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Introduction and Overview

Introduction and Overview
GUIDELINES FOR SELECTION AND DESIGN OF BEST MANAGEMENT
PRACTICES FOR STORMWATER RUNOFF IN PARKING LOTS

INTRODUCTION
Parking lots have a negative impact on stormwater quality and quantity. They increase the potential for
flooding by changing the natural hydraulics of the area and they accumulate dirt, debris and other pollutants
from motor vehicles that runoff to neighboring waterways during rain and snow melt.
Constructing or reconstructing a parking lot provides an opportunity to mitigate the negative impact parking
lots have on stormwater through the use of best management practices (BMPs). This document will help the
designer select the proper BMPs for each unique project and provides reference documents to aid the BMP
design.
This document is a collaborative effort between Milwaukee County Environmental Engineering staff,
R.A. Smith National, Inc. and M-Squared Engineering, Inc.

PROCESS
The designer shall begin with the “Process Flow Chart Diagram”. This flow chart provides the designer with
systematic steps for evaluating and selecting appropriate BMPs for the parking lot construction/reconstruction
project. These steps are:
GOALS:

The designer shall establish the goals for the project. These goals include improving
stormwater quality, runoff volume and peak flow rates. Other goals can include:
operation and maintenance, annual inspection and certification, Budget, BMP life
expectations, etc.

SITE:

The designer shall determine the site characteristics and note them on the worksheet
“Parking Lot Characteristics Related to Stormwater Management BMP Selection”.
See: “Parking Lot Characteristics Related to Stormwater Management BMP Selection”

FOCUS:

The designer shall determine the most appropriate section (Water Quality
Improvement, Peak Flow Reduction, Volume reduction) within the “BMP Matrix” based
on project goals and site characteristics.
See:

“BMP Matrix"
Individual BMP Characteristics and Design Criteria
Reference/ Guidance Documents

R.A. Smith National, Inc. - Aug-11
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SELECT:

Using the BMP Matrix, focused in the appropriate section, the designer shall pick one,
or several, BMPs with characteristics that will help achieve the project goals.

Once the designer completes these steps the designer should consider secondary goals for the project and
repeat the process to address that secondary goal. The result will be a list of BMPs that address the primary
and secondary goals. In some cases, a single BMP may address both the primary and secondary goals. In
other cases, it might be most effective to design an integrated system of multiple practices in a treatment train
to address all project goals.
Using this generated list of BMPs, the designer shall prepare a preliminary design, and evaluate whether that
design will meet the goals, budget and site constraints identified. As part of the preliminary design, the
designer may need to perform a more specific and detailed site investigation.
If the designer determines through preliminary design that the selected BMPs will not meet the goals, budget
and site constraints, the designer shall: (1) review the goals, (2) re-evaluate the budget, and (3) repeat the
selection and design process.
When the preliminary design meets the project goals, budget and site constraints, the designer can complete
the final design.

DESIGNER REFERENCES
The individual BMP reference information is split into two sections:
BMP INFORMATION:

This section provides BMP characteristics and design criteria,
supported by sample details and photographs for each unique BMP.
This section will aid the designer in screening, selecting, evaluating and
implementing each design practice. These are found behind tabbed
dividers for each BMP practice.

REFERENCE DOCUMENTS:

This section provides design guidance materials provided by
regulatory agencies, manufacturers and other industry sources. Many
of these materials apply to multiple practices, and most are
periodically updated. The design guidance materials are referenced
for each BMP in the primary BMP Information sections, and provided
separately as Reference Documents.

All materials are in a loose-leaf format presented in a 3-ring binder to facilitate copying, updates, expansion
and maintenance. All documents are also in electronic form, as printable Acrobat documents to facilitate
sharing of the information.
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Process Flow Chart Diagram

Goals

Site

• Determine project storm water
management goal(s)
• Prioritize goals for the project

• Review site characteristics (See design
requirements for each goal)
• Summarize constraints on worksheet

Focus

• Based on primary goals, pick
appropriate BMP section: Water Quality
Improvement, Peak Flow Reduction,
Volume Reduction

Select

• From selected BMP list, review available
BMPs compared to site constraints; pick
several that may work

ReFocus
Are there
secondary
goals?

YES

ReSelect

NO

Iterate

The process described by this
diagram references the following
1. Parking Lot Characteristics Worksheet
2. BMP Matrix

• Focusing on secondary goal, pick
another BMP section

• Select additional BMPs to meet
secondary goal, considering interaction
with Primary Goal BMP or a single BMP
that satisfies both goals

• Reiterate as necessary to address all
project goals.

Preliminary Design
and Site
Requirements

NO

Meet goals
based on
available
data?

Complete Site
Investigation and
Refine Pre‐Design
YES

NO

Will project
meet cost/
performance
goals?

R.A. Smith National, Inc. with
M‐Squared Engineering

YES

Complete
Design

Milwaukee County
Parking Lot Stormwater Management BMP Guidelines
Parking Lot Characteristics Related to Stormwater BMP Selection
No.

Characteristics

Guidance

Physical
1

Drainage Area ‐ Rooftop

Pretreatment not required; manage peak flow/ volume

2

Drainage Area ‐ Pavement

3

Drainage Area ‐ Greenspace

4

Depth to Groundwater

5

Depth to Bedrock

Less or greater than 5 feet

6

Topography/ Slopes/ Grades

Less or greater than 5%,

7

Watershed Characteristics

Ability to divide into multiple treatment areas

8

Downstream Watershed Sensitivity

Wetlands, critical areas, flooding

9

Existing Storm Sewer System Capacity

Including downstream considerations

10

Soil Types

See DNR Standard 1002

11

Surface Replacement vs. Full Reconstruction

Zoning Restrictions
1

Landscaping Requirements

2

Airport Restrictions

3

Flood Plain Restrictions

4

Emergency Vehicle Access

5

Availability for Storm Water Storage

Open water and bird attractants banned

Of parking areas

Property
1

Adjacent Property Availability/ Access

2

Property Owner/ Department/ Tenant

3

Aesthetic Requirements

4

Risk/ Liability Characteristics

5

Vandalism Potential

Additional room for BMP?

Pavement Function
1

Intended Use of Parking Lot ‐ Volume

2

Intended Use of Parking Lot ‐ Vehicle Types

3

Intended Use of Parking Lot ‐ Users/ Patrons

4

Required Number of Parking Spaces

5

Frequency of Use

6

Deicing Requirements

Public, Service, Periodic, Seasonal, Heavy Equipment

Maintenance Capacity
1

Routine Cleaning/ Sweeping/ Vacuum

2

Periodic Speicalized Inspection

RA Smith National, Inc. with
M Squared Engineering
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BMP Matrix

BMPs by Category and Key Characteristics

BMP Items/ Descriptions

DNR Ref
Standard

BMP Function

Approx. Max TSS Removal
Efficiency

Min BMP Footprint or
Length to Width Ratio

Applicable
Tributary Area
Per Unit

Primary / Secondary

~ 2 acres

TSS removal

Model
dependent ‐
generally small
areas

Trash removal/
Pretreatment

Design Requirements

Non‐Effective /
Unsuitable for:

Pre‐treatment

Boring/
Infiltration
Test
Required

Required Soil
Infiltration
Rate
Liner Required

Separation from
Groundwater /
Bedrock

Maintenance

Separation from Wells

Other

Min.
Maintenance
Schedule

Construction Costs

Approx. Annual
Maint. Cost

Water Quality Improvement BMPs
1

Filter Systems

‐

~60‐80%

Based on
manufacturer

2

Hydrodynamic Separators

‐

~20%

Based on
manufacturer

~20%

Based on
manufacturer

‐

~20%

Catch basin size

removal rate
dependant

Pretreatment/ trash

Wisc
Stmwtr
Manual

~70%

12'x200'

up to 50 acres

TSS removal /
Infiltration

variable

~20'x75'

up to 5 acres

pretreatment

80%

10,000 sf ideal,
smaller is
designable, ideal 3:1
L:W

3

Floatables Control

4

Catch Basin with Sump

5

Grassed Swale

6

Filter Strip

Trash removal/
Pretreatment

Peak Flow
Reduction,
Volume
Reduction

Depends on
Generally need
manufacturer;
large head
typically
drops to
quarterly to
function
semi‐annual
properly (inlet
to outlet)
Semi‐annual

N/A
None

No

If designed for infiltration, see infiltration design requirements for
groundwater protection

needs to be
mowed 2‐
3x/year

11 ‐ 15% of
construction
2 ‐ 10% of
construction
~ 1 ‐ 5% of
construction

Semi‐annual
Semi‐annual

~$10,000+

$2,000 ‐ $8,000
$2,000 ‐ $8,000
$0.50/LF

$500/acre/year

slight premium over
standard seeding

1 ‐ 10% of
construction

~$1‐1.5/cf

~ 1% of
construction

~ $5‐6/ cf

3 ‐ 6% of
construction

~ $1/ cf

Peak Flow Reduction BMPs
1

Wet Detention Pond

2

Underground Pond

3

Wetland Bottom Detention
Pond

1001

‐

Up to 80%
3:1

‐

Peak Flow Reduction,
Water Quality
Improvement

Dry Detention Pond

No limit

~ 80%

‐

Some possible

None

Variable

Forebay
recommended
possible

Peak Flow Reduction
4

Volume
Reduction

N/A

Water Quality
Improvement,
Volume
Reduction

Infiltration
not desired

Yes

Forebay
recommended

Yes

Dependent
upon
underlying
Max of 0.14
soil conditions
in/hr
N/A

Annual

No
possible

N/A

N/A

400' from community
well/ 25' from private

Volume Reduction BMPs
1

Raingarden

small

2

Infiltration Basin

1003

Pretreatment required

> 15' width

5 ‐ 50 acres

3

Bioretention Infiltration Basin

1004

Up to 90%

10' x 15' bottom
effective area

< 2 acres

4
5
6
7

Vegetated Infiltration Swale

1005

Infiltration Trench
Permeable Bituminous
Concrete Pavement
Permeable Portland Cement
Concrete Pavement

~ 60‐90%
Pretreatment required

Max bottom width
of 6'
< 15' Width

‐
‐

< 5 acres

No limit
Up to 90%

not required

No

none

Low

Required

Semi‐annual
Max. 12"
Monthly and as
ponding depth
needed

Required for
parking/ road
areas
No
Yes

0.6 in/hr

3' if soils have
20% or more
fines, 5' if soils
have 10% fines

All infiltration devices
must have a minimum
400 feet separation from
community and 100 feet
separation distance from
private wells

5 ‐ 7% of
construction

Semi‐annual
Monthly and as
needed

~ $2 / cf

~ $1.5 ‐ 3 / cf

$0.50 / sf
5 ‐ 20% of
construction

~$5 / cf
~$0.5‐1 / sf asphalt only

Quarterly to
semi‐annual

N/A

5 ‐ 10% of
construction

5 ‐ 10% of
construction

~$2‐7 / sf concrete only
~$4‐8 / sf pavers, joint &
bedding material only

8

Permeable Pavers

‐

9

Subsurface Infiltration

‐

Pretreatment required

5 ‐ 50 acres

10

Pavement Reduction

‐

Depends on amount of
pavement removed

N/A

RA Smith National, Inc. with
M Squared Engineering

Volume Reduction
Volume and Peak Flow
Redution
Volume Reduction,
Water quality
Improvement, minor
Peak Flow Reduction Industrial/ spill/
fuel sites and
areas with
chloride laden
runoff
Volume Reduction and
Water Quality
Improvement

N/A
Required
Reduction in (1)
stormwater runoff and
(2) TSS load

N/A

Semi‐annual
N/A

1 ‐ 10% of
construction

~$5‐6 / cf

N/A
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WATER
QUALITY
IMPROVEMENT
BMPS
1. Filter Systems
2. Hydrodynamic Separators
3. Floatables Control
4. Catchbasin with Sump
5. Grassed Swale
6. Filter Strip
Wet Detention Pond (see Peak Flow Reduction BMPs section)
Underground Pond (see Peak Flow Reduction BMPs section)
Bioretention for Infiltration (see Volume Reduction BMPs section)
Pavement Reduction (see Volume Reduction BMPs section)

FILTER SYSTEMS
Water Quality Improvement BMPs
OVERVIEW
Stormwater filtering systems are the most effective way to improve
water quality, but can also be the most expensive. Stormwater
filtering systems are available in many configurations. Some common
varieties will be listed, although others exist. Common to all these
filters are:
1. The ability to remove very fine particles in stormwater runoff,
and other target pollutants (such as heavy metals,
hydrocarbons, nutrients, and bacteria).
2. Relatively high cost per square foot of stormwater runoff area
treated, versus treatments such as stormwater ponds.
3. Relatively high and frequent maintenance costs to replace
filter materials.
Further description of select filters:
Modular Filter Systems: Centralized filtering systems capable of
providing filtration for large parking lots, constructed in a subsurface
concrete vault. Filter cartridges are sized for the site conditions and
media is designed to remove target pollutants (solids, heavy metals,
oil, grease, and nutrients). Brands include StormFilter and Aqua-Filter.
Curb-box Filters: Filter grates that are inserted into curb box inlets to
collect litter and larger debris. With the addition of geotextile
sediment bags and oil absorbent pouches, other pollutants can be

treated. Standard inlets can often be used keeping initial costs lower,
and existing inlets can be retrofit. Brands include Flexstorm Inlet
Filters and Suntree Technology Curb Inlet Basket.
Tree Box Filters: Filters that combine a storm sewer inlet with a tree
planter box. Different brands work in slightly different ways, but
generally small storms infiltrate through mulch and engineered soil
within a concrete vault to an under drain, with an overflow bypass for
larger storm events. Some brands allow infiltration into underlying
soil or additional filtering through media cartridges. Each catchment
requires its own tree filter box. Brands include UrbanGreen Biofilter,
and Filterra.
Upflow Filters: Catchbasin based filter system using customized
media bed and hydraulic methods to filter stormwater. Primarily used
for smaller catchments, can be scaled up in size. Each catchment
requires its own filter. Brand: Up-Flo Filter by Hydro-international.

Water Quality Improvement BMPs

Filter Systems

Filter Systems
WAT E R Q UA L I T Y I M P ROV E M E N T B M P S

BEST USED FOR
1. Water quality improvement

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. Some filters require placement in curb lines.
b. Some filters designed for trees box just in back of curbs.
c. Allow for maintenance access.
2. General
a. To provide filtration to a larger drainage area, consider a treatment train approach: some
pretreatment to settle out larger particles, detention to reduce peak flows, then filtration
(which can be sized smaller with the lower peak flows).
b. Select filter media based on pollutants targeted for removal.
c. Consider required system maintenance against realistic available maintenance.

PUBLISHED GUIDANCE:
Fairfax County LID BMP Fact Sheet - Tree Box Filters
Center For Watershed Protection; Performance Criteria: Stormwater Filtering Systems
EPA Factsheet: Catch Basin Inserts
EPA Factsheet: Sand and Organic Filters
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Water Quality Improvement BMPs

Filter Systems

SAMPLE PICTURE

proprietary filter device - South Shore

Brand Specific Schematic Examples Follow

R.A. Smith National, Inc. Aug-11
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®

Up-Flo Filter

Fluidized Bed Upflow Filtration System

Stormwater filtration in less than 1/5 the footprint of other filtration devices
The Up-Flo Filter is the most efﬁcient high-rate stormwater ﬁltration
technology available for the removal of trash, sediments, nutrients, metals
and hydrocarbons from stormwater runoff. As the industry’s only ﬂuidized
bed upﬂow ﬁltration technology, the Up-Flo Filter provides a higher level of
treatment, a higher rate of ﬁltration, longer life of ﬁlter media and a longer
maintenance cycle than other ﬁlter systems.

A P P L I C AT I O N S
• New developments and retroﬁts
• Industrial and commercial facilities
• Source control
• Sediment and hydrocarbon control

Inlet grate

• Nutrient control
• Heavy metals control
• Wetlands protection
• LEED® development projects

Bypass siphon
with ﬂoatables
bafﬂe

A D VA N TA G E S
• Available in manhole, vault and retroﬁt conﬁgurations
• Higher ﬂow capacity resulting in smaller systems

Filter module

Outlet module

• Includes 4mm pre-screening
Media pack

• Variety of media options
• Patented drain down prevents media degradation
• Long media life and maintenance cycle

Angled screen

Drain down port
Outlet pipe

• Easy installation & maintenance
Sump

HOW IT WORKS
Stormwater enters the chamber via an inlet pipe or inlet grate and ﬁlls
the chamber, as ﬂow is directed up through the angled screen and Filter
Modules (brown arrow).
Gross debris and sediment settle out in the sump. Oil and ﬂoatables rise
to the surface of the water.
Treated water ﬂows out of the Filter Module to the Outlet Module and
into the outlet pipe (blue arrow).
Excess ﬂows are discharged to the outlet using a Siphonic Bypass, which
also acts as a ﬂoatables bafﬂe preventing the escape of oil and ﬂoatable
trash.
To guard against pollutant leaching and ﬁlter media degradation between
storm events, water drains out of the chamber through the ﬁltered Drain
Down Port as the storm subsides.

™

Ph: 207.756.6200 • Fax: 207.756.6212 • Email: stormwaterinquiry@hil-tech.com

w w w . h y d r o - i n t e r n a t i o n a l . b i z

st or m wate r

Up-Flo® Filter

Maintenance

Filter Media

Maintenance is simple with easy access to the sump and replaceable
Media Packs. A vactor truck is used to remove sediment and debris from
the sump and the Media Packs are manually replaced. Unlike other
ﬁltration systems, no specialized heavy lifting equipment is needed.

A portfolio of media is available to accommodate site
speciﬁc pollutant removal objectives.

• Hydro Filter Sand:
TSS, Particle-bound
Nutrients, Metals and Bacteria.

Filter Module Components
Each Filter Module has a typical treatment ﬂow rate of 25 gpm.

• Perlite:
TSS and associated pollutants,
Oils and Grease.

Lid with integral media
restraint

• CPZTM Mix:
TSS and associated pollutants,
Nutrients, Bacteria, Metals and
Organics.

Flow distributing media
Media bags
Flow distributing media

• CPSTM Mix:
The cold climate alternative to
our CPZTM Mix.

Module

Configurations
1 Ring - Standard Manhole
- upstream source control
small drainage sites

2 or 3 Ring - Vault
- larger catchments

Up-Flo Retro
- retroﬁt applications for small
or irregular catch basins

Up-Flo Filter Sizing and Design
Model

Chamber
Size
(ft)

Number of
Modules

Typical
Treatment
Flow **
(cfs)

Peak
Siphonic
Bypass Flow
(cfs)

Maximum
Pipe
Diameter
(in)

Minimum/
Standard
Headloss
(in)

Minimum
Oil Storage
Capacity
(gal)

Sump
Storage
Capacity
(cu yds)

1 Ring
(Standard
Manhole)

4 (round)

1-6

0.33

6

15

19.5 / 29.5

50

0.90

2 Ring
(vault)

6 x 12
(typ)*

7 - 12

0.66

12†

24

19.5 / 29.5

120 ††

2.7††

3 Ring
(vault)

7 x 16
(typ)*

13 - 18

1.0

18†

36

19.5 / 29.5

180††

4.0††

* Size may vary
** Based on >90% removal of Sil-Co-Sil 106
†
Vault configurations may also include an internal bypass weir for additional bypass capacity

††

May vary with chamber dimensions
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Bioretention
Plant/Soil/Microbe Complex
Removes Pollutants, TSS,
Phosphorus, Nitrogen, Bacteria,
Heavy Metals, Hydrocarbons, etc.

Bioretention Systems
A Growing Idea in Stormwater Filtration

Filterra® Flow Line
at Higher Elevation
than Bypass Flow Line

New or Existing
Catch Basin,
Curb Cut or
Other Means of
Overflow Relief

Clean-out
High Flow Bypass
Curb and
Gutter

Storm Water Inflow
(”First Flush”)

3” Mulch
Filterra® Engineered
Media

Energy Dissipator
Stones

Treated Stormwater
Underdrain System

Filterra® Concrete
Container

A Division of
U.S. Patents #6,277,274 & #6,569,321. Other Patents pending.

HYDRODYNAMIC
SEPARATORS
Water Quality Improvement BMPs
OVERVIEW
Hydrodynamic separators are a class of cylindrical products in which
inflowing stormwater is induced into a swirling motion to enhance
solids removal from stormwater and help prevent re-suspension.
Some designs also trap oil and floatables. Many of the products are
the size of oversized manholes, although some designs include
multiple units. Because of their size, hydrodynamic separators are
useful in retrofit situations or as pretreatment before another water
quality enhancement system.
Hydrodynamic separators are best at removal of larger particles,
and little independent performance data exists. Frequent
maintenance is required.
Brands include Stormceptor, Baysaver, and Vortechnics, among others.

Water Quality Improvement BMPs

Hydrodynamic Separators

Hydrodynamic Separators
WAT E R Q UA L I T Y I M P ROV E M E N T B M P S

BEST USED FOR
1. water quality improvement - pretreatment
2. retrofit designs

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. Fit in many locations due to compact size.
b. For use as pretreatment, will need adequate grade to route effluent to downstream
stormwater system.
c. Allow for maintenance access.
2. General
a. Consider use of a hydrodynamic separator as the first part of a treatment train approach.
Pretreatment provided by the hydrodynamic separator will prolong the life of downstream
stormwater systems.
b. Sizing based on manufacturer's guidance.
c. DNR Standard 1006 outlines how hydrodynamic separators are to be modeled for TSS
removal rates.

PUBLISHED GUIDANCE:
Wisconsin Department of Commerce, Wisconsin Department of Natural Resources Conservation Practice
Standard 1006: Method for Predicting the Efficiency of Proprietary Storm Water Sedimentation Devices
EPA Fact Sheet: Manufactured Products for Stormwater Inlets

R.A. Smith National, Inc. Aug-11
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Water Quality Improvement BMPs

Hydrodynamic Separators

SAMPLE PICTURE

Manufacturer Schematic (Vortech)

ADDITIONAL MANUFACTURER SCHEMATICS FOLLOW

Page 2

R.A. Smith National, Inc. Aug-11

Quiescent chamber creates
* Fiberglass construction is an option

imbriumsystems.com

USA: (888) 279 8826

CANADA: (800) 565 4801

INT’L: +1 416 960 9900
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Hydrodynamic Separation
Products

Hydrodynamic Separation
Selecting the right stormater solution
just got easier...

Removing Pollutants with Hydrodynamic
Separation
Hydrodynamic separators are some of the ﬁrst technologies to be
developed for treating stormwater. Our hydrodynamic separation
(HDS) products have been providing reliable stormwater treatment
solutions for more than 20 years. With performance proven in the
lab and in the ﬁeld at sites across the country, these systems are
widely accepted for effective solids removal. They are an optimal
choice for pretreatment systems, especially efﬁcient on gross solids,
trash and debris, while also removing total suspended solids (TSS).

Fundamentals of HDS
UÊ
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- Increase efﬁciency by increasing length of ﬂow path and
eliminating short circuiting

Ê

Ê ViÌÀ>ÌiÊÃ`ÃÊÊÃÌ>«i]ÊÜÊÛiVÌÞÊyÊÜÊwÊi`

UÊ
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- Minimize turbulence and velocity
- Prevent ﬂow surges and resuspension
- Retain ﬂoating pollutants

UÊ

*ÀÛ`iÊi>ÃÞÊ>VViÃÃÊÌÊV>«ÌÕÀi`Ê«ÕÌ>ÌÃÊÌÊ>i
maintenance easy

Learn more about hydrodynamic separation at
www.contech-cpi/stormwater

Our hydrodynamic
separation products have
been providing reliable
stormwater treatment
solutions for more than
20 years YYY

2

Learn more at www.contech-cpi.com/hds

Applications
 -Ê«À`ÕVÌÃÊÜÀÊÜiÊ>ÃÊÃÌ>`>iÊÀÊi`v««iÊÌÀi>ÌiÌ
systems and can easily be implemented in a retroﬁt scenario. They
are particularly effective at removal of solids, trash and debris –
and can help you meet TMDL requirements for these pollutants.
HDS systems are also optimal pretreatment systems – and an
«ÀÌ>ÌÊLÕ`}ÊLVÊÊ>ÊÜÊ«>VÌÊ`iÛi«iÌÊ ®Ê`iÃ}°
By removing solids, trash and debris prior to detention, inﬁltration
or re-use systems, you can signiﬁcantly increase their service life.

Water Quality
HDS products provide high-performance stormwater pollutant
removal. These systems are effective in removing solids to meet
water quality goals and can be designed to achieve site treatment
goals for TSS or oil.

Pretreatment for Low Impact Development

A Vortechs protects detention system from
sediment build-up and reduces maintenance

(LID) Designs
Hydrodynamic separation systems installed as
pretreatment reduce downstream loading to
reduce maintenance

Inlet and Outlet Pollution Control
Our HDS products are especially effective for solids and trash
and debris. They can be installed at either the inlet or outlet of a
drainage system to prevent pollutants from being discharged into
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CDS unit installed to remove trash before
entering Lake Meritt in Oakland, CA
VortSentry HS is an effective option where
space is limited

Learn more at www.contech-cpi.com/hds

3

CDS®
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provides continuous deﬂective separation – a combination of
swirl concentration and patented indirect screening – into a
uniquely capable product. It effectively screens, separates and
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traps debris, sediment and oil from stormwater runoff and is an
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Features & Beneﬁts
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One-of-a-Kind Screening Technology
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buoyant debris 2.4mm or larger
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technology available
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Proven Performance
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Excellent Pollutant Retention
UÊ

Ã>Ìi`Ê-ÌÀ>}iÊ-Õ«Êi>ÌiÃÊÃVÕÀÊ«ÌiÌ>

UÊ

"Ê >vyÊiÊ«ÀÛiÃÊ Þ`ÀV>ÀLÊÀiÛ>

Multiple Options to Meet Site-Speciﬁc Needs
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eliminate the need for junction manholes
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CDS removes fine sediments and trash debris

Continuous deﬂective separation — water velocities within the swirl chamber
continually shear debris off the screen to keep it clean
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Learn more at www.contech-cpi.com/hds

Vortechs®
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capturing and storing ﬁne particles and other pollutants of
concern. With comprehensive lab and ﬁeld testing, the system
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delivers proven results and site-speciﬁc solutions.
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Features & Beneﬁts
Shallow Proﬁle
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Effective Fine Solids Removal
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removal (down to 50 microns)
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concentrator system available

Easy Maintenance
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Proven Performance
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Large diameter swirl chamber for enhancement of
sediment removal in a low profile unit

Our systems are widely
accepted for effective
solids removal YYY

Learn more at www.contech-cpi.com/hds
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VortSentry® HS
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for projects where space is at a premium.
GRATE INLET

Helical Flow Pattern
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Unique Internal Bypass
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wide range of ﬂows
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PRIMARY INLET
OUTLET FLOW
CONTROL

bypass structures
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TREATMENT
CHAMBER

SEDIMENT STORAGE
SUMP

Flexible, Compact Design
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VortSentry®

www.contech-cpi.com/vortsentry

VSHS Unique internal bypass design treats high flows
and bypasses peak flow, eliminating washout
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Learn more at www.contech-cpi.com/hds

Maintenance
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–should be maintained regularly. Despite the widespread
implementation of BMPs, water quality goals will not be met if the
treatment structures are not properly cleaned and maintained.
Systems vary in their maintenance needs, and the selection of a
cost-effective and easy-to-access treatment system can mean a
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Inspection
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and transport may vary from year to year and site to site. Semiannual inspections will help ensure that the system is cleaned out

A vacuum truck excavates pollutants from
the systems

at the appropriate time. Inspections should be performed more
frequently where site conditions may cause rapid accumulation
of pollutants.

Vortechs, VortSentry and VortSentry HS
These systems should be cleaned out when sediment has
accumulated to a speciﬁc depth (refer to the respective
maintenance guidelines for details). Maintaining these systems is
i>ÃiÃÌÊÜ iÊÌ iÀiÊÃÊÊyÊÜÊiÌiÀ}ÊÌ iÊÃÞÃÌi°ÊÊÛ>VÕÕÊÌÀÕVÊÃÊ
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pollutants from the systems.

CDS
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is typically achieved through two manhole access covers – one
allows inspection and cleanout of the separation chamber and
sump, and another allows inspection and cleanout of sediment
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A CDS unit can be easily cleaned out in less
than 30 minutes
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accomplished in less than 30 minutes for most installations.

All stormwater systems should be
maintained regularly YYY

Learn more at www.contech-cpi.com/hds
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Next Steps
Learn more
See our HDS systems in action. Flash animations available
at www.contech-cpi.com/hds

Connect with Us
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consultant for design assistance. Search online at www.contech-cpi.com. While
ÞÕ½ÀiÊÌ iÀi]ÊLiÊÃÕÀiÊÌÊV iVÊÕÌÊÕÀÊÕ«V}ÊÃi>ÀÊÃV i`ÕiÊÀÊÀiµÕiÃÌÊ>Ê
in-house technical presentation.

Start a Project
If you are ready to begin a project, visit us at www.contech-cpi.com/designtoolbox
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Get Social With Us!

Learn more at www.contech-cpi.com/hds
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We print our brochures entirely on Forest
Stewardship Council certiﬁed paper. FSC
certiﬁcation ensures that the paper in our brochures contain ﬁber from well-managed and
responsibly harvested forests that meet strict
environmental and socioeconomic standards.

FSC

FLOATABLES
CONTROL
Water Quality Improvement BMPs
OVERVIEW
Floatable control structures include devices to catch general floating
trash, as well as oil/water separators meant to trap oils. A number
of proprietary devices are available for floatables control. Most
have screens or baffles of some type to trap floatables, or sometimes
also oil and grease.
Brands include TrashGuard, TrashTrooper, Storm Flo-Screen, Snout
(Best Management Products)

Water Quality Improvement BMPs

Floatables Control

Floatables Control
WAT E R Q UA L I T Y I M P ROV E M E N T B M P S

BEST USED FOR
1. Water quality improvement - pretreatment of gross pollutants
2. Floatable trash reduction in receiving streams

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. Different products require different footprints
b. Allow for maintenance access
2. General
a. There is a great variation in the types of products available - selection depends on project
goals

R.A. Smith National, Inc. Aug-11
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Water Quality Improvement BMPs

Floatables Control

SAMPLE PICTURE

'Snout' installation - McGovern Park

Page 2
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Water Quality Improvement BMPs

Floatables Control

Stormtrap oil / water separator

R.A. Smith National, Inc. Aug-11
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Water Quality Improvement BMPs

Floatables Control

SAMPLE DETAILS
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Water Quality Improvement BMPs

Floatables Control

BRAND SPECIFIC SCHEMATIC LITERATURE FOLLOWS

R.A. Smith National, Inc. Aug-11
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Engineering Fact Sheet

PARK

ENVIRONMENTAL EQUIPMENT

Trash
Trooper
tm

Floatable Collection Devices

Stormwater Treatment System

General Information
The heavy accumulations of trash that is washed into our
waterways causes a number of problems. Not only is it an
aesthetic problem, but it also damages the aquatic habitat
and is harmful to fish and other animal life.

FLOATABLES
COLLECTION
BAR SCREEN
INLET

Examples of urban litter are; plastics, paper, metal cans,
wood, old tires, limbs, leaves, vegetation, decomposed
animals, construction materials and trash sacks.
The Harris County Storm Water Quality Guidance Manual
requires that all projects that constitute new development or
significant redevelopment install a Post-Construction Best
Management Practice (BMP). Post construction BMP's are
in place to limit the quantity of harmful pollutants being
discharged by the completed development during and
following rain events.
Post-construction BMP's take
different forms, structural and nonstructural. Examples of
nonstructural would be public education, source controls
and low impact development. Structural controls are storm
water quality basins, detention ponds, vegetative practices
and floatable collection devices.
While the best method for addressing factitious floatables is
through public education (“don't litter” campaigns, signage,
inlet markers, etc), it is believed that structural containment
devices (floatable collection screens) like TrashTrooper™,
will eliminate a large percentage of floating trash and debris
from storm water.
http://www.eng.hctx.net/permits/pdf/manual_residential_de
vel.pdf

Fig. 2 - Floatable Collection Screen

Park Floatable Collection Devices
The Park Floatable Collection Screen Devices combine
style and desired collection method for proper debris
capture and can be manufactured in precast concrete,
composite or alloy:
=Bar screen Designs
=Heavy

Duty Galvanized Steel Collection Screen
Sections
=Safety End Treatment (SET) Designs
=Headwall/Wingwall Designs
=Inlet Debris Screens and Pollution Inserts
=“Floatables” Outfall Structures
=Collection Device Design Considerations

Proper design starts with consulting city, county, state or
Floatable Collection Devices are used in harmony with national EPA stormwater quality and flood control
dry/wet detention ponds, water quality wetlands, vegetative regulations for minimum structural BMP requirements for
grassy swales/filter strips and stormwater drainage inlets floatable collection device criteria.
prior to outfall in the MS4 or a stormwater drainage ditch.
1. Design for accessibility by maintenance personnel
2. Design 4” minimum concrete paved access on all sides
for maintenance
ACCESS HATCHWAY
INTEGRATED
3. Design screens for minimum hand raking of debris to
LADDER
top of structure for dewatering and truck pick up
4. 3:1 slope for trash collection screen and concrete walls
FLOATABLES COLLECTION
BAR SCREEN
5. Provide all-weather access road to screen and debris
removal site
6. Screen bar size 2” x ¼” flat bar minimum with 2 ¾”
space between bars
7. Net opening area of the screen must allow for a flowrate
of 1.0 cfs. Overall screen area should be designed for
INLET
a 100-year/24 hour intensity rate. Size area below
restrictor wall using a 10-year/24 hour intensity rate
h
OUTLET

Tras per
Troo
tm

m

Minimum screen area (sq ft) = Q (cfs) / .92

ent Syste

ter Treatm

Stormwa

Fig. 1 - TrashTrooper Stormwater Treatment
Enclosed Floatable Collection Screen

8. Screen design may require multiple 4' x 8' screen panel
sections.

Trash
Trooper
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tm

888-611-PARK
www.park-usa.com
EFS-FCS10.cdr

Stormwater Treatment System
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PARK

ENVIRONMENTAL EQUIPMENT

Trash
Trooper
tm

Stormwater Treatment System

Maintenance
BMP's like dry/wet ponds are typically designed to
completely drain within 24 -48 hours after the completion of a
storm event. They are designed to mimic natural conditions
by allowing water to soak into the ground and allow limited
release of stormwater to other pipes or water bodies.
Maintenance is advised monthly in heavy weather months or
after any major storm event (using 1-inch in 24 hours as a
minimum guideline depending on non structural controls of
the site).
Though some activities such as litter removal and mowing
can be effectively undertaken by facility owners, it is usually
worth the cost to have a professional do the more difficult
tasks. Major repair can typically cost 10 times more than a
regular maintenance program. Grading and sediment
removal should be left to professional contractors with the
equipment and experience to safely perform duties.
=
=
=
=
=
=
=
=
=

Rake debris upward for dewatering
Barrier cleared to design flow capacity
Clean debris from restrictor piping area
Replace damage or missing bars
Repair bars bent more than ¾”
Tighten loose bolts/nuts
Replace missing or corroded bolts/nuts
Trim overgrown weeds and trees
Fill eroded areas and soil disturbing activities
Fig. 3 Sectional 4' x 8' Floatable Collection Screens

Trash
Trooper
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www.park-usa.com
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Stormwater Treatment System
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CATCHBASINS
WITH SUMPS
Water Quality Improvement BMPs
OVERVIEW
Catchbasins with sumps provide reasonable stormwater solids
removal when sized with small drainage areas. The catchbasins are
constructed as 48-inch to 96-inch diameter manholes with one-foot to
three-foot deep sumps and typical curb inlet or open grate castings.
The extra-large, extra-deep sumps are more effective at settling out
solids and preventing resuspension of trapped solids than standard
sumps. Use of catchbasins is easy to implement, as it uses standard
storm sewer materials familiar to contractors.
A series of oversized catchbasins can be used on a site
independently, or as pretreatment before another stormwater system.
Maintenance frequency is determined by sediment accumulation in the
sumps.
Water quality treatment catchbasins can be sized using SLAMM, the
Source Loading and Management Model, by Robert Pitt and John
Voorhees. On a typical redevelopment project, one 60-inch diameter
catchbasin can provide 40% TSS removal on an annual average
basis to one-eighth of an acre of parking lot.

Water Quality Improvement BMPs

Catchbasins with Sumps

Catchbasins with Sumps
WAT E R Q UA L I T Y I M P ROV E M E N T B M P S

BEST USED FOR
1. Water quality improvement
2. Pretreatment
3. Redevelopment or retrofit designs

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. Fits in many locations due to compact size.
b. For use as pretreatment; will need adequate grade to route effluent to downstream
stormwater system.
c. Allow for maintenance access.
2. General
a. Consider use of oversized catchbasins as the first part of a treatment train approach.
Pretreatment provided by the hydrodynamic separator will prolong the life of downstream
stormwater systems.
b. Sizing based on SLAMM and project goals.

R.A. Smith National, Inc. Aug-11
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Water Quality Improvement BMPs

Catchbasins with Sumps

SAMPLE PICTURE

Sedimentation sump manhole - McGovern Park

Page 2
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GRASSED
SWALE
Water Quality Improvement BMPs
OVERVIEW
Grassed swales are stormwater conveyance systems specifically
designed to improve water quality through settling and infiltration.
Grassed swales can be used as pretreatment before infiltration
systems.
Tall vegetation, extended length of swale, and low velocities increase
the effectiveness of the practice.

Water Quality Improvement BMPs

Grassed Swale

Grassed Swale
WAT E R Q UA L I T Y I M P ROV E M E N T B M P S

BEST USED FOR
1. Stormwater pretreatment
2. Stormwater quality improvement

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. If used as pretreatment, consider logistics of routing water to the swale before
downstream stormwater system - both horizontal and vertical.
b. Effective swales may take considerable space.
c. Likely will use tall grass vegetation - may not be appropriate in some areas.
2. General
a. Low velocity is important to achieving water quality improvements it may be appropriate
to replace curb and gutter with grassed swales to provide conveyance and improve water
quality.

PUBLISHED GUIDANCE:
Wisconsin Storm Water Manual: Grassed Swales
Wisconsin Department of Natural Resources Conservation Practice Standard Interim Technical Standard
1005: Vegetated Infiltration Swale
EPA Fact Sheet: Grassed Swales
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Water Quality Improvement BMPs

Grassed Swale

SAMPLE PICTURE
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FILTER STRIP
Water Quality Improvement BMPs
OVERVIEW
Filter strips are engineered vegetated strips often used as stormwater
pretreatment systems, or part of a 'treatment train' approach. Filter
strips slow velocity of stormwater sheet flow to allow settling of
particulates and possibly allow infiltration, depending on soil
conditions. Filter strips differ from buffer strips in that they are
engineered systems.
Filter strips are designed for sheet flow, unlike grassed swales which
are designed for concentrated flows. Level spreaders are sometimes
included in the design to ensure sheet flow.

Water Quality Improvement BMPs

Filter Strip

Filter Strip
WAT E R Q UA L I T Y I M P ROV E M E N T B M P S

BEST USED FOR
1. Stormwater pretreatment

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. Consider logistics of routing stormwater over filter strip before downstream stormwater
system - both horizontal and vertical.
b. Grass height ideally 6 to 12-inches - may not be appropriate in some areas.
2. General
a. Low velocity is important to achieving water quality improvements.
b. Function best in low slope areas.
c. Advantages include relatively low cost and ease of maintenance.
d. Sheet flow is critical to success of system, but filter strips have a high potential for
channeling flow through the filter.
e. Groundwater protection must be considered in soils capable of infiltration - see guidance
for infiltration BMPs.

PUBLISHED GUIDANCE:
Wisconsin Storm Water Manual: Filter Strip
Wisconsin Department of Natural Resources Conservation Practice Standard 1002: Site Evaluation for
Stormwater Infiltration
EPA Fact Sheet: Filter Strip
EPA Fact Sheet: Vegetated Buffers

R.A. Smith National, Inc. Aug-11
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PEAK FLOW
REDUCTION
BMPS
1. Wet Detention Pond
2. Underground Pond
3. Surface Pond Wetland Bottom
4. Dry Detention Pond
Infiltration Basin (see Volume Reduction BMPs section)
Infiltration Trench (see Volume Reduction BMPs section)
Permeable Bituminous Concrete Pavement (see Volume Reduction
BMPs section)
Permeable Portland Cement Concrete Pavement (see Volume
Reduction BMPs section)
Permeable Pavers (see Volume Reduction BMPs section)
Subsurface Infiltration (see Volume Reduction BMPs section)
Pavement Reduction (see Volume Reduction BMPs section)

WET
DETENTION
POND
Peak Flow Reduction BMPs
OVERVIEW
Wet detention ponds are constructed ponds with permanent pools of
water designed to store and slowly release stormwater to reduce
peak flows. Wet detention ponds also provide efficient total
suspended solids (TSS) removal, and are often a default water
quality BMP chosen for designs if space is available, even if
stormwater detention is not required. Given then they are the
dominant stormwater BMP in Wisconsin, contractors have a lot of
experience with the construction and maintenance of wet detention
ponds. Although typically designed with a minimum wet pool area
of 10,000 square feet, ponds below this size are often still efficient
at TSS removal.

Peak Flow Reduction BMPs

Wet Detention Pond

Wet Detention Pond
PEAK FLOW REDUCTION BMPS

BEST USED FOR
1. Water quality improvement
2. Peak flow reduction
3. Pretreatment for infiltration devices

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. Possible safety issues with children.
b. Ponds become less efficient when available space is narrow. The required footprint for a
pond is relatively large after side slopes and underwater safety shelf is considered.
c. Open water generally not allowed near airports.
2. General
a. Type of soil and runoff at proposed site - affects pond liner requirements.
b. Structural stability of soil at proposed site - unstable soils may cause pond liner or
embankment failure, pond liner construction may be difficult in wet or unstable soils.
c. Separation from groundwater - possible clay liner compaction issues, hydrostatic issues
with respect to pond liner.

PUBLISHED GUIDANCE:
Wisconsin Department of Natural Resources Conservation Practice Standard 1001: Wet Detention Pond

R.A. Smith National, Inc. Aug-11
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Peak Flow Reduction BMPs

Wet Detention Pond

SAMPLE DETAIL
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Peak Flow Reduction BMPs
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Wet Detention Pond
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Peak Flow Reduction BMPs

Wet Detention Pond

SAMPLE PICTURE

County Grounds
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UNDERGROUND
POND
Peak Flow Reduction BMPs
OVERVIEW
Underground stormwater storage is available in a variety of
configurations ranging from storm sewer pipe, open bottom plastic arch
pipe, plastic crate systems, to modular concrete vaults. Most typically,
these systems consist of rows of plastic or corrugated metal storm sewer
connected with header pipe. For situations where the footprint available
for the storage system is small, underground concrete vaults offer the
most storage. If there is little available vertical space, the open bottom
arch pipe may offer the most storage. No matter the configuration,
typically stormwater is routed to the system and slowly drained out
through a control structure, much like a dry detention pond.
Traditionally these systems were used primarily for peak flow reduction,
but they can also be used for stormwater quality improvement with the
inclusion of permanent wet pools. Typically, a 10-foot diameter pipe is
installed with an outlet such that the pipe maintains a 5-foot wet pool,
with the remaining 5-feet of pipe diameter available for active storage.
The pipe can be analyzed for water quality rate much like a pond.
These systems can provide 40% TSS removal on an average annual
basis fairly economically for 1to 2 acre sites. Although pipes are
generally used for the permanent wet pools, other configurations could
be used too, as long as provisions for cleaning sediment are provided.
The construction and maintenance costs for these systems is much greater
than open systems, so they are typically used in areas of limited land

Peak Flow Reduction BMPs

Underground Pond

availability, or in areas where open water ponds is not acceptable.
Underground storage systems can also function more like infiltration
basins by using perforated pipe or open bottom arch pipe. These
systems should be treated like an underground infiltration basin.

Peak Flow Reduction BMPs

Underground Pond

Underground Pond
PEAK FLOW REDUCTION BMPS

BEST USED FOR
1.
2.
3.
4.

Peak flow reduction
Water quality improvement
Sites with limited surface space for stormwater BMPs
Sites where open water surfaces are not desirable

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. The required footprint of these underground devices can cause conflicts with existing and
proposed underground utilities.
b. Maintenance manholes should be located out of traffic.
c. If the device is to provide water quality, storm sewer needs to be routed to the end of the
system opposite the outlet - this may create logistical issues.
2. General
a. Type of soil at proposed site.
b. Separation from groundwater.
c. Ultimate outlet elevation has large impact on type of system that can be used. If there is
little vertical grade to work with, pipe sizes get smaller and the device footprint gets much
larger for the same amount of stormwater volume.
d. Construction costs are relatively expensive.
e. Maintenance costs are higher than open air ponds.

PUBLISHED GUIDANCE:
Wisconsin Department of Natural Resources Conservation Practice Standard 1001: Wet Detention Pond elements of the systems work similarly to ponds
Contech CMP Detention / Retention Systems Installation Guide
Modeling Underground Stormwater Storage, HydroCAD Software Solutions

R.A. Smith National, Inc. Aug-11
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Peak Flow Reduction BMPs

Underground Pond

SAMPLE PICTURE
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Peak Flow Reduction BMPs

Underground Pond

SAMPLE DETAIL FOLLOWS
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WETLAND
BOTTOM
DETENTION
POND
Peak Flow Reduction BMPs
OVERVIEW
An open air stormwater management pond with a wetland bottom
reduces peaks flows much like a wet pond, but with only shallow
pools of water and wetland plantings on the pond bottom and no
pond liner. As stormwater runoff is routed through the wetland, some
pollutant removal is achieved through biological uptake and settling,
and some volume reduction is achieved through infiltration. However,
wetland bottom detention ponds are not effective at TSS removal,
due to the shallow depths of the pools, requiring the use of forebays.
Dry detention ponds can be retrofitted with wetland plantings to
provide some water quality improvement.

Peak Flow Reduction BMPs

Wetland Bottom Detention Pond

Wetland Bottom Detention Pond
PEAK FLOW REDUCTION BMPS

BEST USED FOR
1.
2.
3.
4.
5.

Stormwater peak flow reduction
Water quality improvement
Limited runoff volume reduction
Groundwater recharge / preserve base flow in streams
Areas where deep open water pond not desirable

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. Possibly safety issues with children.
b. Ponds become less efficient when available space is narrow. The required footprint for a
pond is relatively large after side slopes considered.
c. Open water and wetlands generally not allowed near airports.
d. Pretreatment forebay recommended - will require additional space.
2. General
a. Former uses of proposed site - groundwater contamination risks.
b. Type of runoff at proposed site - groundwater contamination risks.
c. Separation from groundwater - contamination risks.
d. Structural stability of soil at proposed site - unstable soils may cause embankment failure.
e. Construction and maintenance costs generally higher than wet pond.

PUBLISHED GUIDANCE:
Wisconsin Department of Natural Resources Conservation Practice Standard 1001: Wet Detention Pond
EPA Fact Sheet: Stormwater Wetland
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DRY
DETENTION
POND
Peak Flow Reduction BMPs
OVERVIEW
Dry detention ponds are constructed depressions designed to store
stormwater to reduce peak flow rates from stormwater runoff leaving
a site. Dry detention ponds provide little water quality treatment, but
may provide some infiltration, depending on the underlying soils.

Peak Flow Reduction BMPs

Dry Detention Pond

Dry Detention Pond
PEAK FLOW REDUCTION BMPS

BEST USED FOR
1. Peak flow reduction
2. Areas where wet detention or wetland bottom detention ponds are not desirable, such as near
airports

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. Possibly safety issues with children.
b. Ponds become less efficient when available space is narrow. The required footprint for a
pond is relatively large after side slopes considered.
c. Need sufficient bottom slope or underdrain to ensure dry bottom.
2. General
a. Former uses of proposed site - groundwater contamination risks.
b. Type of runoff at proposed site - groundwater contamination risks.
c. Separation from groundwater - contamination, functional risks.
d. Structural stability of soil at proposed site - unstable soils may cause embankment failure.

PUBLISHED GUIDANCE:
Wisconsin Department of Natural Resources Conservation Practice Standard 1001: Wet Detention Pond although this standard is for wet ponds, many design elements can be used in dry pond design
Wisconsin NRCS Conservation Practice Standard 378: Pond
Center for Watershed Protection: Dry Extended Detention Pond
EPA Fact Sheet: Dry Detention Ponds

R.A. Smith National, Inc. Aug-11
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VOLUME
REDUCTION
BMPS
1. Infiltration Basin
2. Rain Garden
3. Bioretention for Infiltration
4. Vegetated Infiltration Swale
5. Infiltration Trench
6. Permeable Bituminous Concrete Pavement
7. Permeable Portland Cement Concrete Pavement
8. Permeable Pavers
9. Subsurface Infiltration
10. Pavement Reduction

INFILTRATION
BASIN
Volume Reduction BMPs
OVERVIEW
Infiltration basins are open impoundments created either by
excavation or embankment with a flat vegetated bottom dedicated
to infiltration of stormwater runoff through the ground surface. Soil at
the bottom of the basin is generally native soil, unlike bioretention,
which uses engineered soil mixes. Infiltration basins require
pretreatment of stormwater, so they should be paired with
pretreatments BMPs. By definition, infiltration basins are at least 15feet wide in their minimum dimension.

Volume Reduction BMPs

Infiltration Basin

Infiltration Basin
VOLUME REDUCTION BMPS

BEST USED FOR
1. Stormwater runoff volume and peak flow reduction
2. Runoff thermal impact mitigation
3. Groundwater recharge / preserve base flow in streams

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. Pretreatment required. Additional space and proper geometry will be required.
b. Plantings may be damaged by heavy loading of salt-based deicers.
c. Snow should not be stored on basin.
d. Should not be hydraulically connected to building foundations or utility trenches.
e. Should not be located on or at the top of steep slopes.
2. General
a. Type of soil at proposed site - minimum infiltration rate required.
b. Former uses of proposed site - groundwater contamination risks.
c. Type of runoff at proposed site - groundwater contamination risks.
d. Separation from groundwater - contamination and functional risks.
e. Try to infiltrate the cleanest water on the site.
f. Suggested pretreatment.
i) Grass swales.
ii) Wet detention ponds.

PUBLISHED GUIDANCE:
Wisconsin Department of Natural Resources Conservation Practice Standard 1002: Site Evaluation for
Stormwater Infiltration
Wisconsin Department of Natural Resources Conservation Practice Standard 1003: Infiltration Basin

R.A. Smith National, Inc. Aug-11

Page 1

Volume Reduction BMPs

Infiltration Basin

SAMPLE DETAIL
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Infiltration Basin
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Infiltration Basin
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RAIN GARDEN
Volume Reduction BMPs
OVERVIEW
Rain gardens are landscaped areas constructed to capture roof
stormwater runoff and infiltrate it to the native ground. Although rain
gardens are often used in residential applications, they can be used
for roof runoff from small non-residential buildings.
Rain gardens are not engineered systems and do not use engineered
soil - this is a fundamental difference between rain gardens and
bioretention basins defined by DNR Conservation Practice Standard
1004: Bioretention for Infiltration. Rain gardens would not be
appropriate for parking lots, busy streets, or other heavily used
paved areas where stormwater runoff would likely contain pollutants
requiring pretreatment prior to infiltration.

Volume Reduction BMPs

Rain Garden

Rain Garden
VOLUME REDUCTION BMPS

BEST USED FOR
1. Rooftop stormwater runoff volume reduction
2. Groundwater recharge / preserve base flow in streams

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. At least 10-feet from building foundations.
b. Not directly over septic sewer system.
c. Full or partial sun.
d. Basins usually have a 'natural vegetation' look - may not be appropriate everywhere.
2. General
a. Former uses of proposed site - groundwater contamination risks.
b. Separation from groundwater - contamination and functional risks.
c. Can infiltrate roof runoff; not parking lots.

PUBLISHED GUIDANCE:
Wisconsin Department of Natural Resources / University of Wisconsin - Extension: Rain Gardens - A Howto Manual for Homeowners
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Volume Reduction BMPs

Rain Garden

SAMPLE DETAIL
Details from Milwaukee County projects.

Page 2

R.A. Smith National, Inc. Aug-11

Volume Reduction BMPs
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Rain Garden
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Volume Reduction BMPs
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Rain Garden
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Volume Reduction BMPs

Rain Garden

SAMPLE PICTURE

Humboldt Park
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BIORETENTION
FOR
INFILTRATION
Volume Reduction BMPs
OVERVIEW
Bioretention basins consist of an area that is excavated and replaced
with an engineered soil mix, mulch, and plantings. Stormwater is
directed to the basin, and as it filters through the vegetation, mulch,
and engineered soil it is treated by a variety of physical, chemical,
and biological processes before it is infiltrated into the native soils
below the engineered soil.
Bioretention basins differ from infiltration basins in that they provide
water quality as well as infiltration, and are typically smaller in size,
serving smaller drainage basins. Unlike rain gardens, bioretention
basins are engineered systems that can receive runoff from non-roof
areas providing water quality improvement.
Although primarily used as an infiltration device, bioretention basins
can also be designed primarily as a water quality device in areas
with less pervious soil, by including underdrains in the design.

Volume Reduction BMPs

Bioretention for Infiltration

Bioretention for Infiltration
VOLUME REDUCTION BMPS

BEST USED FOR
1.
2.
3.
4.

Stormwater runoff volume reduction
Stormwater quality improvement
Runoff thermal impact mitigation
Groundwater recharge / preserve base flow in streams

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. Suggested minimum basin bottom area is 10'x15'. Consider the effect of side slopes on
basin footprint when selecting basin location.
b. Plantings may be damaged by heavy loading of salt-based deicers.
c. Snow should not be stored on basin.
d. Basins usually have a 'natural vegetation' look.
e. Some pretreatment will extend basin life - additional space will be required.
f. Should not be hydraulically connected to building foundations or utility trenches.
g. Should not be located on or at the top of steep slopes.
2. General
a. Former uses of proposed site - groundwater contamination risks.
b. Type of runoff at proposed site - groundwater contamination risks.
c. Separation from groundwater - contamination and functional risks.
d. Try to infiltrate the cleanest water on the site.
e. Underdrains are critical to basin performance in areas with poorly draining soils.

SUGGESTED PRETREATMENT
(not required but will extend the basin life)
1.
2.
3.
4.

Sump inlet
Small riprap
Level spreader or multiple inlet locations
Filter strip

R.A. Smith National, Inc. Aug-11
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Volume Reduction BMPs

Bioretention for Infiltration

PUBLISHED GUIDANCE:
Wisconsin Department of Natural Resources Conservation Practice Standard 1002: Site Evaluation for
Stormwater Infiltration
Wisconsin Department of Natural Resources Conservation Practice Standard 1004: Bioretention for
Infiltration

SAMPLE DETAILS
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Volume Reduction BMPs
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Bioretention for Infiltration
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Bioretention for Infiltration
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Volume Reduction BMPs
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Bioretention for Infiltration
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Bioretention for Infiltration
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Volume Reduction BMPs
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Bioretention for Infiltration
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Volume Reduction BMPs

Bioretention for Infiltration

SAMPLE PICTURE

Bradford Beach bioretention basin
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Volume Reduction BMPs

Bioretention for Infiltration

Morton Arboretum, Lisle Illinois

Morton Arboretum, Lisle Illinois
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Volume Reduction BMPs

Bioretention for Infiltration

Morton Arboretum, Lisle Illinois

SAMPLE PLANTING SPECS
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Milwaukee County bioretention basin sample planting specifications

SECTION 02905
NATIVE PLANTINGS

PART 1 GENERAL
1.1

SUMMARY
A. The work in this section includes, but is not necessarily limited to, providing the labor,
materials, equipment and supervision required to install topsoil, native plantings and
seeding as well as maintenance during the establishment of plantings as indicated on
the plans.
B. Related Sections:
1. Section 02200 – Earthwork
2. Section 02924 – Topsoil & Seeding
3. Section 02960 – Coconut Fiber Roll

1.2

MEASUREMENT AND PAYMENT:
A. Native Plants: Per each. Furnished and installed including preparation of planting bed,
planting, staking, watering, and maintaining for the specified period for each specified
plant as shown on the drawings and specified herein.

1.3

REFERENCES
A. All materials shall comply with the following references:
1. Curtis, J. 1959. Vegetation of Wisconsin. University of Wisconsin Press, Madison,
WI.
2. Fossett, N.C. 1975. A Manual of Aquatic Plants. University of Wisconsin Press,
Madison, WI.
3. Fossett, N.C. 1976. Spring Flora of Wisconsin. University of Wisconsin Press,
Madison, WI.
B. “State Specifications”: State of Wisconsin Department of Transportation, “Standard
Specifications for Road and Bridge Construction,” 2003 Edition, including any
subsequent Supplemental Specifications.
C. “Standard Specifications”: “Standard Specifications for Sewer and Water Construction
in Wisconsin”, 5th Edition, March 1, 1988 including Addendum No. 1, January 2, 1992,
and Addendum No. 2, March 1, 1999.

1.4

DEFINITIONS
A. Weeds: Vegetative species other than specified species to be established in given area.
02905-1
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1.5

SUBMITTALS
A. Submit in accordance with Section 01330 – Submittal Procedures.
B. Planting Plan
1. Provide a list (schedule) of quantities and location for each species to be planted
according to area within each park. Do not order plants until schedule is
approved.
C. Product Data:
1. List indicating source of plant material to be provided, at least 4 weeks prior to
planting.
2. Fill Soil: Provide data and sample on salvaged and imported fill soil.
D. Maintenance Instructions: Prior to end of maintenance period, furnish 2 copies of
typed maintenance instructions recommending procedures to be established by
Owner for maintenance of landscape Work for one year.
E. Certificates: Inspection certificates required by federal, state, or other governing
agency shall accompany each shipment. Plant material shall comply with State of
Wisconsin and federal laws with respect to inspection for plant diseases and insect
infestation.
F. Qualifications of the Subcontractor. Successful completion of a minimum of 3 projects
of similar scope.

1.6

CLOSEOUT SUBMITTALS
A. Submit in accordance with Section 01700 ‐ Execution Requirements: Closeout
Procedures.
B. Maintenance Data: Include maintenance instructions, cutting method, type,
application frequency and recommended coverage of fertilizer.
C. Submit for continuing Owner maintenance.

1.7

QUALITY ASSURANCE
A. Qualifications:
1. Contractor or Subcontractor shall be company specializing in native landscaping
installation.
2. Perform planting by personnel familiar with accepted native landscape planting
procedures. Qualified foreman, representing Subcontractor, shall be on‐site
during planting procedures.
02905-2
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3. Qualifications of the wetland subcontractor shall be submitted in accordance with
Section 01300.
B. Ability to Deliver:
1. Investigate sources of supply and confirm they can supply plants mentioned on
plant list in sizes, variety, and quality noted and specified before submitting bid.
Failure to take this precaution will not relieve responsibility for furnishing and
installing plant material in accordance with Contract requirements.
2. Substitutions may be permitted only upon submission of written proof that
specified plant is not obtainable locally. Such substitution may be made upon
written authorization by Engineer. Adjustments will be made at no additional cost
to Owner. Bare root plants may be substituted for rootstock.
3. Provide plants shown on Drawings in quantity and size designated.
C. Inspection:
1. Engineer may inspect plant material at nursery. Such inspection shall be in
addition to inspection at job site.
2. Upon delivery and before planting, Engineer will inspect plants.
3. Inspection and approval is for quality, size, and variety only, and in no way impairs
right of rejection for failure to meet other requirements during progress of Work.
4. Contractor shall be present during required inspections or as may be required by
Engineer.
1.8

DELIVERY, STORAGE, AND HANDLING
A. Conform with Section 01600 – Product Requirements
B. Preparation for Delivery
1. Provide container to hold ball shape protecting root mass and structure during
deliver and handling.
2. Roots shall be white and developed.
3. Roots shall be kept cool and moist and out of sun and wind.
4. Follow nursery guidelines.
C. Delivery:
1. Schedule shipping to minimize on‐site storage of materials.
2. Take precautions in accordance with best trade practices and nursery
recommendations to ensure arrival of material at job site in good condition and
without injury. Cover plants to prevent freezing, drying, transit injury, or other
exposure. During shipment, plants shall not be bent, stacked, or bound in a
manner that damages or destroys natural shape.
3. Notify Engineer 24 hrs before delivery of plant material.
4. Each shipment shall be accompanied by invoice showing sizes and varieties
included.
i.

Provide copy of invoice to Engineer upon delivery of plant material.
02905-3
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ii.

Failure to notify Engineer in advance, in order to arrange proper scheduling
may result in loss of time or removal of plant material not installed as
specified.

D. Temporary Storage:
1. Storage of Plant Material:
i.
ii.
iii.
iv.

Set plants which are not to be planted within 4 hrs, on ground and heal in
with peat, soil, mulch or other approved media.
Protect roots of plant material from drying or other possible injury.
Water plants as necessary until planted.
Plants shall not remain unplanted for longer than 2 days.

2. Storage of Materials: Store fertilizer, humus, and spray materials in weatherproof
storage areas and in such manner their effectiveness will not be impaired.
1.9

PROJECT/SITE CONDITIONS
A. Inspection:
1. Prior to beginning Work, Contractor shall examine and verify acceptability of
project site for conditions under which Work will be performed. Do not proceed
with Work until unsatisfactory conditions have been corrected.
2. Starting Work constitutes acceptance of conditions under which Work is to be
performed. After such acceptances, Contractor shall be responsible for correcting
unsatisfactory and defective Work resulting from such unsatisfactory conditions.
B. On‐site sources of water will be arranged for by Contractor.
C. Plant when weather and soil conditions are suitable in accordance with best practices
of industry.
D. When landscape work is executed in conjunction with construction of other work,
coordinate schedule to permit execution of landscape work.

1.10 WARRANTY
A. Contractor agrees to a 2‐year warranty for all plantings. During 2‐year correction
period Contractor shall replace plants which have died, or is in dying condition, or
which has failed to flourish so its usefulness or appearance has been impaired.
1. Replacement and Damages:
i.
ii.

Decisions of Engineer and Owner for required replacements shall be
conclusive and binding upon Contractor.
Contractor is responsible for repairing damage to property also caused by
defective workmanship and materials.

2. Exclusions:
02905-4
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i.

Contractor is not liable for replacement cost of plants damaged by adverse
weather conditions, fertilizers, pesticides or other materials not specified in
Contract Documents or not applied by Contractor under Contractor's
supervision, by relocating or removal by others, by acts of God, or by
vandalism, and losses due to curtailment of water by local authorities.

1.11 REPLACEMENTS
A. Plants which have died prior to inspection for substantial completion shall be replaced.
B. Plants which die or require replacement for other reasons during two‐year correction
period shall be replaced as soon as possible during following planting seasons.
C. Procedure:
1. Dispose of plants off‐site.
2. Replacements shall be of same size and species as original plant unless otherwise
approved by Engineer.
3. Replacements shall be supplied and installed in accordance with Specifications.
4. Restore areas damaged by replacement operations to original condition.
5. Notify Engineer at conclusion of replacement program.
6. Engineer will conduct inspection of replacements for determining final acceptance.

PART 2

2.1

PRODUCTS

PLANT SPECIMENS
A. General:
1. Plant material shall be nursery grown unless otherwise specified or approved in
writing by Engineer. Plants shall have been grown within same hardiness zone as
Project site or acclimated to conditions of same hardiness zone for minimum of
2 growing seasons. Hardiness zones shall conform to "Zones of Plant Hardiness"
as provided by U.S. Department of Agriculture.
2. Unless specifically noted otherwise, plants shall be of selected specimen quality;
have normal habit of growth; and be sound, healthy, vigorous plants with well
developed root systems. Plants shall be free of disease, insect pests, their eggs or
larvae, and injuries.
3. Plant name and Size:
i.
ii.
iii.

Measure plants when branches are in normal position.
If range of size given, no plant shall be less than minimum size and not less
than 50% of plants shall be as large as upper half of range specified.
Measurements specified are minimum size acceptable and are
measurements after pruning, where pruning required. Plants meeting
02905-5
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iv.

v.

measurements specified, but not producing normal balance between height
and spread, shall be rejected.
Plants shall be true to species and variety and conform to measurement
specified in Plant Schedule, except plants larger than specified may be used
if approved by Engineer. Use of such plants shall not result in increase in
Contract Price. If larger plants are approved, increase ball of each in
proportion to size of plant.
Where plants larger than specified have been submitted in writing for
approval and approved in writing by Engineer, Contractor shall assume
responsibility of guarantee for plant in size as planted.

.
B. Container Plants (Designated Cont.):
1. Container grown plants shall have heavy fibrous root system, or well developed
tap root, developed by proper horticultural practice including transplanting and
root pruning, and shall have grown in container for at least one growing season.
2. Root system shall have developed sufficiently long for new fibrous roots to
develop so root mass will retain its shape and hold together when removed from
container.
3. Container shall not strangle or girdle natural growth of plant. Plants, other than
ground covers, over‐established in container as evidenced by pot‐bound root
ends, will be rejected.

C. Bioretention Plantings: The Contractor shall provide equal numbers of 75% or more of
the following species to be installed in Bioretention areas in accordance with the
spacing and quantities listed on the plans. All plugs shall be at least one (1) year old
and a minimum plug size of 2 ½ x 3 inches.

Botanical Name
Rudbeckia subtomentosa
Rudbeckia triloba
Physostegia virginiana
Monarda fistulosa
Solidago graminfolia
Pycnanthemum virginianum
Aster laevis
Asclepias tuberose
Tradescantia ohiensis
Andropogon scoparius
Helianthus Grosseserratus
Aster Novae‐Angliae
Dodecatheon Meadia
Echinacea Pallida
Liatris Pycnostachya
Ratibida Pinnata

Common Name
Sweet Black‐eyed Susan
Brown‐eyed Susan
Obedient Plant
Wild Bergamot
Grass leaved Goldenrod
Mountain Mint
Smooth Blue Aster
Butterfly Weed
Common Spiderwort
Little Blue Stem
Sawtoothed Sunflower
New England Aster
Shooting Star
Pale Purple Coneflower
Prarie Blazingstar
Yellow Coneflower
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Bouteloua curtipendula
Elymus Canadensis
Calamagrostis Canadensis
Sorgastrum nutans
Panicum virgatum

2.2

MULCH

PART 3
3.1

Sideoats grama
Canada Wild Rye
Bluejoint grass
Indiangrass
Switchgrass

A.

Mulching material for seeded areas: Clean and dry oat or wheat straw, free
from weeds, foreign matter detrimental to plant life. Hay or chopped cornstalks
are not acceptable.

B.

Mulch for areas planted with plugs: heat‐treated shredded hardwood.

EXECUTION

EXAMINATION
A. Section 01300 ‐ Administrative Requirements: Verification of existing conditions
before starting work.
B. Verify prepared soil base is ready to receive the Work of this section.
C. Examine areas and conditions under which seeding and planting is to be performed
and notify Engineer, in writing, of conditions detrimental to proper and timely
completion of Work.
D. Do not begin ground preparation until boulders, debris, and similar materials
removed; depressions and ruts filled; and entire area to be planted is shaped,
trimmed, and finished uniformly to lines, grades, and cross‐sections shown on plans.
E. Do not proceed with Work until any unsatisfactory conditions are corrected.

3.2

FILL SOIL
A. Determine quantity and furnish fill soil, as required, to attain final grade in accordance
with drawings and specifications.
B. Place soil during dry weather and on dry unfrozen subgrade.
C. After fill is spread, inspect fill and remove vegetable matter and foreign non‐organic
material from soil while spreading. Remove stones ½” inch or larger.
D. Grade soil to eliminate rough, low or soft areas and to ensure positive drainage.
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E. Finish grade is established final grade as shown on drawings. Grades not otherwise
indicated are uniform levels or slopes between points where elevations given.

3.3

SITE PREPARATION
A. Finish Grading:
1. Provide smooth continual grades without dips and pockets where water may
stand. Provide positive drainage.
2. Correct surface irregularities produced by preceding operations or other cause.
3. Finish grades and earth mounds shall be approved by Engineer.
4. Remove surface protrusions, debris, sharp objects, trees, stumps, or large roots
prior to tilling.
B. Herbicide Application:
1. Areas for plantings and seeding shall be free of grass or weeds. Apply Round Up
Weed and Grass Killer (or approved other) per manufacturers application rate one
and a half weeks prior to planned planting and seeding. One half week before
plantings touch up areas with Round Up Weed and Grass Killer that have not
begun to wilt.
C. Tilling:
1. Prepare areas to be planted and seeded to required depth of approximately 4‐6
inches by discing, harrowing, or other approved means.
2. Continue tilling until soil is in approximately 1 inch diameter particles.
D. Cleanup:
1. After completion of tilling operations, remove stones larger than 3/4 inch, stumps,
roots, brush, wire, grade stakes, construction materials, and other objects
hindering planting, installation, and maintenance operations.
2. Keep adjacent paved areas broom clean.
3. Remove and dispose of soil or other materials brought to surface from site.

3.4

PLANTING AND SEEDING
A. Plant and Seed Installation:
1. April 1 to June 1 installation of all plants.
2. Weather conditions within season shall govern actual planting periods.
B. Site Conditions:
1. Do not plant or seed prior to completion of finish grading.
2. Do not plant or seed on saturated or frozen soil.
3. Do not sow seed during high winds.
4. Scarify and cultivate ground until surface smooth, friable, and uniformly fine
texture immediately before seed in sown.
C. Plant Installation:
1. Plant plugs 4‐6 inches into moist soil as designated on the plans.
2. Follow nursery recommendations for rootstock and container plant plantings.
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D. Mulching
1. For areas planted with plugs: Spread mulch over area in thickness shown on
drawings.

3.5

MAINTENANCE
A. General:
1. Contractor shall maintain all planted areas for a 24‐month warranty period.
2. Maintain all plantings beginning at installation and until final completion.
3. During each 12‐month period, Contractor shall remove weeds from planted area
at least three times during that period.
4. Repair work necessitated by Contractor’s operations, Contractor’s failure to
perform adequate maintenance or Contractor’s negligence shall be performed
without cost to Owner.
5. Provide to the Owner a recommended vegetation maintenance program which
incorporates noxious weed (Canadian thistle and reed canary grass) and cattail
control as well as native vegetation enhancement procedures.
B. Watering:
1. Water planted areas within 24 hrs after planting.
2. Keep planted area moist. In the event of extremely dry weather or drought, some
watering may be required. Consult with Engineer and alter watering program as
necessary to match specific water patterns occurring during maturation periods.
3. If needed, provide a minimum of one (1) inch of water over all planted areas once
per week for the first six (6) weeks following planting. If fall planted, this required
six (6) week watering schedule shall commence on June 1st of the following year.
4. Provide up to four (4) additional, supplemental waterings as requested by the
Owner.
5. Supplemental watering will be required the first season so that plants receive
approximately 1 inch of water per week. Water in morning. Do not water
frequently in small amounts.
6. Second season: Provide supplemental watering in times of drought.
7. Wet meadow and wetland species will be in the saturated soils zone and should
not need watering.
C. Weeding: Diligent weeding during the 24‐month period. No fertilizing required. In
Fall, leave standing dried vegetation in place. In Spring, cut back dried vegetation from
previous year to within 1‐2 inches from ground.
D. Protection:
1. Protect seeded and planted areas against damage by trespass and other Work
until substantial completion.
2. Include temporary protection, fences and barriers, signs, and other Work
incidental to proper maintenance.
3. Shoreland and upland prairie planting areas shall be surrounded by 4‐foot high
black plastic construction fencing for a period of one‐year. See Section 02830‐
Waterfowl Exclusion Fence for fence requirements.
4. Protect planted areas against damage by trespass and other causes until final
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completion.
5. Protect existing property and improvements within this site and those adjacent to
Owner’s property.
6. Repair damage created by operations.
7. Replace, repair, restake or replant lawn or plantings which are damaged. Areas
damaged by Contractor’s operations outside landscape limits shall be restored at
Contractor’s expense.
8. Contractor is liable for damage to planted areas caused by deicing compounds,
toxic substances, fertilizers, pesticides, and other materials applied by Contractor.
Contractor is not liable for materials applied by others or damage caused by
vandalism or acts of God.
E. Conform to Section 01700.

3.6

FIELD QUALITY CONTROL
A. Preliminary Installation Meeting: A pre‐installation meeting at the project site with the
contractor, Project Engineer and Landscape Architect is mandatory. The Project
Engineer and the Landscape Architect will conduct this meeting. Planting arrangement
plan and procedures will be reviewed. Any discrepancies, problems, or questions shall
be reviewed and solved before commencement of any work under this Section.
B. Preliminary Planting Acceptance:
1. Notify Engineer when planted and seeded areas are ready for final inspection.
2. Final completion will be granted upon conformance with following.
i.
Upland and side slope areas display uniform coverage, with an average of
four native seeded plants per square foot after one full growing season,
based on 30 randomly located plots.
ii.
Planted live plants are established upright, green and exist as indicated on
plans.
3. Upon final completion of native vegetation, Owner will be responsible for
maintenance.

3.7

OTHER HERBICIDE APPLICATION
A. Any herbicide application other than the Round Up Weed and Grass Killer applications
prior to planting and seeding shall be approved by the Engineer.
B. Herbicide application must be completed a minimum of 14 days prior to stripping
topsoil in accordance with manufacturer’s suggested application rate, stage of growth,
and weather conditions. Herbicide application shall be conducted in the presence of
the Engineer. Herbicide shall not be applied during wind or rain; and if it rains within
24 hours of the herbicide, will be reapplied at no cost to the Owner.

END OF SECTION
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VEGETATED
INFILTRATION
SWALE
Volume Reduction BMPs
OVERVIEW
Vegetation infiltration swales are stormwater conveyance systems
specifically designed to infiltrate stormwater. Although designed
primarily for stormwater volume reduction, vegetated infiltration
swales also provide some stormwater quality improvement and peak
flow reduction.
Like all stormwater infiltration systems, the effectiveness of the
practice is largely dependent on the underlying soil.

Volume Reduction BMPs

Vegetated Infiltration Swale

Vegetated Infiltration Swale
VOLUME REDUCTION BMPS

BEST USED FOR
1. Stormwater runoff volume reduction
2. Runoff thermal impact mitigation
3. Groundwater recharge / preserve base flow in streams

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. Pretreatment required. Additional space and proper geometry will be required.
b. Plantings may be damaged by heavy loading of salt-based deicers.
c. Snow should not be stored on basin.
d. Should not be hydraulically connected to building foundations.
2. General
a. Type of soil at proposed site - minimum infiltration rate required.
b. Former uses of proposed site - groundwater contamination risks.
c. Type of runoff at proposed site - groundwater contamination risks.
d. Separation from groundwater - contamination and functional risks.
e. Try to infiltrate the cleanest water on the site.
f. Suggested pretreatment.
i) Grass swales.
ii) Wet detention ponds.
iii) Vegetated filter strips.

PUBLISHED GUIDANCE:
Wisconsin Department of Natural Resources Conservation Practice Standard 1002: Site Evaluation for
Stormwater Infiltration
Wisconsin Department of Natural Resources Conservation Practice Standard Interim Technical Standard
1005: Vegetated Infiltration Swale
EPA Fact Sheet: Grassed Swales
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Volume Reduction BMPs

Vegetated Infiltration Swale

SAMPLE PICTURE
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INFILTRATION
TRENCH
Volume Reduction BMPs
OVERVIEW
An infiltration trench stores stormwater runoff in gravel or gravel
surrounding a pipe within a trench to allow stormwater time to
infiltrate into native soil. Infiltration trenches are less than 15-feet
wide and typically longer than they are wide. Although infiltration
trenches can fit into narrow spaces adjacent to parking lots, they
require pretreatment of stormwater runoff prior to entering the
device, which requires more space. With the use of perforated
pipes within the gravel, these systems are similar to underground
infiltration systems.

Volume Reduction BMPs

Infiltration Trench

Infiltration Trench
VOLUME REDUCTION BMPS

BEST USED FOR
1.
2.
3.
4.

Infiltrating drainage from landscaped areas or rooftop
Stormwater runoff volume and peak flow reduction
Runoff thermal impact mitigation
Groundwater recharge / preserve base flow in streams

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. Pretreatment required for non-roof areas. Additional space and proper geometry will be
required.
b. Snow should not be stored on basin.
c. Should not be hydraulically connected to building foundations or utility trenches.
should not be located on or at the top of steep slopes.
2. General
a. Type of soil at proposed site - minimum infiltration rate required.
b. Former uses of proposed site - groundwater contamination risks.
c. Type of runoff at proposed site - groundwater contamination risks.
d. Separation from groundwater - contamination and functional risks.
e. Try to infiltrate the cleanest water on the site.
f. Suggested pretreatment.
i) Grass swales.
ii) Wet detention ponds.

PUBLISHED GUIDANCE:
Wisconsin Department of Natural Resources Conservation Practice Standard 1002: Site Evaluation for
Stormwater Infiltration
Wisconsin Department of Commerce Conservation Practice Standard (Draft 08/13/10, number TBD):
Infiltration Trench
"Infiltration Trench Planning, Design, and Installation" presentation by Bryan Hartsook, Wisconsin
Department of Natural Resources, presented March 2009
EPA Fact Sheet: Infiltration Trench
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PERMEABLE
BITUMINOUS
PAVEMENT
Volume Reduction BMPs
OVERVIEW
Permeable bituminous concrete pavement is standard hot-mix asphalt
with reduced fines to allow stormwater to run through. Typically
under the asphalt is a relatively thin paving platform of chip stones
over a deep reservoir of clean washed stone. The section allows
stormwater to flow through the asphalt into the reservoir section,
where the water is stored until it has time to infiltrate into the
underlying native soil. Pavement thickness is usually one-half to one
inch thicker than a typical pavement section.
Porous asphalt has been installed for many years in cold climates with
success, including the Milwaukee area. One example is the Hart Park
parking lot. Local paving contractors can provide guidance on design
and construction tailored for this area.
Cost of the asphalt is 25% to 50% more than a typical asphalt cost,
not including the cost of additional base material for stormwater
storage. Higher installation costs may be offset by the reduced need
for storm sewer or other stormwater management systems.
Maintenance requirements include pavement vacuuming and jet
washing semi-annually and no sealing. No sand should be used
during snow removal, but melting snow and ice drain directly into the
pavement, so less deicing is required.

In addition to allowing stormwater to infiltrate, porous asphalt allows
aeration of soils, a benefit to tree roots, and provides a water quality
benefit as the asphalt acts as a filter.

Volume Reduction BMPs

Permeable Bituminous Pavement

Permeable Bituminous Pavement
VOLUME REDUCTION BMPS

BEST USED FOR
1.
2.
3.
4.

Stormwater runoff volume and peak flow reduction
Runoff thermal impact mitigation
Groundwater recharge / preserve base flow in streams
Storm water quality improvement

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. Often used in lower use parking areas if there are concerns about durability.
b. Should not be hydraulically connected to building foundations.
2. General
a. Type of soil at proposed site - minimum infiltration rate required (or underdrain required).
b. Former uses of proposed site - groundwater contamination risks.
c. Type of runoff at proposed site - groundwater contamination risks.
d. Separation from groundwater - contamination, functional risks.

PUBLISHED GUIDANCE:
Wisconsin Department of Natural Resources Conservation Practice Standard 1002: Site Evaluation for
Stormwater Infiltration
Porous Asphalt Pavements, National Asphalt Pavement Association Information Series 131, 2003
Porous Pavements, Bruce K. Ferguson, CRC Press, 2005
EPA Fact Sheet: Porous Asphalt Pavement
EPA Fact Sheet: Green Parking
Center for Watershed Protection: Stormwater Management Fact Sheet: Porous Pavement
University of New Hampshire Stormwater Center: Winter Maintenance Guidelines for Porous Pavement
Winter Maintenance
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Volume Reduction BMPs

Permeable Bituminous Pavement

SAMPLE PICTURE

Parking spots paved with pervious asphalt appear dull as rain does not pond on surface

Hose water infiltrates into permeable pavement
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PERMEABLE
PORTLAND
CEMENT
CONCRETE
PAVEMENT
Volume Reduction BMPs
OVERVIEW
Permeable Portland Cement Concrete Pavement is cast in place
single-sized aggregate bound together by Portland cement. It can be
used in place of standard Portland concrete pavement for sidewalks,
parking lots, and residential streets. However, its long term durability
in cold climates has not been proven (Ferguson, 2005), and there
have been some problems with pilot projects in the Milwaukee area
(such as at Hart Park).
The intent of porous concrete is similar to other pervious pavements stormwater infiltrates into the pavement and is stored in a clean-wash
gravel area under the pavement until it has time to infiltrate into the
underlying soil.
Maintenance requirements include pavement vacuuming and jet
washing semi-annually. No sand should be used during snow removal,
but melting snow and ice drain directly into the pavement, so less
deicing is required.

In addition to allowing stormwater to infiltrate, porous pavement
allows aeration of soils, a benefit to tree roots, and provides a water
quality benefit as the pavement acts as a filter.

Volume Reduction BMPs

Permeable Portland Cement Concrete Pavement

Permeable Portland Cement
Concrete Pavement
VOLUME REDUCTION BMPS

BEST USED FOR
1.
2.
3.
4.

Stormwater runoff volume and peak flow reduction
Runoff thermal impact mitigation
Groundwater recharge / preserve base flow in streams
Stormwater quality improvement

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. Often used in lower use parking areas if there are concerns about durability.
b. Should not be hydraulically connected to building foundations.
2. General
a. Type of soil at proposed site - minimum infiltration rate required (or underdrain required).
b. Former uses of proposed site - groundwater contamination risks.
c. Type of runoff at proposed site - groundwater contamination risks.
d. Separation from groundwater - contamination and functional risks.

PUBLISHED GUIDANCE:
Wisconsin Department of Natural Resources Conservation Practice Standard 1002: Site Evaluation for
Stormwater Infiltration
Mix Design Development for Pervious Concrete in Cold Weather Climates, National Concrete Pavement
Technology Center, 2006
Porous Pavements, Bruce K. Ferguson, CRC Press, 2005
EPA Fact Sheet: Pervious Concrete Pavement
EPA Fact Sheet: Green Parking
Center for Watershed Protection: Stormwater Management Fact Sheet: Porous Pavement
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Volume Reduction BMPs

Permeable Portland Cement Concrete Pavement

SAMPLE PICTURE

Dineen Park
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PERMEABLE
PAVERS
Volume Reduction BMPs
OVERVIEW
Permeable pavers are impermeable paving stones manufactured to
provide open joints between the stones. It is the gravel in the open
joints between the pavers that provide the infiltration capability.
There are many varieties and brands of permeable pavers.
Typically under the blocks is a deep reservoir of clean washed stone.
The pavers allow stormwater to flow into the reservoir section, where
the water is stored until it has time to infiltrate into the underlying
native soil.
Permeable pavers have been installed in cold climates with success,
including in the Milwaukee area. One example is the Joesy Heights
Subdivision, near 12th and Lloyd Street. Local permeable paver
suppliers can provide guidance on design and construction tailored
for this area.
Permeable pavers can be designed to carry heavy loads; one
example is the Morton Arboretum, Lisle Illinois, where permeable
pavers have held up to tour bus traffic for over a decade. Although
the initial cost is more than other paving alternatives, well installed
permeable pavers hold up over time. Permeable paver installation
cost may be offset by reduced need for storm sewer or alternative
stormwater management systems.
Maintenance requirements include vacuuming and jet washing semi-

annually. No sand should be used during snow removal, but melting
snow and ice drain directly into the pavement, so less deicing is
required. Permeable pavers can be snowplowed normally.
In addition to allowing stormwater to infiltrate, permeable pavers
allow aeration of soils, a benefit to tree roots, and provides a water
quality benefit as the permeable pavers act as a filter.

Volume Reduction BMPs

Permeable Pavers

Permeable Pavers
VOLUME REDUCTION BMPS

BEST USED FOR
1.
2.
3.
4.

Stormwater runoff volume and peak flow reduction
Runoff thermal impact mitigation
Groundwater recharge / preserve base flow in streams
Stormwater quality improvement

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. Often used in low to medium use parking and road areas if there are concerns about
durability.
b. Should not be hydraulically connected to building foundations.
2. General
a. Type of soil at proposed site - minimum infiltration rate required (or underdrains
required).
b. Former uses of proposed site - groundwater contamination risks.
c. Type of runoff at proposed site - groundwater contamination risks.
d. Separation from groundwater - contamination and functional risks.

PUBLISHED GUIDANCE:
Wisconsin Department of Natural Resources Conservation Practice Standard 1002: Site Evaluation for
Stormwater Infiltration
Porous Pavements, Bruce K. Ferguson, CRC Press, 2005
Design guidelines available from Interlocking Concrete Pavement Institute
EPA Fact Sheet: Permeable Interlocking Concrete Pavement
EPA Fact Sheet: Green Parking
Center for Watershed Protection: Stormwater Management Fact Sheet: Porous Pavement Factsheet
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Volume Reduction BMPs

Permeable Pavers

SAMPLE DETAIL

schematic detail from Interlocking Concrete Pavement Institute website
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Volume Reduction BMPs

Permeable Pavers

SAMPLE PICTURE

Milwaukee County Zoo
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SUBSURFACE
INFILTRATION
Volume Reduction BMPs
OVERVIEW
Subsurface stormwater infiltration can be accomplished in a number
of ways, but generally involves the collection of stormwater runoff in
pipes and washed stone underground, storing the water long enough
to allow it to infiltrate into the native ground. These systems are
similar to infiltration trenches, but generally much larger in size,
especially width. Pipes provide much more storage than stone, so
large diameter perforated pipe is often used, or open bottom plastic
arch pipe.
These systems are much more expense to construct and maintain than
open infiltration basins, so are often used when land costs are high
and space is not available for open air infiltration.
Many of the same design considerations that apply to infiltration
basins also apply to underground infiltration. However, because
remediation of clogged infiltration surfaces is much more difficult in
underground systems, the pretreatment of stormwater to remove total
suspended solids prior to introduction into the infiltration system is
even more critical.

Volume Reduction BMPs

Subsurface Infiltration

Subsurface Infiltration
VOLUME REDUCTION BMPS

BEST USED FOR
1. Stormwater runoff volume and peak flow reduction
2. Runoff thermal impact mitigation
3. Groundwater recharge / preserve base flow in streams

KEY DESIGN FACTORS TO CONSIDER:
1. Locating
a. Pretreatment required. Additional space and proper geometry will be required.
b. Parking lot storm sewer should be routed to pretreatment, not directly to underground
infiltration system.
c. System may conflict with existing or proposed site utilities.
d. Should not be hydraulically connected to building foundations or utility trenches.
e. Should not be located on or at the top of steep slopes.
2. General
a. Type of soil at proposed site - minimum infiltration rate required.
b. Former uses of proposed site - groundwater contamination risks.
c. Type of runoff at proposed site - groundwater contamination risks.
d. Separation from groundwater – contamination and functional risks.
e. Try to infiltrate the cleanest water on the site.
f. Suggested pretreatment.
i) Wet detention ponds.
ii) Oversized catch basins.
iii) Proprietary catch basin filters.

PUBLISHED GUIDANCE:
Wisconsin Department of Natural Resources Conservation Practice Standard 1002: Site Evaluation for
Stormwater Infiltration
Wisconsin Department of Natural Resources Conservation Practice Standard 1003: Infiltration Basin

R.A. Smith National, Inc. Aug-11
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Volume Reduction BMPs

Subsurface Infiltration

SAMPLE PICTURE

McKinley Park

SAMPLE DETAIL FOLLOWS
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Storm Water Control Measures
CITY CAMPUS 2711 W. WELLS ST. SECOND FLOOR MILWAUKEE, WI 53208

1750 N. Lincoln Memorial Drive, Milwaukee, WI 53202

of Transportation and Public Works

PROJECT TITLE: MCKINLEY BEACH PARK
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PAVEMENT
REDUCTION
Volume Reduction BMPs
OVERVIEW
Reducing pavement area on a site reduces site stormwater runoff
rate and volume, and the corresponding additional pervious area can
help to mitigate adverse water quality and thermal impacts of the
remaining pavement.
Opportunities to reduce pavement may occur when the use of a
parking lot or driveway has changed since the original construction,
or in situations where parking can be shared between different uses
with alternate peak demand times. Other strategies include:
•
•
•

Reducing the size of some parking spaces and adjacent aisles
and designating them as compact car spaces.
Reconfiguring parking to a more efficient layout.
Reducing aisle width.

Volume Reduction BMPs

Pavement Reduction

Pavement Reduction
VOLUME REDUCTION BMPS

BEST USED FOR
1. Stormwater runoff volume and peak flow reduction
2. Runoff thermal impact mitigation
3. Storm water quality improvement

KEY DESIGN FACTORS TO CONSIDER:
1.
2.
3.
4.

Amount of parking demand
Must peak demand be satisfied, or only typical demand
Type of vehicles parking in lot
Timing of parking demand

PUBLISHED GUIDANCE:
Center for Watershed Protection: Better Site Design Fact Sheet: Green Parking
EPA Fact Sheet: Green Parking
EPA Fact Sheet: Street Design and Patterns
EPA Fact Sheet: Narrower Residential Streets
Pennsylvania Department of Environmental Protection: Reduce Parking Imperviousness
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PUBLISHED
GUIDANCE
DOCUMENTS

Published Guidance Documents

Published Guidance Documents
A: Wisconsin Department of Natural Resources Conservation Practice Standard 1001: Wet Detention Pond
B: Wisconsin Department of Natural Resources Conservation Practice Standard 1002: Site Evaluation for
Stormwater Infiltration

C: Wisconsin Department of Natural Resources Conservation Practice Standard 1003: Infiltration Basin
D: Wisconsin Department of Natural Resources Conservation Practice Standard 1004: Bioretention for
Infiltration

E: Wisconsin Department of Natural Resources Conservation Practice Standard Interim Technical Standard
1005: Vegetated Infiltration Swale

F: Wisconsin Department of Commerce, Wisconsin Department of Natural Resources Conservation Practice
Standard 1006: Method for Predicting the Efficiency of Proprietary Storm Water Sedimentation Devices

G: Wisconsin Department of Commerce Conservation Practice Standard (Draft 08/13/10, Number TBD):
Infiltration Trench

H: Wisconsin Department of Natural Resources Conservation Practice Standard 378: Pond
I: "Infiltration Trench Planning, Design, and Installation" presentation by Bryan Hartsook, Wisconsin
Department of Natural Resources, presented March 2009

J: Wisconsin Department of Natural Resources / University of Wisconsin - Extension: Rain Gardens - A Howto Manual for Homeowners

K: Wisconsin Storm Water Manual: Grassed Swales
L: Wisconsin Storm Water Manual: Filter Strip
M: EPA Fact Sheet: Catch Basin Inserts
N: EPA Fact Sheet: Dry Detention Ponds
O: EPA Fact Sheet: Grassed Swales
P: EPA Fact Sheet: Green Parking
Q: EPA Fact Sheet: Infiltration Trench
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Wet Detention Pond
(1001)
Wisconsin Department of Natural Resources
Conservation Practice Standard

l.

Definition

A permanent pool of water with designed
dimensions, inlets, outlets and storage capacity,
constructed to collect, detain, treat and release
stormwater runoff.
ll. Purposes
The primary purposes of this practice are to improve
water quality and reduce peak flow.
lll.

Conditions Where Practice Applies

This practice applies to urban sites where stormwater
runoff pollution due to particulate solids loading and
attached pollutants is a concern. It also applies where
increased runoff from urbanization or land use
change is a concern. Site conditions must allow for
runoff to be directed into the pond and a permanent
pool of water to be maintained.
This standard establishes criteria for ponds to detain
stormwater runoff, although some infiltration may
occur. In some instances, detention ponds may
present groundwater contamination risks, and this
standard sets criteria for determining when liners may
be necessary to address risks to groundwater. Where
the detention pond will be discharging to an
infiltration practice, see WDNR Conservation
Practice Standards 1002-1004.
Application of this standard is not intended to address
flood control. Modifications to the peak flow criteria
or additional analysis of potential flooding issues
may be needed or required by local authorities. For
ponds used during the construction period, see
WDNR Conservation Practice Standard 1064,
Sediment Basin.
This practice provides a method to demonstrate that a
wet detention pond achieves the total suspended
solids (TSS) reduction and peak flow control required
by NR 151.12, Wis. Adm. Code, for postconstruction sites. Pollutant loading models such as

SLAMM, P8, DETPOND or equivalent methodology
may also be used to evaluate the efficiency of the
design in reducing TSS.
lV. Federal, State and Local Laws
The design, construction and maintenance of wet
detention ponds shall comply with all federal,
state and local laws, rules or regulations. The
owner/operator is responsible for securing required
permits. This standard does not contain the text of
any federal, state or local laws governing wet
detention ponds.
The location and use of wet detention ponds may be
limited by regulations relating to stormwater
management, navigable waters (Ch. 30, Wis. Stats.),
floodplains, wetlands, buildings, wells and other
structures, or by land uses such as waste disposal
sites and airports. The pond embankment may be
regulated as a dam under Ch. 31, Wis. Stats., and
further restricted under NR 333, Wis. Adm. Code,
which includes regulations for embankment heights
and storage capacities.
V. Criteria
The following minimum criteria apply to all wet
detention pond designs used for the purposes stated
in Section II of this standard. Use more restrictive
criteria as needed to fit the conditions found in the
site assessment.
A. Site Assessment – Conduct and document a site
assessment to determine the site characteristics
that will affect the placement, design,
construction and maintenance of the pond.
Document the pond design. Items to assess
include:
1.

At the pond site, on a site map:
a.

Identify buildings and other structures,
parking lots, property lines, wells,
wetlands, 100-year floodplains, surface

Conservation Practice Standards are reviewed periodically and updated if needed. To obtain the current version of
this standard, contact your local WDNR office or the Standards Oversight Council office in Madison, WI at (608) 441-2677.
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drains, navigable streams, known drain
tile, roads, and utilities (both overhead
and buried) showing elevation contours
and other features specified by the
applicable regulatory authority.
b.

permanent pool area and depth, the outlet
structure and the active storage volume. The
following criteria apply:
a.

Show location of soil borings and test
pits on site map, characterize the soils,
seasonally high groundwater level1, and
bedrock conditions to a minimum depth
of 5 feet below the proposed bottom of
the pond or to bedrock, whichever is
less. Conduct one test pit or boring per
every 2 acres of permanent pool
footprint, with a minimum of two per
pond. Include information on the soil
texture, color, structure, moisture and
groundwater indicators, and bedrock
type and condition, and identify all by
elevation. Characterize soils using both
the USDA and USCS classification
systems.

Note: Use App. A for the initial estimate of the
permanent pool area based on drainage area.
Prorate values for mixed land uses. Use Equation 1
to solve for qo and iterate as needed.

ii. The permanent pool surface area is
sized based on the particle size and
the peak outflow during the 1-yr.,
24-hour design storm using
Equation 1:

Note: USCS characterization is used for soil
stability assessment while USDA soil
characterization identifies the soil’s potential
permeability rate.

c.

Permanent Pool – The elevation below
which runoff volume is not discharged
and particles are stored.
i. Design ponds to include a
permanent pool of water. The
surface area of the permanent pool
is measured at the invert of the
lowest outlet. The minimum
surface area of the permanent pool
must address the total drainage area
to the pond.

Sa = 1.2 * (qo / vs) [Equation 1(a)]

Investigate the potential for karst
features nearby.

or

qo = (vs * Sa) / 1.2 [Equation 1(b)]
2.

In the watershed, on a watershed map:

Where:

a.

Identify predominant soils, the drainage
ways, navigable streams and floodways,
wetlands, available contour maps, land
cover types and known karst features.
Identify the receiving surface waters, or
whether the drainage basin drains
directly to groundwater.

b.

Show channels and overland flow
before and after development, contours,
and property lines.

c.

Sa = Permanent pool surface area
measured at the invert of the lowest outlet
of the wet detention pond (square feet)
qo = Post-construction peak outflow
(cubic feet/second) during the 1-yr., 24hour design storm for the principal outlet
vs = Particle settling velocity (feet/second)
1.2 = EPA recommended safety factor
iii. Particle settling velocities (vs) shall
be based on representative particle
sizes for the desired percent TSS
reduction.

Refer to the Tc (time of concentration)
flow paths and subwatershed
boundaries used in runoff calculations.

•

B. Pond Design – Properly designed wet detention
ponds are effective at trapping smaller particles,
and controlling peak flows (see App. C, Figures
1-3).

•
•

1.

Water Quality – Pollutant reduction (TSS
and phosphorus) is a function of the
.
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80% (3 micron):
vs = 1.91 x 10-5 ft./sec.
60% (6 micron):
vs = 7.37 x 10-5 ft./sec.
40% (12 micron):
vs = 2.95 x 10-4 ft./sec.
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Note: Particle settling velocities were calculated
assuming a specific gravity of 2.5, a water
temperature of 50 degrees Fahrenheit (10 degrees C)
and a kinematic viscosity of 0.01308 cm.2/sec.
(Pitt, 2002). The calculations also assume
discrete and quiescent settling conditions per
Stoke’s Law.

b.

(areas of stagnant water). See Section
VII, Considerations D and N for options
to prevent short circuiting.
f.

Active Storage Volume – Volume
above the permanent pool that is
released slowly to settle particles.
Calculate the volume with the following
method:

i.

Use a hydrograph-producing
method, such as the one outlined in
Natural Resources Conservation
Service, Technical Release 55
(TR-55), to determine the storage
volume for detention ponds. This
can be accomplished by using
App. B where:
24-hour design storm for the
principal outlet calculated using
Equation 1 (see V.B.1.a.ii).

iii. A minimum of 4 ft. shall be
available for sediment storage if the
contributory area includes cropland
not stabilized by any other practice,
such as strip cropping, terraces and
conservation tillage.

qi = Calculated post-construction
peak inflow or runoff rate during
the 1-yr., 24-hour design storm.
VR = Calculated volume of runoff
from the 1-year, 24-hour design
storm for the entire contributory
area.

For information on sediment storage in
forebays, see Section VII,
Consideration C.

VS = The required active storage
volume determined using App. B.

Note: Municipalities that use sand in the winter
may consider increasing the sediment storage
depth.

Note: This method may require iterative
calculations.

Safety – Include a safety shelf (or
aquatic shelf) that extends a minimum
of 8 ft. from the edge of the permanent
pool waterward with a slope of 10:1
(horizontal:vertical) or flatter. The
maximum depth of the permanent pool
of water over the shelf shall be 1.5 ft.

d.

Depth – The average water depth of the
permanent pool shall be a minimum of
3 ft., excluding the safety shelf area and
sediment storage depth.

e.

Length to Width – Maximize the length
to width ratio of the flow path to
prevent short-circuiting and dead zones

A minimum of 2 ft. shall be
available for sediment storage (for
a total of 5 ft. average depth,
excluding the safety shelf area). For
ponds greater than 20,000 sq. ft.,
50% of the total surface area of the
permanent pool shall be a
minimum of 5 ft. deep. For ponds
less than 20,000 sq. ft., maximize
the area of 5 ft. depth.

ii. Modeling shows that for
20 years of sediment accumulation,
less than 2 ft. sediment storage is
needed (not to be less than
0.5 feet).

qo = Peak outflow during the 1-yr.,

c.

Sediment Storage – After all
construction has ceased and the
contributory watershed has been
stabilized, one of the following applies:

.
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g.

Side Slopes Below Safety Shelf – All
side slopes below the safety shelf shall
be 2:1 (horizontal:vertical) or flatter as
required to maintain soil stability, or as
required by the applicable regulatory
authority.

h.

Outlets – Wet detention ponds shall
have both a principal outlet and an
emergency spillway.
i. Prevent Damage – Incorporate into
outlet design trash accumulation
preventive features, and measures
for preventing ice damage and
scour at the outfall. Direct outlets
to channels, pipes, or similar
WDNR
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d) For all other pre-development
land covers, use runoff curve
numbers from TR-55 assuming
“good hydrologic conditions.”
e) For post-development
calculations, use runoff curve
numbers based on proposed
plans.

conveyances designed to handle
prolonged flows.
ii. Principal Water Quality Outlet –
Design the outlet to control the
proposed 2-yr., 24-hour discharge
from the pond within the primary
principal outlet without use of the
emergency spillway or other outlet
structures. If a pipe discharge is
used as the primary principal outlet,
then the minimum diameter shall
be 4 inches. Where an orifice is
used, features to prevent clogging
must be added.
iii. Backward Flow – Any storm up to
the 10-yr., 24-hour design storm
shall not flow backward through
the principal water quality outlet or
principal outlet. Flap gates or other
devices may be necessary to
prevent backward flow.
iv. Emergency Spillway – All ponds
shall have an emergency spillway.
Design the spillway to safely pass
peak flows produced by a 100-yr.,
24-hour design storm routed
through the pond without damage
to the structure. The flow routing
calculations start at the permanent
pool elevation.
v. Peak Flow Control – Design the
peak flow control to maintain
stable downstream conveyance
systems and comply with local
ordinances or conform with
regional stormwater plans where
they are more restrictive than this
standard. At a minimum:
a) The post-development
outflow shall not exceed predevelopment peak flows for
the 2-yr., 24-hour design
storm.
b) Use a hydrograph-producing
method such as TR-55 for all
runoff and flow calculations.
c) When pre-development land
cover is cropland, use the
runoff curve numbers in Table 1,
unless local ordinances are
more restrictive.

.

Note: Local ordinances may require control of
larger storm events than the 2-yr., 24-hour storm.
In these cases, additional or compound outlets
may be required.

Table 1 - Maximum Pre-Development
Runoff Curve Numbers for Cropland Areas
Hydrologic Soil Group
A
B
C
D
Runoff Curve Number
55
69
78
83
2.

Other Pond Criteria
a.

b.

c.

d.
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Inflow Points – Design all inlets to
prevent scour during peak flows
produced by the 10-yr., 24-hr. design
storm, such as using half-submerged
inlets, stilling basins and rip-rap. Where
infiltration may initially occur in the
pond, the scour prevention device shall
extend to the basin bottom.
Side Slopes – All interior side slopes
above the safety shelf shall be 3:1
(horizontal:vertical), or flatter if
required by the applicable regulatory
authority.
Ponds in Series – To determine the
overall TSS removal efficiency of
ponds in series, the design shall use an
approved model such as DETPOND or
P8, that can track particle size
distribution from one pond to the next.
Earthen Embankments – Earthen
embankments (see App. C, Figure 3)
shall be designed to address potential
risk and structural integrity issues
such as seepage and saturation. All
constructed earthen embankments shall
meet the following criteria.
i. Vegetation – Remove a minimum
of 6 in. of the parent material
(including all vegetation, stumps,
etc.) beneath the proposed base of
the embankment.
WDNR
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ii. Core Trench or Key-way – For
embankments where the permanent
pool is ponded 3 ft. or more against
the embankment, include a core
trench or key-way along the
centerline of the embankment up to
the permanent pool elevation to
prevent seepage at the joint
between the existing soil and the
fill material. The core trench or
key-way shall be a minimum of
2 ft. below the existing grade and
8 ft. wide with a side slope of 1:1
(horizontal:vertical) or flatter.
Follow the construction and
compaction requirements detailed
in V.B.2.d.iii below for compaction
and fill material.
iii. Materials – Construct all
embankments with non-organic
soils and compact to 90% standard
proctor according to the procedures
outlined in ASTM D-698 or by
using compaction requirements of
USDA Natural Resources
Conservation Service, Wisconsin
Construction Specification 3.
Do not bury tree stumps, or
other organic material in the
embankment. Increase the
constructed embankment height by
a minimum of 5% to account for
settling.
iv. Freeboard – Ensure that the top of
embankment, after settling, is a
minimum of 1 vertical foot above
the flow depth for the 100-yr.,
24-hr. storm.
v. Pipe Installation, Bedding and
Backfill – If pipes are installed
after construction of the
embankment, the pipe trench shall
have side slopes of 1:1 or flatter.
Bed and backfill any pipes
extending through the embankment
with embankment or equivalent
soils. Compact the bedding and
backfill in lifts and to the same
standard as the original
embankment.
vi. Seepage – Take measures to
minimize seepage along any
conduit buried in the embankment.

e.

f.

Measures such as anti-seep collars,
sand diaphragms or use of
bentonite are acceptable.
vii. Exterior side slopes shall be 2:1
(horizontal:vertical) or flatter, with
a minimum top width of the
embankment of 4 ft., or 10 ft. if
access for maintenance is needed.
The embankment must be designed
for slope stability.
Topsoil and Seeding – Spread topsoil
on all disturbed areas above the safety
shelf, as areas are completed, to a
minimum depth of 4 inches. Stabilize
according to the permanent seeding
criteria in WDNR Conservation
Practice Standard 1059, Seeding for
Construction Site Erosion Control.
Liners – Use the Liner Flowchart in
App. D to determine when a liner is
needed. For types of liners, see the
Liner Flowchart and specifications in
App. D. If a liner is used, provide a
narrative that sets forth the liner design
and construction methods.

Note: Some municipalities have wellhead
protection areas and all municipalities have
source water protection areas delineated by
WDNR. Consult with the local community about
when a liner will be needed if located within one
of these areas.

g.

.
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Depth to Bedrock – The separation
distance from the proposed bottom of a
wet detention pond to bedrock will
determine which of the following apply:
i. If the separation distance is a
minimum of 5 ft. and the soil
beneath the pond to bedrock is 10%
fines or more, refer to the Liner
Flowchart to determine if a liner
may be needed for reasons other
than proximity to bedrock;
ii. If the separation distance is a
minimum of 3 ft. and the soil
beneath the pond to bedrock is
20% fines or more, refer to the
Liner Flowchart to determine if a
liner may be needed for reasons
other than proximity to bedrock;
iii. If conditions in (i) or (ii) are not
met, then a Type B liner is required
at a minimum. Refer to the Liner
WDNR
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h.

Flowchart to determine if a Type A
liner may be needed for reasons
other than proximity to bedrock
(see liner specifications in App. D);
iv. If blasting in bedrock is performed
to construct a wet detention pond in
bedrock, then a Type A liner is
required (see liner specifications in
App. D) and an engineering design
must be conducted.
Separation from Wells – Wet detention
ponds shall be constructed 400 feet
from community wells (NR 811, Wis.
Adm. Code) and 25 feet from noncommunity and private wells (NR 812,
Wis. Adm. Code).

cannot extend below the sediment
storage elevation. Include in the
design an automatic shut-off of the
aerator/fountain as the pond starts
to rise during a storm event. The
aerator/fountain must remain off
while the pond depth returns to the
permanent pool elevation and,
further, shall remain off until such
time as required for the design
micron particle size to settle to
below the draw depth of the pump.
(See V.B.1.a.iii for the design
micron particle sizes that correlate
with a TSS reduction.)
iii. Aerator/fountains are not allowed
in wet detention ponds with less
than a 5 ft. permanent pool
designed depth.
iv. Configure the pump intake to draw
water primarily from a horizontal
plane so as to minimize the creation
of a circulatory pattern from
bottom to top throughout the pond.

Note: The 25 foot setback from non-community
and private wells is a final construction distance.
This may not be sufficient to prevent running
over the well with heavy equipment during
construction of the pond.

i.

j.
k.

Wetlands – For wet detention ponds
that discharge to wetlands, use level
spreaders or rip-rap to prevent
channelization, erosion and reduce
sedimentation in the wetlands.
Off-site runoff – Address off-site runoff
in the design of a wet detention pond.
Aerators/Fountains – If an aerator or
fountain is desired for visual and other
aesthetic effects (aerators designed to
mix the contents of the pond are
prohibited) they must meet one of the
first two items (i – ii), and items (iii)
and (iv) below.

VI. Operation and Maintenance
Develop an operation and maintenance plan that is
consistent with the purposes of this practice, the wet
detention pond’s intended life, safety requirements
and the criteria for its design. The operation and
maintenance plan will:
A. Identify the responsible party for operation,
maintenance and documentation of the plan.
B. Require sediment removal once the average
depth of the permanent pool is 3.5 ft. At a
minimum, include details in the plan on
inspecting sediment depths, frequency of
accumulated sediment removal, and disposal
locations for accumulated sediment
(NR 500, Wis. Adm. Code).
C. Include inlet and outlet maintenance, keeping
embankments clear of woody vegetation, and
providing access to perform the operation and
maintenance activities.
D. Identify how to reach any forebay, safety shelf,
inlet and outlet structures.
E. Address weed or algae growth and removal,
insect and wildlife control and any landscaping
practices.

i.

Increase the surface area of the wet
detention pond beyond the area
needed to achieve compliance with
a stormwater construction site
permit. The increase in surface area
is equal to or greater than the area
of influence of the aerator/fountain.
Use an aerator/fountain that does
not have a depth of influence that
extends into the sediment storage
depth (see App. E, Figure 4).
ii. For wet detention ponds where the
surface area is no more than
required to meet the stormwater
construction site permit conditions,
the depth of influence of the device
.
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J.

F. If a liner is used, show how the liner will be
protected from damage during sediment removal
or when the liner is undergoing repair.
G. Prohibit excavation below the original design
depth unless geotechnical analysis is completed
in accordance with V.A.1.b & c.

K.

VII. Considerations
Consider the following items for all applications of
this standard:
A. Additional conservation practices should be
considered if the receiving water body is
sensitive to temperature fluctuations, oxygen
depletion, excess toxins or nutrients.
B. To prevent nuisance from geese, consider not
mowing around the pond perimeter. To
maximize safety and pollutant removal, consider
spreading topsoil along the safety shelf to
promote plant growth.
C. For ease of maintenance, a sediment forebay
should be located at each inlet (unless inlet is
< 10% of total inflow or an equivalent upstream
pretreatment device exists) to trap large particles
such as road sand. The storage volume of the
sediment forebay should be consistent with the
maintenance plan, with a goal of 5%-15% of the
permanent pool surface area. The sediment
forebay should be a minimum depth of 3 ft. plus
the depth for sediment storage.
D. The length to width ratio of the flow path should
be maximized with a goal of 3:1 or greater. The
flow path is considered the general direction of
water flow within the pond, including the
permanent pool and forebay.
E. Consider providing additional length to the
safety shelf, above or below the wet pool
elevation, to enhance safety.
F. To prevent damage or failure due to ice, all risers
extending above the pond surface should be
incorporated into the pond embankment.
G. The use of underwater outlets should be
considered to minimize ice damage,
accumulation of floating trash or vortex control.
H. Watershed size and land cover should be
considered to ensure adequate runoff volumes to
maintain a permanent pool.
I. Aesthetics of the pond should be considered in
designing the shape and specifying landscape
practices. Generally, square ponds are
aesthetically unappealing.

.

L.

M.
N.

O.
P.

Q.
R.

S.
T.

U.
V.

W.
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If downstream flood management or bank
erosion is a concern, consider conducting a
watershed study to determine the most
appropriate location and design of stormwater
management structures, including consideration
of potential downstream impacts on farming
practices and other land uses.
For wet detention ponds with surface area more
than 2 acres or where the fetch is greater than
500 feet, consider reinforcing banks, extending
the safety shelf, vegetating the safety shelf or
other measures to prevent erosion of
embankment due to wave action.
To prevent failure, consider reinforcing earthen
emergency spillways constructed over fill
material to protect against erosion.
All flow channels draining to the pond should be
stable to minimize sediment delivery to the pond.
Baffles may be used to artificially lengthen the
flow path in the pond. In some designs, a
circular flow path is set up in a pond even when
the inlet and outlet are next to each other and no
baffles are used. Then the flow path can be
calculated using the circular path.
Consider using low fertilizer inputs on the
embankments and collecting the clippings.
Consider providing a method to facilitate
dewatering during accumulated sediment
removal.
Consider using backflow preventers to minimize
fish entrapment.
Consider providing a terrestrial buffer of
10-15 feet around the pond if it has low or no
embankments.
Consider a hard surface for the bottom of the
forebay to ease sediment removal.
Use of algaecides, herbicides or polymers to
control nuisance growths or to enhance
sedimentation must receive a permit under
NR 107, Wis. Adm. Code. Contact the
appropriate DNR specialist.
Consider additional safety features beyond the
safety shelf where conditions warrant them.
Consider vegetative buffer strips along drainage
ways leading to the detention pond to help filter
pollutants.
After the site assessment is complete, review and
discuss it with the local administering agency at
a pre-design conference to determine and agree
on appropriate pond design for the site.
WDNR
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X. Design so that the 10-yr., 24-hour design storm
does not flow through the emergency spillway.
The 10-yr. design criteria protects the
embankment from premature failure due to
frequent or long-duration flows through the
emergency spillway.
Y. Where practical, construct the emergency
spillway on original grade.
Z. Conduct a groundwater boring to 15 feet below
the pond and consider the historic “mottling
marks” in assessing groundwater levels.
AA. For partially or fully submerged inlet pipes,
consider using pipe ties or some other method to
keep pipes from dislodging during frost
movement.
BB. Consider employing a geotechnical engineer if
stability of the embankment is a concern and to
justify slopes steeper than 2.5:1.
CC. Assess potential environmental hazards at the
site from previous land uses. The assessment
should use historical information about the site
to determine if the potential for environmental
hazard exists, e.g., contaminated soils,
contaminated groundwater, abandoned dumps or
landfills. Contaminated areas can be located by
reviewing the Bureau of Remediation and
Redevelopment Tracking System (BRRTS), the
DNR Registry of Waste Disposal Sites in
Wisconsin and the Solid and Hazardous Waste
Information System (SHWIMS) available
through the WDNR website.
DD. Consider direct and indirect impacts to area
wetland hydrology and wetland hydroperiod due
to area hydrologic modifications that result from
routing wetland source waters through a wet
detention pond or releasing the discharge from a
wet detention pond directly into a wetland.
EE. Consider conducting more than one test pit or
boring per every 2 acres of permanent pool
footprint, with a minimum of two per pond, if
more are needed to determine the variability of
the soil boundary or to identify perched water
tables due to clay lenses. For the soils analysis,
consider providing information on soil thickness,
groundwater indicators—such as soil mottle or
redoximorphic features—and occurrence of
saturated soil, groundwater or disturbed soil.
FF. Where the soils are fine, consider groundwater
monitoring if the groundwater table is less than
10 feet below the bottom of the wet pond
because the water table may fluctuate seasonally.
Other impacts on the groundwater table elevation
.

may be from seasonal pumping of irrigation
wells or the influence of other nearby wells.
Monitoring or modeling may be necessary in
these situations to identify the groundwater
elevation.
GG. For additional guidance on seepage control for
embankments, consult sections V.B.1.c and
V.B.1.e(2) of NRCS Conservation Practice
Standard 378, Pond, particularly if a wet
detention pond’s embankment is considered to
be a dam.
VIII. Plans and Specifications
Plans and specifications shall be prepared in
accordance with the criteria of this standard and shall
describe the requirements for applying the practice to
achieve its intended use. Plans shall specify the
materials, construction processes, location, size and
elevations of all components of the practice to allow
for certification of construction upon completion.
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X. Definitions
Approved Model (V.B.2.c) – A computer model that
is used to predict pollutant loads from urban lands
and has been approved by the applicable regulatory
authorities. SLAMM and P8 are examples of models
that may be used to verify that a detention pond
design meets the desired total suspended solids
reduction.
Area of Influence (V.B.2.k.i) – The area of influence
of an aerator/fountain is a function of the circular
area of impact of the return water and the mixing area
of the pump, whichever is greater.
Bedrock (V.A.1.b) – Consolidated rock material and
weathered in-place material with > 50%, by volume,
larger than 2 mm in size.
Depth of Influence (V.B.2.k.i) – The depth of
influence of an aerator/fountain is a function of the
impact depth of the return water and the draw depth
of the pump, whichever is greater.
Karst Feature (V.A.1.c) – An area or surficial
geologic feature subject to bedrock dissolution so that
it is likely to provide a conduit to groundwater. May
include caves, enlarged fractures, mine features,
exposed bedrock surfaces, sinkholes, springs, seeps,
swallets, fracture trace (linear feature, including
stream segment, vegetative trend and soil tonal
alignment), Karst pond (closed depression in a karst
area containing standing water) or Karst fen (marsh
formed by plants overgrowing a karst lake or seepage
area).
Seasonally high groundwater level (V.A.1.b) – The
higher of either the elevation to which the soil is
saturated as observed as a free water surface in an
unlined hole, or the elevation to which the soil has
been seasonally or periodically saturated as indicated
by soil color patterns throughout the soil profile.

.
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Appendix A—Calculation of Preliminary Permanent Pool Surface Area for TSS Reduction 1
Land Use/Description/Management2

Residential
• < 2.0 units/acre (>1/2 acre lots)
(low density
• 2.0 - 6.0 units/acre (medium
density)
• > 6.0 units/acre (high density)
Commercial/Office
Park/Institutional/Warehouse/Indust
rial/Manufacturing/Storage4
(Non-retail related business, multistoried buildings, large heavily used
outdoor parking areas, material storage,
or manufacturing operations
Parks/Open
Space/Woodland/Cemeteries
Highways/Freeways
(Includes right-of-way area)
• Typically grass banks/conveyance
• Mixture of grass and curb/gutter
• Typically curb/gutter conveyance

80%

60%

Total Impervious
3
(%)

Minimum Surface Area
of the Permanent Pool
(% of Watershed Area)

Minimum Surface Area
of the Permanent Pool
(% of Watershed Area)

8 - 28
>28 -41
>41 - 68

0.7
0.8
1.0

0.3

<60
60-80
80-90
>90

1.8
2.1
2.4
2.8

0.6

0-12

0.6

0.2

<60
60-90
>90

1.4
2.1
2.8

1.0

1

Multiply the value listed by the watershed area within the category to determine the minimum pond surface
area. Prorate for drainage areas with multiple categories due to different land use, management, percent
impervious, soil texture, or erosion rates. For example, to achieve an 80% TSS reduction, a 50 acre (residential,
50% imperviousness) x 0.01 (1% of watershed from table) = 0.5 acre + 50 acres (office park, 85%
imperviousness) x 0.024 (2.4% of watershed) = 1.2 acre. Therefore 0.5 acre + 1.2 acre = 1.7 acres for the
minimum surface area of the permanent pool.
2
For offsite areas draining to the proposed land use, refer to local municipalities for planned land use and
possible institutional arrangements as a regional stormwater plan.
3
Impervious surfaces include rooftops, parking lots, roads, and similar hard surfaces, including gravel
driveways/parking areas.
4
Category includes insurance offices, government buildings, company headquarters, schools, hospitals, churches,
shopping centers, strip malls, power plants, steel mills, cement plants, lumber yards, auto salvage yards, grain
elevators, oil tank farms, coal and salt storage areas, slaughter houses, and other outdoor storage or parking
areas.
Source: This table was modified from information in “The Design and Use of Detention Facilities for
Stormwater Management Using DETPOND” by R. Pitt and J. Voorhees (2000).

.
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Appendix B
Approximate Detention Basin Routing for Type II Storms

1.0
0.9

Storage Volume
Runoff Volume

(VS / VR)

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
0.0

0.1

0.2

0.3

0.4

0.5

Peak Outflow Discharge
Peak Inflow Discharge

0.6

0.7

0.8

0.9

1.0

( qo / q i )

Source: Technical Release 55, United States Department of Agriculture, Natural Resources Conservation Service, Washington,
D.C. 1986. NRCS Bulletin No. WI-210-8-16 (Sept. 12, 1988) amended the TR-55 routing graph for Type II storms to include
flows outside the original range.
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Appendix B (cont’d.)

Rainfall Quantities:
Table 2 provides a summary of the 1-year, 24-hour rainfall totals using NRCS mandated TP-40, which has not been
updated since 1961. Table 3 provides a summary of more current data from the Rainfall Frequency Atlas of the
Midwest published in 1992. Local requirements may dictate the use of one dataset over the other.

Table 2 – Rainfall for Wisconsin Counties for a 1-year, 24-hour Rainfall1
Inches of Rainfall
County
2.1 in.
Door, Florence, Forest, Kewaunee, Marinette, Oconto, Vilas
2.2 in.
Ashland, Bayfield, Brown, Calumet, Douglas, Iron, Langlade, Lincoln, Manitowoc,
Menominee, Oneida, Outagamie, Price, Shawano, Sheboygan
2.3 in.
Barron, Burnett, Dodge, Fond du Lac, Green Lake, Marathon, Milwaukee, Ozaukee, Portage,
Racine, Rusk, Sawyer, Taylor, Washburn, Washington, Waukesha, Waupaca, Waushara,
Winnebago, Wood
2.4 in.
Adams, Chippewa, Clark, Columbia, Dane, Dunn, Eau Claire, Jackson, Jefferson, Juneau,
Kenosha, Marquette, Pepin, Pierce, Polk, Rock, St. Croix, Walworth
2.5 in.
Buffalo, Green, Iowa, La Crosse, Monroe, Richland, Sauk, Trempealeau, Vernon
2.6 in.
Crawford, Grant, Lafayette
1
TP – 40: Rainfall Frequency Atlas of the United States, U.S. Department of Commerce Weather Bureau.

Table 3 - Rainfall for Wisconsin Counties for a 1-year, 24-hour Rainfall2
Zone
Inches of Rainfall
County
1
2.22
Douglas, Bayfield, Burnett, Washburn, Sawyer, Polk, Barron, Rusk, Chippewa,
Eau Claire
2
2.21
Ashland, Iron, Vilas, Price, Oneida, Taylor, Lincoln, Clark, Marathon
3
1.90
Florence, Forest, Marinette, Langlade, Menominee, Oconto, Door, Shawano
4
2.23
St. Croix, Dunn, Pierce, Pepin, Buffalo, Trempealeau, Jackson, La Crosse, Monroe
5
2.15
Wood, Portage, Waupaca, Juneau, Adams, Waushara, Marquette, Green Lake
6
1.96
Outagamie, Brown, Kewaunee, Winnebago, Calumet, Manitowoc, Fond du Lac,
Sheboygan
7
2.25
Vernon, Crawford, Richland, Sauk, Grant, Iowa, Lafayette
8
2.25
Columbia, Dodge, Dane, Jefferson, Green, Rock
9
2.18
Ozaukee, Washington, Waukesha, Milwaukee, Walworth, Racine, Kenosha
2
Bulletin 71: Rainfall Frequency Atlas of the Midwest, Midwest Climate Center and Illinois State Water Survey,
1992.

.
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Appendix B (cont’d.)

Table 4 – Runoff for Selected Curve Numbers and Rainfall Amounts1
Runoff Depth in Inches for Curve Number of:
Rainfall (inches)
50
55
60
65
70
75
80
85
90
1.9
0.00 0.01 0.04 0.11 0.20 0.33
1.96
0.00 0.01 0.05 0.12 0.23 0.36
2.1
0.00 0.02 0.08 0.16 0.28 0.43
2.15
0.00 0.03 0.09 0.18 0.30 0.46
2.18
0.00 0.03 0.10 0.19 0.31 0.47
2.2
0.00 0.04 0.10 0.19 0.32 0.48
2.21
0.00 0.04 0.10 0.20 0.32 0.49
2.22
0.00 0.04 0.10 0.20 0.33 0.49
2.23
0.01 0.04 0.11 0.20 0.33 0.50
2.25
0.01 0.04 0.11 0.21 0.34 0.51
2.3
0.01 0.05 0.12 0.23 0.36 0.54
2.4
0.02 0.07 0.15 0.26 0.41 0.59
2.5
0.02 0.08 0.17 0.30 0.46 0.65
2.6
0.03 0.10 0.20 0.34 0.50 0.71
1
NRCS TR-55, Equations 2-1 to 2-4 used to determine runoff depths.

.
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0.50
0.54
0.62
0.66
0.68
0.69
0.69
0.70
0.71
0.72
0.75
0.82
0.89
0.96

0.72
0.77
0.87
0.91
0.93
0.94
0.95
0.96
0.97
0.98
1.02
1.10
1.18
1.26

1.01
1.06
1.18
1.22
1.25
1.27
1.28
1.28
1.29
1.31
1.35
1.44
1.53
1.62

95

98

1.39
1.44
1.58
1.63
1.65
1.67
1.68
1.69
1.70
1.72
1.77
1.87
1.96
2.06

1.68
1.73
1.87
1.92
1.95
1.97
1.98
1.99
2.00
2.02
2.07
2.17
2.27
2.37
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Appendix C—Pond Geometry
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Appendix C—Pond Geometry (cont’d.)
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Appendix C—Pond Geometry (cont’d.)

.

16

WDNR
10/07

Appendix D—Pond Liner Design, Decision Flowchart
Pond Liner Design Specifications for Three
Levels of Liners
A. Type A Liners—for sites with the highest
potential for groundwater pollution. They
include:
• Clay (natural soil, not bentonite)
• High Density Polyethylene (HDPE)
• Geosynthetic Clay Liners (GCL)
1. Clay liner criteria (essentially the same as
the clay below landfills but not as thick):
a. 50% fines (200 sieve) or more.
b. An in-place hydraulic conductivity of
1 x 10 -7 cm./sec. or less.
c. Average liquid limit of 25 or greater,
with no value less than 20.
d. Average PI of 12 or more, with no
values less than 10.
e, Clay installed wet of optimum if using
standard Proctor, and 2% wet of
optimum if using modified Proctor.
f. Clay compaction and documentation as
specified in NRCS Wisconsin
Construction Specification 300, Clay
Liners.
g. Minimum thickness of two feet.
h. Specify method for keeping the pool
full or use of composite soils below
liner.
2. HDPE liner criteria:
a. Minimum thickness shall be 60 mils.
b. Design according to the criteria in Table 3
of the NRCS 313, Waste Storage
Facility technical standard.
c. Install according to NRCS Wisconsin
Construction Specification 202,
Polyethylene Geomembrane Lining.
3. GCL liner criteria:
a. Design according to the criteria in Table 4
of NRCS 313, Waste Storage Facility
technical standard.
b. Install according to NRCS Wisconsin
Construction Specification 203,
Geosynthetic Clay Liner.

1.

Clay liner criteria:
a. 50% fines (200 sieve) or more.
b. An in-place hydraulic conductivity of
1 x 10 -6 cm./sec. or less.
c. Average liquid limit value of 16 or
greater, with no value less than 14.
d. Average PI of 7 or more with no values
less than 5.
e. Clay compaction and documentation as
specified in NRCS Wisconsin
Construction Specification 204,
Earthfill for Waste Storage Facilities.
f. Minimum thickness of two feet.
g. Specify method for keeping the pool
full or use of composite soils below
liner.
2. HDPE liner criteria:
a. Minimum thickness shall be 40 mils.
b. All other criteria same as for Type A
HDPE liner.
3. PPL liner criteria:
a. Minimum thickness shall be 30 mils.
b. All other criteria same as for Type A
HDPE liner.
C. Type C Liners—for sites with little potential for
groundwater pollution or where the need for a
full pool is less important. They include:
• All liners meeting Type A or B criteria
• Silts and clays
• HDPE (<40 mil)
• PPL (20-24 mil)
• PVC (30-40 mil)
• EPDM (45 mil)
1. Silt/Clay liner criteria:
a. 50% fines (200 sieve), or 20% fines and
a PI of 7.
b. Soil compaction and documentation as
specified in NRCS Wisconsin
Construction Specification 204,
Earthfill for Waste Storage Facilities.
c. Minimum thickness of two feet.
d. Specify method for keeping the pool
full or use of composite soils below
liner.
D. Liner Elevation—All liners must extend above
the permanent pool up to the elevation reached
by the 2-yr., 24-hour storm event.
E. For synthetic liners, follow the manufacturers’
recommendations for installation.

B. Type B Liners—for sites with medium potential
for groundwater pollution or where need for a
full pool level is high. They include:
• All liners meeting Type A criteria
• Clay
• HDPE
• Polyethylene Pond Liner (PPL)
.
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Appendix D - Liner Flow Chart for Wet
Detention Ponds
Start

In situ soil
<10-7 cm/sec
permeability to 3’
below pond
bottom?*

No liner
required to
protect
groundwater

Yes

*

**Dirty

Answer yes in lieu of permeability testing for:

Industrial, commercial,
institutional parking lots or
roads and all arterial roads.

USDA-Sandy clay, silty clay or clay (from actual boring)
USCS-Avg. LL>25, no LL<20, Avg. PI>12 & no PI<10

No

source areas=

No

Local
municipality
requires liner
to protect well or
groundwater?

No
No

Drainage
basin includes
Tier I industrial?

Yes

Drainage
basin has storage
or loading areas
For Tier 2
industrial?

No
Drainage basin
has fueling or vehicle
maintenance
areas?

Yes

No

Drainage basin
has dirty source
Areas** >15% ?

Yes
Yes

Yes
Warnings:
-Liners near karst features
are prone to fail. Additional
investigation required near
known or suspected karst
features.

Tier I, Tier 2
or fueling/maint.
areas >5% of
watershed?

-Ponds installed in
contaminated areas require
additional DNR approvals to
protect surface and
groundwater. Additional
investigation required near
known or suspected
contamination.
-See criteria for construction
requirements in bedrock.

No

80% TSS
requirements
met onsite
for areas listed
above***?

No

Type B Liner
Required to Protect
Groundwater

WDNR
10/07

In situ soil
<10-6 cm/sec
Permeability to 3’
below pond
Yes
bottom?****

Yes
Yes

No

80% TSS
requirements
met onsite
for areas listed
above***?

Yes

****

Type A Liner
Required to Protect
Groundwater

No

Includes Tier I, Tier II, fueling,
vehicle maintenance areas, dirty
source areas, etc.
***

Answer yes in lieu of testing for:

USDA-Silt loam, sandy clay loam, clay loam,
silty clay loam (from actual boring)
USCS-Avg. LL>16, no LL<14,Avg. PI>7 & no
PI<5

See
considerations for
a Type C liner for
safety, to prevent
erosion or for
aesthetics.

Appendix E—Aerators/Fountains
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Site Evaluation for Stormwater Infiltration
(1002)
Wisconsin Department of Natural Resources
Conservation Practice Standards

I.

Definition

This standard defines site evaluation procedures to:
1.

Perform an initial screening of a development site1
to determine its suitability for infiltration.

2.

Evaluate each area within a development site that
is selected for infiltration.

3.

Prepare a site evaluation report.

II. Purpose
1.

Establish methodologies to characterize the site
and screen for exclusions and exemptions under
Chapter NR 151 Wis. Adm. code.

2.

Establish requirements for siting an infiltration
device and the selection of design infiltration
rates.

3.

Define requirements for a site evaluation report
that insures appropriate areas are selected for
infiltration and an appropriate design infiltration
rate is used.

III. Conditions where Practice Applies
This standard is intended for development sites being
considered for stormwater infiltration devices.
Additional site location requirements may be imposed
by other stormwater infiltration device technical
standards.
IV. Federal, State and Local Laws
Users of this standard shall be aware of applicable
federal, state and local laws, rules, regulations or
permit requirements governing infiltration devices.
This standard does not contain the text of federal, state
or local laws.

V. Criteria
The site evaluation consists of four steps for locating
the optimal areas for infiltration, and properly sizing
infiltration devices.
·
·
·
·

Step A. Initial Screening.
Step B. Field Verification of information collected
in Step A.
Step C. Evaluation of Specific Infiltration Areas.
Step D. Soil and Site Evaluation Reporting.

The steps shall coincide, as much as possible, for
when the information is needed to determine the
following: 1) the potential for infiltration on the site,
2) the optimal locations for infiltration devices, and 3)
the design of the infiltration device(s). Steps A and B
shall be completed as soon as possible in the approval
process. See Consideration VI.M for an example.
Step A. Initial Screening
The initial screening identifies potential locations for
infiltration devices. The purpose of the initial
screening is to determine if installation is limited by
ss. NR 151.12(5)(c)5. or NR 151.12(5)(c)6., and to
determine where field work is needed for Step B.
Optimal locations for infiltration are verified in Step
B.
Information collected in Step A will be used to explore
the potential for multiple infiltration areas versus
relying on a regional infiltration device. Smaller
infiltration devices dispersed around a development
are usually more sustainable than a single regional
device that is more likely to have maintenance and
groundwater mounding problems.
The initial screening shall determine the following:
Note: Useful references for the existing resource maps
and information are listed in Considerations VI.I and
J.
1.
2.
3.
4.

Site topography and slopes greater than 20%.
Site soil infiltration capacity characteristics as
defined in NRCS County soil surveys.
Soil parent material.
Regional or local depth to groundwater and
bedrock. Use seasonally high groundwater
information where available.

Conservation Practice Standards are reviewed periodically and updated if needed. To obtain the current version of
this standard, contact your local WDNR office or the Standards Oversight Council office in Madison, WI at (608) 833-1833.
1
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Words in the standard that are shown in italics are described in VIII. Definitions. The words are italicized the first time they are used in the text.

5.

Distance to sites listed on the GIS Registry of
Closed Remediation sites within 500 feet from the
perimeter of the development site.
6. Distance to sites listed on the Bureau of
Remediation and Redevelopment Tracking System
within 500 feet from the perimeter of the
development site.
7. Presence of endangered species habitat.
8. Presence of flood plains and flood fringes.
9. Location of hydric soils based on the USDA
County Soil Survey and wetlands from the
WDNR Wisconsin Wetland Inventory map.
10. Sites where the installation of stormwater
infiltration devices is excluded, due to the
potential for groundwater contamination, by
chapter NR 151 Wis. Adm. Code.
11. Sites exempted by chapter NR 151 Wis. Adm.
Code from the requirement to install infiltration
devices.
12. Potential impact to adjacent property.

2.

A legible site plan/map that is presented on
paper that is no less than 8 ½ X 11 inches in
size and:
a.
b.
c.
d.
e.
f.
g.
h.
i.

Step B. Field Verification of the Initial Screening
A. Field verification is required for areas of the
development site considered suitable for
infiltration. This includes verification of Step A.1,
2, 3, 4, 9, 10 and 11.
B. Sites shall be tested for depth to groundwater,
depth to bedrock and percent fines information to
verify any exemption and exclusion found in Step
A.10 and 11. The following is a description of the
percent fines expected for each type of soil
textural classification.
1.

2.

Several textural classes are assumed to meet
the percent fines limitations of Ch. NR
151.12(5)(c)5.i. for both 3 and 5 foot soil
layers. These classifications include the
sandy loams, loams, silt loams and all the
clay textural classifications. Coarse sand is
the only soil texture that by definition will not
meet NR 151.12(5)(c)5.i. limitations for a 3
foot soil layer consisting of 20% fines. Other
sand textures and loamy sands may need the
percent fines level verified with a laboratory
analysis.

3.

Is drawn to scale or fully dimensional.
Illustrates the entire development site.
Shows all areas of planned filling and/or
cutting.
Includes a permanent vertical and
horizontal reference point.
Shows the percent and direction of land
slope for the site or contour lines.
Highlight areas with slopes over 20%.
Shows all flood plain information that is
pertinent to the site.
Shows the location of all pits/borings
included in the report.
Location of wetlands as field delineated
and surveyed.
Location of karst features, private wells
within 100 feet of the development site,
and public wells within 400 feet of the
development site.

Soil profile descriptions must be written in
accordance with the descriptive procedures,
terminology and interpretations found in the
Field Book for Describing and Sampling
Soils, USDA, NRCS, 1998. Frozen soil
material must be thawed prior to conducting
evaluations for soil color, texture, structure
and consistency. In addition to the data
determined in Step B, soil profiles must
include the following information for each
soil horizon or layer:
a.
b.
c.
d.
e.
f.
g.
h.

Thickness, in inches or decimal feet.
Munsell soil color notation.
Soil mottle or redoximorphic feature
color, abundance, size and contrast.
USDA soil textural class with rock
fragment modifiers.
Soil structure, grade size and shape.
Soil consistence, root abundance and
size.
Soil boundary.
Occurrence of saturated soil,
groundwater, bedrock or disturbed soil.

Borings and pits shall be dug to verify soil
infiltration capacity characteristics and to
determine depth to groundwater and bedrock.

C. The following information shall be recorded for
Step B:
1.
2

The date or dates the data was collected.
WDNR
02/04

level of uncertainty in the measured value.
Also, the uncertainty in a measurement is
increased by the variability in the subsurface
soil horizons throughout the proposed
infiltration site.

Step C. Evaluation of Specific Infiltration Areas
This step is to determine if locations identified for
infiltration devices are suitable for infiltration, and to
provide the required information to design the device.

To select the correction factor from Table 3,
the ratio of design infiltration rates must be
determined for each place an infiltration
measurement is taken. The design infiltration
rates from Table 2 are used to calculate the
ratio. To determine the ratio, the design
infiltration rate for the surface textural
classification is divided by the design
infiltration rate for the least permeable soil
horizon. For example, a device with a loamy
sand at the surface and a least permeable
layer of loam will have a design infiltration
rate ratio of about 6.8 and a correction factor
of 4.5. The depth of the least permeable soil
horizon should be within five feet of the
proposed bottom of the device or to the depth
of a limiting layer.

A minimum number of borings or pits shall be
constructed for each infiltration device (Table 1). The
following information shall be recorded for Step C:
1.

All the information under Step B.C.3.

2.

A legible site plan/map that is presented on paper
no less than 8 1/2 X 11 inches in size and:
a.
b.
c.
d.

3.

4.

Is drawn to scale or fully dimensional.
Illustrates the location of the infiltration
devices.
Shows the location of all pits and borings.
Shows distance from device to wetlands.

An analysis of groundwater mounding potential is
required as per Table 1. The altered groundwater
level, based on mounding calculations, must be
considered in determining the vertical separation
distance from the infiltration surface to the highest
anticipated groundwater elevation as specified in
NR 151. References include but are not limited to
Finnemore 1993 and 1995, and Hantush 1967.
One of the following methods shall be used to
determine the design infiltration rate:
a.

b.

Infiltration Rate Not Measured - Table 2 shall
be used if the infiltration rate is not measured.
Select the design infiltration rate from Table
2 based on the least permeable soil horizon
five feet below the bottom elevation of the
infiltration system.
Measured Infiltration Rate - The tests shall be
conducted at the proposed bottom elevation
of the infiltration device. If the infiltration
rate is measured with a Double-Ring
Infiltrometer the requirements of ASTM
D3385 shall be used for the field test.

5.

To determine if infiltration is not required under
NR 151.12(5)(c)6.a., a scientifically credible field
test method is required unless the least permeable
soil horizon five feet below the bottom of
infiltration system is one of the following: sandy
clay loam, clay loam, silty clay loam, sandy clay,
silty clay, or clay. The infiltration rate used to
claim the exemption shall be the actual field
measurement and shall be used without the
correction factors found in Table 3.

Step D. Soil and Site Evaluation Report Contents
The site’s legal description and all information
required in Steps B and C shall be included in the Soil
and Site Evaluation Report. These reports shall be
completed prior to the construction plan submittal.

The measured infiltration rate shall be
divided by a correction factor selected from
Table 3. The correction factor adjusts the
measured infiltration rates for the occurrence
of less permeable soil horizons below the
surface and the potential variability in the
subsurface soil horizons throughout the
infiltration site.
A less permeable soil horizon below the
location of the measurement increases the
WDNR
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Table 1: Evaluation Requirements Specific to Proposed Infiltration Devices
Infiltration
Device

Tests Required

1

Minimum Number of
Borings/Pits
Required

Irrigation Systems2

Pits or borings

NA2

Rain Garden2

Pits or Borings

NA2

Infiltration
Trenches
(< 2000 sq feet
impervious
drainage area)
Infiltration
Trenches

Pits or borings

1 test/100 linear feet of trench
with a minimum of 2, and
sufficient to determine
variability

·
·

Pits or borings
Mounding potential

Bioretention
Systems

·
·

Pits or borings
Mounding potential

Infiltration Grassed
Swales

Pits or borings

Surface Infiltration
Basins

·
·

Pits or borings
Mounding potential

Subsurface
Dispersal Systems
greater than 15 feet
in width.

·
·

Pits or borings
Mounding potential

1 pit required and an
additional 1 pit or boring/100
linear feet of trench, and
sufficient to determine
variability
1 test/50 linear feet of device
with a minimum of 2, and
sufficient to determine
variability
1 test/1000 linear feet of swale
with a minimum of 2, and
sufficient to determine
variability
2 pits required per infiltration
area with an additional 1 pit or
boring for every 10,000 square
feet of infiltration area, and
sufficient to determine
variability
2 pits required per infiltration
area with an additional 1 pit or
boring for every 10,000 square
feet of infiltration area, and
sufficient to determine
variability

(> 2000 sq ft of
impervious drainage
area)

Minimum Drill/Test
Depth Required Below
the Bottom of the
Infiltration System
5 feet or depth to limiting
layer, whichever is less.
5 feet or depth to limiting
layer, whichever is less.
5 feet or depth to limiting
layer, whichever is less.

Pits to 5 feet or depth to
limiting layer
Borings to 15 feet or depth to
limiting layer
5 feet or depth to limiting
layer
5 feet or depth to limiting
layer
Pits to 10 feet or depth to
limiting layer
Borings to 20 feet or depth to
limiting layer
Pits to 10 feet or depth to
limiting layer
Borings to 20 feet or depth to
limiting layer

1

Continuous soil borings shall be taken using a bucket auger, probe, split-spoon sampler, or shelby tube. Samples
shall have a minimum 2-inch diameter. Soil pits must be of adequate size, depth and construction to allow a person
to enter and exit the pit and complete a morphological soil profile description.

2

Information from Step B is adequate to design rain gardens and irrigation systems.

4
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Table 2: Design Infiltration Rates for Soil Textures Receiving Stormwater
1

Soil Texture

Coarse sand or coarser
Loamy coarse sand
Sand
Loamy sand
Sandy loam
Loam
Silt loam
Sandy clay loam
Clay loam
Silty Clay loam
Sandy clay
Silty clay
Clay

Design Infiltration Rate Without Measurement
2
inches/hour
3.60
3.60
3.60
1.63
0.50
0.24
0.13
0.11
0.03
0.043
0.04
0.07
0.07

1

Use sandy loam design infiltration rates for fine sand, loamy fine sand, very fine sand, and
loamy fine sand soil textures.

2

Infiltration rates represent the lowest value for each textural class presented in Table 2 of
Rawls, 1998.

3

Infiltration rate is an average based on Rawls, 1982 and Clapp & Hornberger, 1978.

Table 3: Total Correction Factors Divided into Measured Infiltration Rates
1

Ratio of Design Infiltration Rates
1
1.1 to 4.0
4.1 to 8.0
8.1 to 16.0
16.1 or greater

Correction Factor
2.5
3.5
4.5
6.5
8.5

1

Ratio is determined by dividing the design infiltration rate (Table 2) for the textural
classification at the bottom of the infiltration device by the design infiltration rate
(Table 2) for the textural classification of the least permeable soil horizon. The least
permeable soil horizon used for the ratio should be within five feet of the bottom of the
device or to the depth of the limiting layer.

Required Qualifications

VI. Considerations

A. Site Evaluations - Individuals completing site
evaluations shall be a licensed professional
acceptable to the authority having jurisdiction
and have experience in soil investigation,
interpretation and classification.

Additional recommendations relating to design that
may enhance the use of, or avoid problems with this
practice but are not required to insure its function are
as follows:

B. Soil Evaluations - Individuals completing the
soils evaluation shall be a Soil Scientist licensed
by the Department of Regulation and Licensing
or other licensed professional acceptable to the
authority having jurisdiction.

A. Groundwater monitoring wells, constructed as
per chapter NR 141, Wis. Adm. Code, can be
used to determine the seasonal high groundwater
level. Large sites considered for infiltration
basins may need to be evaluated for the direction
of groundwater flow.

WDNR
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2.

B. Karst Inventory Forms on file with the
Wisconsin Geological and Natural History
Survey should be filled out if a karst feature is
located within the site.

3.

C. Cation Exchange Capacity (CEC) of the soil can
indicate the number of available adsorption sites.
Sandy soils have limited adsorption capacity and
a CEC ranging from 1-10 meq/100g. Clay and
organic soils have a CEC greater than 20 and
have a high adsorption rate.

4.
5.
6.

D. Soil organic matter and pH can be used to
determine adsorption of stormwater
contaminants. A pH of 6.5 or greater is optimal.
A soil organic content greater than 1 percent will
enhance adsorption.

7.

8.

E. NR 151 provides for a maximum area to be
dedicated for infiltration depending upon land
use. This cap can be voluntarily exceeded.

9.
F.

One or more areas within a development site
may be selected for infiltration. A development
site with many areas suitable for infiltration is a
good candidate for a dispersed approach to
infiltration. It may be beneficial to contrast
regional devices with onsite devices that receive
runoff from one lot or a single source area within
a lot, such as rooftop or parking lot.

G. Stormwater infiltration devices may fail
prematurely if there is:
1.
2.
3.
4.

An inaccurate estimation of the Design
Infiltration Rate;
An inaccurate estimation of the seasonal
high water table;
Excessive compacting or sediment loading
during construction;
No pretreatment for post-development and
lack of maintenance.

H. No construction erosion should enter the
infiltration device. This includes erosion from
site grading as well as home building and
construction. If possible, rope off areas selected
for infiltration during grading and construction.
This will preserve the infiltration rate and extend
the life of the device.
I.

Resources available for completing Step A.
Initial screening:
1.

6

Sites listed on the GIS Registry of Closed
Remediation sites.
http://gomapout.dnr.state.wi.us/org/at/et/geo
/gwur/index.htm

J.

Sites listed in the Bureau of Remediation
and Redevelopment Tracking System.
http://dnr.wi.gov/org/aw/rr/brrts/index.htm
Flood plain areas as regulated under s.
87.30, Wis. Stats. and NR 116, NR 30 and
NR 31, Wis. Adm. Code.
Wetlands as defined in Ch. NR 103, Wis.
Adm. Code.
Endangered species habitat as shown on
National Heritage Inventory County maps
Access points and road setbacks as
determined by county or municipal zoning
plans.
Existing reports concerning the groundwater
and bedrock. Examples include:
Publications from USGS, NRCS, Regional
Planning Commissions, DNR, DATCP,
DOT, UW system or WGNHS.
The Drinking Water and Groundwater pages
of the DNR
http://dnr.wi.gov/org/water/dwg/
The Wisconsin Grain Size Database
http:\\www.geology.wisc.edu/~qlab/

The development site should be checked to
determine the potential for archeological sites.
This search may be conducted by state staff for
projects required or funded by the state.

K. Slopes 20% or greater are inappropriate for some
infiltration devices.
L. Expect to complete the preliminary design work
(Criteria Step A through Step C) before the
approval process (platting). Once required
information is compiled, the initial design work
for an infiltration device can begin.
M. The approval process requirements for
development sites vary across the state and may
also vary within a municipality depending on the
number of lots being developed. The timing of
Steps A, B, and C might have to be adjusted for
the type of approval process. The following is an
example of when the steps might be completed
for a typical development site requiring a plat.
The sequence in the example would comply with
the criteria for timing of Steps A, B, and C.
Step A should be completed before the
preliminary plat and Step B should be completed
before the final plat, or CSM is approved. For
regional infiltration devices, and for devices
constructed on public right-of-ways, public land
or jointly owned land, Step C should be
completed before the final plat or final CSM
approval.

WDNR
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It can be difficult to select the final location and
drainage area for an infiltration device before the
use of the lot is known. Sometimes it is more
desirable to design an infiltration device for an
individual lot after the lot is purchased. For this
situation Step C would be completed after the
final plat is approved. The information for Step
C would be collected when the lot is purchased.
To give future devices credit towards achieving
the infiltration performance standard, the final
plat would contain approximate sizing
information for each device. Information from
Step A and B would be used to determine the
approximate sizing information.
N. The inner ring of the Double-Ring Infiltrometer
should be at least 12 inches in diameter.
O. Section NR 151.12(5)(c)5., is included in the
administrative code as a means to discourage
infiltration of runoff from or into the listed areas,
due to potential concerns of groundwater
contamination. Although it is not illegal to
infiltrate storm water in areas with the listed
limitations, DNR will not give credit for this
infiltration towards meeting the infiltration
requirements of ss. NR 151.12(5)(c)1. or NR
151.12(5)(c)2. Runoff that is infiltrated must be
in compliance with s. NR 151.12(5)(c)8., which
requires minimizing infiltration of pollutants so
that groundwater quality standards are
maintained.

Comm 85, Wis. Adm. Code
Ferguson, B.K., 1994. Stormwater Infiltration, CRC
Press Inc.
Freeze, R.A and J.A. Cherry, 1979. Groundwater,
Prentice-Hall, Inc., 604 pgs.
Finnemore, E. J., 1993. Estimation of Ground-Water
Mounding Beneath Septic Drain Fields.
Groundwater, Vol. 31 No. 6, pp. 884-889.
Finnemore, E.J., 1995. A program to calculate
Ground-Water Mound Heights. Groundwater, Vol.
33, No. 1.
Hantush, M. S., 1967. Growth and Decay of
Groundwater-Mounds in Response to Uniform
Percolation. Water Resources Research, Vol. 3, No.
1, pp. 227-234.
Lowndes, M., 2000. “Infiltration Basins and
Trenches” The Wisconsin Stormwater Manual,
G3691-3.
McHenry County Soil and Water Conservation
District USDA Natural Resources Conservation
Service, 1991. Additional Requirements for
subdivision to be served by septic systems.
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VIII. Definitions
Bioretention systems (Table 1): Bioretention is an
infiltration device consisting of an excavated area
that is back-filled with an engineered soil, covered
with a mulch layer and planted with a diversity of
woody and herbaceous vegetation. Storm water
directed to the device percolates through the mulch
and engineered soil, where it is treated by a variety of
physical, chemical and biological processes before
infiltrating into the native soil.
Construction Plan (V.Step D): A map and/or plan
describing the built-out features of an individual lot.
Coarse sand (V.Step B.B.1): Soil material that
contains 25% or more very coarse and coarse sand,
and <50% any other one grade of sand.
Design infiltration rate (II.3): A velocity, based on
soil structure and texture, at which precipitation or
runoff enters and moves into or through soil. The
design rate is used to size an infiltration device or
system. Rates are selected to be minimal rates for the
different types of soils. Selection of minimal rates
will provide a robust design and maximize the
longevity of the device.
Development site (I.1): The entire area planned for
development, irrespective of how much of the site is
disturbed at any one time or intended land use. It can
be one lot or multiple lots.
Double-ring infiltrometer (V.Step C.4.b): A device
that directly measures infiltration rates into a soil
surface. The double-ring infiltrometer requires a
fairly large pit excavated to depth of the proposed
infiltration device and preparation of a soil surface
representative of the bottom of the infiltration area.
High groundwater level (V.Step A.4): The higher of
either the elevation to which the soil is saturated as
observed as a free water surface in an unlined hole, or
the elevation to which the soil has been seasonally or
periodically saturated as indicated by soil color
patterns throughout the soil profile.
Highest anticipated groundwater elevation (V.Step
C.3): The sum of the calculated mounding effects of
the discharge and the seasonal high groundwater
level.
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Infiltration areas (V): Areas within a development
site that are suitable for installation of an infiltration
device.
Infiltration basin (Table 1): An open impoundment
created either by excavation or embankment with a
flat densely vegetated floor. It is situated on
permeable soils and temporarily stores and allows a
designed runoff volume to infiltrate the soil.
Infiltration device (II.2): A structure or mechanism
engineered to facilitate the entry and movement of
precipitation or runoff into or through the soil.
Examples of infiltration devices include irrigation
systems, rain gardens, infiltration trenches,
bioretention systems, infiltration grassed swales,
infiltration basins, subsurface dispersal systems and
infiltration trenches.
Infiltration trench (Table 1): An excavated trench
that is usually filled with coarse, granular material in
which stormwater runoff is collected for temporary
storage and infiltration. Other materials such as metal
pipes and plastic domes are used to maintain the
integrity of the trench.
Irrigation system (Table 1): A system designed to
disperse stored stormwater to lawns or other pervious
areas.
Limiting layer (Table 1): A limiting layer can be
bedrock, an aquatard, aquaclude or the seasonal high
groundwater table.
Percent fines (V. Step B.B): the percentage of a
given sample of soil, which passes through a # 200
sieve.
Rain garden (Table 1): A shallow, vegetated
depression that captures stormwater runoff and
allows it to infiltrate.
Regional device (V.Step A): An infiltration system
that receives and stores stormwater runoff from a
large area. Infiltration basins are the most commonly
used regional infiltration devices.
Redevelopment (V.Step A.6): Areas where new
development is replacing older development.
Soil parent material (V.Step A.3): The
unconsolidated material, mineral or organic, from
which the solum develops.
Subsurface dispersal systems (Table 1): An
exfiltration system that is designed to discharge
stormwater through piping below the ground surface,
but above the seasonal high groundwater table.
WDNR
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Infiltration Basin
(Acre-Feet)
(1003)
Wisconsin Department of Natural Resources
Conservation Practice Standard

I.

Definition

An infiltration basin is defined as an open
impoundment (greater than 15 feet wide in its
minimum dimension) created either by
excavation or embankment with a flat, densely
vegetated floor dedicated to the infiltration of
runoff through the ground surface.

V. Criteria
A. Screening criteria located in the WDNR
Conservation Practice Standard Site
Evaluation for Stormwater Infiltration
(1002) shall be followed. In addition, the
following site location criteria shall be met.
1.

Building location – The basin shall not
be hydraulically connected1 to
foundations or pavements, or cause
negative impacts to structures. These
negative impacts could include: water in
basements and foundation instability.

2.

20% Slopes - Infiltration shall not cause
seepage, contribute to hill slope failure
or increase erosion on down gradient
slopes. A minimum horizontal setback
distance of 200 feet shall be maintained
from down gradient slopes greater than
20% unless slope stability calculations
demonstrate that the slope is stable
under saturated conditions at a shorter
distance from the practice. Note: Berms
constructed as part of the practice are
not included in this separation distance.

II. Purpose
The practice may be applied as part of a
structural stormwater management practice
system to support one or more of the following
purposes:
•

Reduce stormwater pollutants

•

Increase discharge to groundwater

•

Decrease runoff peak flow rates and
volumes

•

Preserve base flow in streams

•

Reduce temperature impacts of runoff.

III. Conditions Where Practice Applies
The infiltration basin practice applies to urban
areas where increased pollutant loadings, thermal
impacts, or increased runoff volumes are a
concern and the area is suitable for infiltration.
(See NR 151.12(5) (c) 5 and 6 and WDNR
Conservation Practice Standard Site Evaluation
for Stormwater Infiltration (1002).)

B. Design
1.

When infiltration cells are used, a draw
down device shall be provided for each
cell.

IV. Federal, State and Local Laws
Users of this standard shall be aware of
applicable federal, state and local laws, rules,
regulations or permit requirements governing
infiltration basins. This standard does not
contain the text of federal, state or local laws.

Bypass/Dewatering – The basin shall be
designed with a maintenance draw
down capability. An example of this
device is shown on Figure #3.

2.

Pretreatment Practices – Space must be
allotted for pretreatment prior to
infiltration to remove the following
percentage of total suspended solids, on
an average annual basis, based on the
following land uses.
a.

60% for residential (and associated
roads)
Wisconsin DNR 10/04
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Words in the standard that are shown in italics are described in X. Definitions. The words are italicized the first time they are used in the text.

b.

80% for commercial, industrial,
institutional (and associated roads)

3.

Infiltration Rates - See WDNR
Conservation Practice Standard Site
Evaluation for Stormwater Infiltration
(1002) for design infiltration rates.

4.

Dimensions
a.

Depth – Depth is a function of the
maximum draw down time of 24
hours (for the infiltration portion of
the practice only), using the design
infiltration rate, with a not to
exceed depth of 24 inches.
The maximum depth of 24 inches
applies to all infiltration cells
within the practice.

b.

Target Stay-on Depth – The target
stay-on depth shall meet the
requirements of NR 151. (See
Consideration L.)

c.

Effective Infiltration Area – The
maximum depth along with the
storage volume of water to be
infiltrated can be used to determine
the preliminary effective infiltration
area necessary for the infiltration
basin. (See Consideration L.)

d.

Slopes
1.

2.

Longitudinal Slope – If used,
the longitudinal slope shall not
exceed 1% (0% longitudinal
slope is recommended). If any
longitudinal slope is specified,
“infiltration cells” as described
in V.B.4.f. shall be required.
Lateral Slopes in the effective
infiltration area shall be 0%.

Example: (This example is a
continuation of the 20 acre mixed
land use example presented in
“Technical Note for Sizing
Infiltration Basins and Bioretention
Devices to Meet State of Wisconsin
Stormwater Infiltration Performance
Standards.” See Consideration L. for
reference.)
This example assumed an average
pre-development curve number of 75
for the pre-development soil
condition in the drainage basin,
sandy loam soils at the infiltration
site and a post-development curve
number of 70 for the pervious areas
in the drainage basin. From that
example, the preliminary effective
infiltration area is 8,930 square feet
or 0.2 acres. Therefore, the storage
volume (SV) at a one-foot maximum
depth (MD) is 0.2 acre-ft or 8,930 cu.
ft.
Calculate the dimensions of the basin.
Assume a rectangular basin with a
length to width ratio of 3:1
SV=MD * L * W substitute L=3W
SV=MD * 3W2.
Solve for W:
8,930 cu. ft. = 1 X 3W2 2,977 = W2
W = 55 ft
L= 3W so L = 164 ft
If using a longitudinal slope, it is still
required that the maximum depth, at
any point in the basin, not exceed 24
inches (or in this case 12 inches due to
the soil type). This slope results in a
3D triangle of infiltration volume
versus the cubic volume created by a
basin with a flat floor.
To correct for this and to provide the
required infiltration volume, the
preliminary effective infiltration area
originally calculated must be divided
by 0.5. This will correct for the
triangle of lost volume created by the
sloped floor of the basin, the
maximum depth and the water
surface.

2
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Example (continued)

8,930 sq. ft. / 0.5 = 17,860 sq. ft.
The new W and L are now W = 77ft.
and L = 3W = 231ft.

Given: MD = 12 inches, SA = 17, 860
sq. ft., longitudinal slope = 1%. W =
77 ft. L = 231 ft.

Note: The surface area calculated is
the minimum effective infiltration
area and does not include slopes or
setbacks. Additional site area will be
needed to account for berms and
slopes.
e.

Side Slopes – All side slopes for
interior and exterior berms shall
have a 4:1 slope (horizontal:
vertical) or flatter.

f.

Infiltration Cells – To maximize
the effective infiltration area
utilized and to prevent channelized
flow, the effective infiltration area
shall be subdivided into multiple
smaller “cells” using level
spreaders (example shown in
Figure 1 & 2). These “cells” shall
be used if a longitudinal slope is
specified or if the length of the
flow path exceeds 300 linear feet.

With a length of 231 feet and a slope
of 1% we know the basin rises 2.3 feet
along its length from the outlet to the
toe of the pre-treatment area. Given
a 12-inch maximum depth of water in
the practice for infiltration, the basin
needs to be divided into multiple cells
with each cell a maximum 300 feet
length or a maximum of 12 inches of
depth in each cell.
As this example has a longitudinal
slope of 1% the maximum cell is 100
feet in length (100 * 1% = 1 feet
which is the maximum depth). Had
this basin had no longitudinal slope
on the floor, a cell up to 300 feet long
could have been utilized.
The first level spreader should be
located 100 feet upstream from the
outlet structure. This leaves us with
131 feet to the pretreatment area. At
1% slope, the height of the level
spreader should be 1.3 feet, which is
greater than allowed. So the second
level spreader should be 1 foot in
height, with the third being 100 more
feet upstream with a height of 0.43
feet.

The effective infiltration area shall
be divided such that as a
downstream cell reaches the depth
of its level spreader, the elevation
of the water in that cell does not
exceed the downstream toe of slope
from the next upstream level
spreader. The height of any level
spreader shall not exceed the
maximum ponding depth.

Note: To improve the aesthetics of
the basin, the second and third cells
may be evened out to two cells of 66
feet each and level spreader heights
of 0.66 feet.
5.

Basin Inlets and Cell Dividers / Level
Spreader – The design shall evenly
spread the outflow from the
pretreatment device or between cells
across the width of the basin. The
pretreatment discharge pipes and stone
trench shown in Figures 1 & 2 (plan and
profile view) provide an example of
level spreaders.

6.

Basin Outlets – The infiltration basin
outlet shall safely convey stormwater
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from the start of construction in the
drainage area, all infiltration basins
shall be brought on-line. Build out
means that the lot has been fully
developed and stabilized from erosion.
If the infiltration basin area is to also
provide peak flow control for the fully
built out 5-year, 24-hour event or
greater, then a bypass device to divert
those flows into the practice will be
allowed until the infiltration basin is
brought fully on-line. Erosion and
sediment control practices shall be
implemented for the remaining 10-25%
of the undeveloped lots with the goal of
preventing any sediment from reaching
the infiltration basin.

from the basin through all of the
following mechanisms. An example of
outlet pipes is shown in Figures 3 & 4
(front and side view)
a.

Draw Down Device – A means
shall be provided to quickly
remove standing water from the
basins for maintenance and winter
diversion.

b.

Emergency Spillway – A means
shall be provided to release
discharge in excess of the
infiltration volume safely into the
downstream stormwater
conveyance system. The spillway
shall be designed for a 100 year 24hour storm event.

c.

Freeboard – One foot of freeboard
above the flow depth in the
spillway shall be provided.

7.

Maintenance Access – Provide a 12 foot
wide access route, with a 6:1 slope, to
the floor of the basin for sediment and
debris removal.

8.

Embankment Construction –
Embankments shall conform with
WDNR Conservation Practice Standard
Wet Detention Basin (1001). A basin
embankment may be regulated as a dam
under ch. 31 Stats., and further
restricted under ch. NR 333, Wis. Adm.
Code, which includes regulations for
embankment heights and storage
capacities.

3.

2.

4

No disturbance – The infiltration
area shall be fenced off to prevent
heavy equipment access during
development.

b.

Compaction Mitigation – If the
active infiltration area is graded the
effects of compaction shall be
mitigated using the following
methods:

(2) The soil mix (V.C.3.b.1) shall
be incorporated into the
existing soil using a chisel
plow or rotary device with the
capability of reaching to 12
inches below the existing
surface.

Construction shall be suspended during
periods of rainfall or snowmelt.
Construction shall remain suspended if
ponded water is present or if residual
soil moisture contributes significantly to
the potential for soil smearing,
clumping or other forms of compaction.
An assessment of the active erosion in
the drainage area to the infiltration
basin shall be performed to determine
when to bring the infiltration basin online. The basin shall be brought on-line
when the area draining to the basin has
achieved 90% build out of all lots in
any of the first 3 years or 75% build out
in any subsequent year. By 5 years

a.

(1) Incorporate soil additives
consisting of two inches of
compost mixed into two inches
of topsoil.

C. Construction
1.

During construction one of the
following methods shall be used:

(3) The compost component shall
meet the following WDNR
Specification S100 Compost.
4.

The basin shall be constructed to the
grades, elevations, and specifications in
the plan. After grading and top soiling,
the elevation of the basin shall be
surveyed for conformance to design
specifications.
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Environmental Testing Verification
protocol.

D. Vegetation Cover
1.

Establishment – Cover crops need to be
applied in conjunction with the initial
seeding of permanent vegetation. When
establishing turf type grass, use the
criteria contained in the DNR
Conservation Practice Standard Seeding
for Construction Site Erosion Control
(1059). Sod shall not be used.
If turf grass is utilized, the basin cannot
be used for recreational purposes due to
compaction concerns.

2.

Native Seeding – Native vegetation
shall be established in conformance
with recommendations from a qualified
native nursery in the area. If trees are to
be used, species shall be selected that
will not interfere with the function of
the basin, or cause maintenance
problems. Section IX References, lists
sources that provide suggested seed
mixtures.
Native (prairie) seeding shall be
completed in the fall (as dormant
seeding prior to first snowfall) or in the
spring (between May 1 and June 20), or
plugs shall be used.

3. Fertilizer – Soil testing shall be used to
determine proper applications for
nutrients and liming. Fertilizer
application shall conform to the criteria
located in NRCS Conservation Practice
Technical Standard, Critical Area
Planting (342) or WDNR Conservation
Practice Standard Seeding for
Construction Site Erosion Control
(1059).
4.

Mulch – Mulch shall conform to the
criteria located in WDNR Conservation
Practice Standard Mulching for
Construction Sites (1058).

VI. Considerations
A. Pretreatment Options - See WDNR
Conservation Practice Technical Standards
Wet Detention Basin (1001), Ditch Check
(1062), and Vegetated Infiltration Swale
(1005) for guidance. Estimates of pollutant
reduction by proprietary devices should be
based on monitoring using the EPA

B. Well Locations - If well locations in relation
to the basin are a concern, the site should be
evaluated for the direction of ground water
flow.
C. Multiple Uses - Basins can be used for both
infiltration and peak shaving as shown on
Figure 1 and 2. However, another option is
to include a flow splitter or diversion prior to
pretreatment. By limiting the inflow into a
BMP, a flow splitter can enhance the
longevity of the BMP by reducing the
volumetric rate of treatment, erosion or
scour, and vegetation damage. Flow
splitters need to be designed to address site
conditions and flows.
D. Drainage Area Size – The drainage area
should be between 5 and 50 acres. If the
drainage area is more than 50 acres, multiple
basins should be provided.
E. Regulatory Caps - Ch. NR 151 provides for
a maximum area to be dedicated for
infiltration depending upon land use. This
cap can be voluntarily exceeded.
F. Native Vegetation - The use of prairie grass
or other deep-rooted plants is encouraged
because these plants can increase the
infiltration capacity of the basin. Dense
vegetation will also reduce soil erosion on
the basin floor.
G. Level Spreader - Since it is often difficult to
construct a level spreader, a combination of
a berm and stone trench is recommended.
Other methods to disperse flows include
irrigation practices such as ridge and furrow
irrigation systems. Refer to American
Society of Agricultural Engineering
Standards for guidelines on construction of
irrigation dispersal systems.
H. Tracked vehicles should be used during
construction to lessen compaction.
I.

The final grading should be conducted by
the landscape contractor so that the drainage
area can be stabilized first.

J.

Snow should not be placed in the effective
infiltration area. It may be placed on the
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pretreatment area or areas draining into the
pretreatment area.
K. Internally Drained Watersheds – There are
unique considerations for watersheds that
are closed basins which are internally
drained. Infiltration basins constructed in
internally drained watersheds shall meet the
requirements of NR 151 and this standard.
Storms with a recurrence interval greater
than a 2-year 24-hour storm must also be
considered in the design and engineering
judgment may determine that criteria such as
draw down time and maximum depth may
be exceeded for these larger storms.
Infiltration basins in internally drained
watershed may have different needs for
plants, pretreatment, safety, maintenance or
other characteristic that must be considered
during design and construction.
L. The DNR has created a technical note that
may be used to size infiltration basins. The
“Technical Note for Sizing Infiltration
Basins and Bioretention Devices To Meet
State Of Wisconsin Stormwater Infiltration
Performance Standards” contains an
approved method to determine the target
stay-on depth and 12 design charts that can
be used to size these basins for a variety of
conditions. In addition, the technical note
contains a reference to an approved
infiltration model (RECARGA) that can also
be used to determine effective infiltration
area requirements. Other models may be
used if approved. The Technical Note can be
accessed at:
http://dnr.wi.gov/org/water/wm/nps/stormwa
ter/techstds.htm#Post
VII. Plans and Specifications
Plans and specifications shall be prepared in
accordance with the criteria of this standard and
shall describe the requirements for applying the
practice to achieve its intended use. Plans shall
specify the materials, construction processes,
location, size and elevations of all components of
the practice to allow for certification of
construction upon completion.
VIII.Operations and Maintenance
An operation and maintenance plan shall be
developed that is consistent with the purposes of
this practice, intended life of the components,
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safety requirements, and the criteria for the
design. There may be state and local laws that
require adequate O&M of public and private
facilities and the identification of responsible
parties. At a minimum, the plan shall include:
A. Inspection Intervals – At minimum,
quarterly inspections shall occur. Inspection
shall include spreader and overflow spillway
for indication of failure. Note the condition
of vegetation as part of inspection. If
standing water is observed over 50% of the
basin floor 3 days after rainfall, the basin is
clogged and measures should be undertaken
to unclog it. (See section VIII.C).
B. Native Vegetation - Maintenance of Native
Vegetation – Mowing (cutting) or burning
shall be used to maintain the vegetation.
1.

Establishment - The first mowing of
newly planted seed shall occur once it
reaches a height of 10 to 12 inches.

2.

Mowing

3.

a.

Mowing shall reduce the height of
plants to 5 to 6 inches.

b.

After establishment, if burning
cannot be accommodated, mowing
shall occur once in the fall (after
November 1). The area shall be
mowed to a height of 5 to 6 inches.

Burning
a.

Routine Maintenance - Beginning
the second year, burning shall
occur in the early spring (prior to
May 1st) or in the late fall (after
November 1st)

b.

Burning shall be done two
consecutive years and then up to
three years can pass before the next
burning.

c.

Under no circumstances shall
burning occur every other year.

C. Restoration Procedures – these include
removing the top 2 to 3 inches, chisel
plowing and adding topsoil and compost. If
deep tilling is used, the basin shall be
drained and the soils dried to a depth of 8
inches. If the basin was planted in turf grass
and clogging again occurs after these
restoration procedures have been used, the
owner /operator shall replant with prairie
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style vegetation using the soil preparation
method recommended by the native nursery
in the area.
D. Trash shall be removed as quickly as
possible once observed.
E. Pretreatment – If wet detention is used, see
WDNR Conservation Practice Technical
Standard Wet Detention Basin (1001) for
operations and maintenance requirements.
F. Winter Maintenance – All draw down
devices in the pond shall be opened during
winter months to discourage infiltration of
runoff water containing high levels of
chlorides. If this practice is an enclosed
basin, the use of chloride deicers shall be
limited in the area draining to the basin to
reduce the chance of exceeding the limits in
ch. NR 140.

Flow Splitter (VI.C): A flow splitter is a device
used to direct a fraction of runoff into the BMP
facility while bypassing excess flows from larger
storm events.
Hydraulically connected (V.A.1.): Two entities
are said to be hydraulically connected if a
surface or subsurface conduit exists between the
two such that water is transmitted from one
entity to the other.
Level spreader (V.B.4.f): A level spreader is a
device used to disperse concentrated flows back
over a wide area, dissipating the energy of the
runoff and promoting sheet flow. Common
types of level spreaders include vegetated,
earthen or stone berms, weirs and stone trenches.
Target Stay-on Depth (IV.B.4.b.): The amount of
infiltration required on an average annual basis.
It is the portion of the annual rainfall (inches) on
the development site that must be infiltrated on
an annual basis to meet the infiltration goal.

IX. References
Metropolitan Council, 2003. Urban Small Sites
Best Management Practice Manual, Chapter 3,
Vegetative Methods 3-85 – 3-91. Minneapolis.
United States Department of Agriculture –
Natural Resources Conservation Service.
Engineering Field Handbook, Chapters 16 and
18.
UWEX Publication A3434 Lawn and
Establishment & Renovation.
WisDOT, 2003. State of Wisconsin Standard
Specifications for Highway and Structure
Construction. Section 630, Seeding.
X. Definitions
Draw down device (V.B.1): A draw down device
can consist of any device that allows for the
dewatering of the infiltration basin or the
infiltration cells down to the ground elevation.
Examples include removable weir plates (shown
in Figure 3), pipes with valves, weirs with
removable stop logs.
Effective infiltration area (V.B.4.c.): An
effective infiltration area means the area of the
infiltration system that is used to infiltrate runoff
and does not include the area used for site
access, berms or pretreatment.
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Bioretention For Infiltration
(1004)
Wisconsin Department of Natural Resources
Conservation Practice Standard

I.

Definition
A bioretention device is an infiltration device1
consisting of an excavated area that is back-filled with
an engineered soil, covered with a mulch layer and
planted with a diversity of woody and herbaceous
vegetation. Storm water directed to the device
percolates through the mulch and engineered soil,
where it is treated by a variety of physical, chemical
and biological processes before infiltrating into the
native soil.

II. Purpose

IV. Federal, State and Local Laws
Users of this standard shall be aware of applicable
federal, state and local laws, rules, regulations or
permit requirements governing bioretention devices.
This standard does not contain the text of federal,
state or local laws.
V. Criteria
A. Site Criteria
1.

A site selected for construction of a bioretention
device shall be evaluated in accordance with the
WDNR Conservation Practice Standard 1002,
“Site Evaluation for Stormwater Infiltration” and
shall meet the site requirements of that standard.

2.

The following site criteria shall also be met:

A bioretention device may be applied individually or
as part of a system of stormwater management
practices to support one or more of the following
purposes:
•
•
•
•
•

Enhance storm water infiltration
Reduce discharge of storm water pollutants to
surface and ground waters
Decrease runoff peak flow rates and volumes
Preserve base flow in streams
Reduce temperature impacts of storm water
runoff

III. Conditions Where Practice Applies
Bioretention devices are suitable for small drainage
areas where increased urban storm water pollutant
loadings, thermal impacts, runoff volumes and peak
flow discharges are a concern and the area is suitable
for infiltration. Bioretention devices are best suited to
providing on-site stormwater management
opportunities adjacent to source areas such as
landscaped areas, rooftops, parking lots and streets.
Bioretention devices are not suitable for controlling
construction site erosion. These devices will not treat
chlorides, and will be damaged by heavy loading of
salt-based deicers.

a.

Private Onsite Wastewater Treatment
System (POWTS) – The bioretention device
shall be located a minimum of 50 feet from
any POWTS and shall not be hydraulically
connected to the POWTS dispersal cell or
cause negative impacts such as cross
contamination.

b.

Foundations – The bioretention device shall
not be hydraulically connected to building or
pavement foundations or cause negative
impacts to structures.

c.

Slopes – Sloped areas immediately adjacent
to the bioretention device shall be less than
20% but greater than 0.5% for pavement and
greater than 1% for vegetated areas to ensure
positive flow towards the device.

d.

Maximum Drainage Area – The area
draining to the bioretention device shall not
exceed 2 acres. The drainage area shall not
contain significant sources of soil erosion.

Conservation Practice Standards are reviewed periodically and updated if needed. To obtain the current version of
this standard, contact your local WDNR office or the Standards Oversight Council office in Madison, WI at (608) 833-1833.
1

Words in the standard that are shown in italics are described in X. Definitions. The words are italicized the first time they are used in the text.
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4.

B. Design – The bioretention device shall be sized using
an approved model. (See Consideration L.)
1.

2.

3.

Configuration - Bioretention components include
pretreatment, flow regulation, ponding area,
planting bed vegetation and surface mulch layer,
engineered soil planting bed, storage layer,
underdrain, sand/native soil interface layer and
observation well (See Figures 1 - 3).
Target Stay-on Depth – The target stay-on depth
shall be determined using an approved model.
(See Consideration L.)

Ponding Area
a.

Maximum Design Ponding Depth – The
design ponding depth shall not exceed 12
inches.

b.

Drawdown Time - In designing the
bioretention device, the design ponding
depth divided by the Design Drawdown Rate
shall not exceed 24 hours.

c.

Side slopes – The side slopes of the berm
that forms the ponding area shall be 2H:1V
or flatter.

Flow Regulation
5.
a.

b.

Inflow – The flow at the inlet to the
bioretention device shall be controlled to
prevent erosion and achieve uniform
distribution across the surface of the soil
planting bed.

a.

Vegetation Plan – A vegetation plan and
planting specifications shall be prepared.
The following apply:
(1) The plan shall identify planting zones
based on anticipated depth of water
level fluctuations and duration of
inundation.

Overflow – The overflow system shall meet
the following requirements:
(1) A weir or standpipe shall be used to
regulate the maximum ponding depth.
The invert of the overflow structure
shall be at the elevation of the maximum
ponding depth of the bioretention
device. This component shall meet the
ponding requirements of section V.B.4.

(2) Rootstock and plugs shall be used in
establishing trees, shrubs and
herbaceous perennials. Seed shall not be
used to establish vegetation.
(3) If the bioretention device receives runoff
from non-residential source areas or
streets, the plant density at maturity
must be low enough to accommodate
long-term maintenance or replenishment
of the surface mulch layer. If the
bioretention device receives runoff only
from residential land uses other than
streets, the mulch layer can be
discontinued at maturity provided that a
dense vegetation layer is formed.

(2) Water discharged from the overflow
shall be conveyed to a stable outlet
leading to a suitable conveyance such as
a swale, storm drain or surface water.
(3) Overflow control structures, such as
curtain drains, that bypass the soil
planting bed and discharge directly to
ground water are allowed only if the
sole source of stormwater runoff is from
rooftops without significant
contamination from industrial activity.
c.

Planting Bed Vegetation and Surface Mulch
Layer

(4) Plants shall be native to the area and
capable of withstanding the
environmental conditions of the
bioretention device such as insect and
disease infestations, drought, water level
fluctuations and regional temperature
variations. Vegetation shall be salt
tolerant when the bioretention device is
likely to receive runoff containing saltbased deicers.

Underdrain – The underdrain shall meet the
requirements of section V.B.8.

2
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The mix shall be designed to
approximate the percentages in Table 1.

(5) Turf grass shall not be used to vegetate
the bioretention device, although it may
be used in the pretreatment area.
Invasive plants and noxious weeds shall
not be used.

Table 1. Engineered Soil Mix
Engineered Soil
Percentage Composition
Component
(by Volume)
Silica Sand
40%
Topsoil
20% if loam texture
30% if sandy loam or
loamy sand texture
Compost
30% - 40%

(6) Woody vegetation shall not be specified
at inflow locations. Trees and
vegetation shall not block flow paths,
create traffic or safety issues, or obstruct
utilities.
(7) The planting plan shall cover plant
placement, planting sequence, planting
time of year, fertilizing, watering and
protection from other stresses such as
animals, wind and sun to maximize
plant growth and survival.

b.

6.

Note: This mixture meets the equivalency requirements
of s. NR 151.12(5)(c)5.i., Wis. Adm. Code.

(8) If the engineered soil will be left to
settle prior to planting, the surface shall
be mulched.

(2) The silica sand component shall be
USDA coarse sand (0.02 to 0.04 inch
diameter), pre-washed to remove clay and
silt particles, and well-drained or dry
prior to mixing. Calcium carbonated,
dolomitic sand, and other substitutions
are not allowed.

Surface Mulch Layer – Shredded hardwood
mulch or chips, aged a minimum of 12
months, shall be placed on the surface of the
bioretention area. The mulch shall be 2 to 3
inches in depth. The mulch shall be free of
foreign material, including other plant
material.

(3) The topsoil component shall be a USDA
classified sandy loam, loamy sand or
loam texture. The topsoil component
textural class shall be verified by a
laboratory analysis or a professional
acceptable to the jurisdiction having
authority.

Engineered Soil Planting Bed
a.

Surface Area – The surface area shall be
determined using an approved model. (See
Consideration L.)

b.

Surface Slope – The surface slope of the
device shall not exceed 1%.

c.

Engineered Soil Depth – After settling, there
shall be sufficient soil to support the rooting
depth of the vegetation. If the storage layer
(V.B.7.) uses gravel, a lens of pea gravel not
to exceed 4 inches shall separate the
engineered soil from the storage layer. The
soil layer (including the pea gravel lens)
shall be at least 3 feet deep.

d.

(4) The compost component shall meet the
requirements of Wisconsin Department of
Natural Resources Specification S100,
Compost.
(5) The engineered soil mix shall be free of
rocks, stumps, roots, brush or other
material over 1 inch in diameter. No
other materials shall be mixed with the
planting soil that may be harmful to plant
growth or prove a hindrance to planting
or maintenance.
(6) The engineered soil mix shall have a pH
between 5.5 and 6.5.
(7) The engineered soil mix shall have
adequate nutrient content to meet plant
growth requirements.

Engineered Soil Composition– The soil shall
be engineered to the following
specifications:

7.

(1) The planting mixture shall consist of a
mixture of sand, compost and topsoil.
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Storage layer – A sand or gravel storage layer
situated beneath the underdrain will facilitate
groundwater recharge because water in this
storage area can not exit via the underdrain. It
can only exit the bioretention device by
WDNR
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of flexible pipe or other material approved
by the administering authority. The pipe
shall be capable of withstanding expected
traffic loads over portions of the pipe
extending beyond the soil planting bed.

infiltration into the native soil. The following
requirements shall be met in designing the
storage layer.
a.

b.

c.

The storage layer is required when the
design infiltration rate of the native soil is
less than 3.6 inches/hour, as determined
using DNR Technical Standard 1002, “Site
Evaluation for Stormwater Infiltration.”
The design thickness of the storage layer
shall be that which results in a total device
drain time of 72 hours, but shall not exceed
48 inches. In calculating the total device
drain time, assume that event runoff has
ended and the bioretention device is fully
saturated prior to the initiation of drawdown.
(Refer to Section VI.U for guidance in
determining the storage layer thickness.)
Gravel Specifications – The gravel shall
meet the coarse aggregate #2 and other
specifications of Wisconsin Standards and
Specifications for Highway and Structure
Construction, Section 501.2.5, 2003 edition,
or an equivalent as approved by the
administering authority. Gravel shall be
double-washed.
Note: Inadequate washing of aggregate may
lead to clogging at the native soil interface.

d.

8.

b.

Size and Material – The pipe shall have a
minimum diameter of 6 inches and be made

d.

Perforations – The total opening area of all
perforation holes combined shall be
sufficient to allow the underdrain pipe to
discharge at full capacity, as would occur if
there were no orifice restriction. The amount
of perforation shall be increased to provide a
margin of safety but shall not be so great as
to compromise structural integrity of the pipe
material.

e.

Pipe Protection – The underdrain pipe shall
be protected from clogging by use of filter
fabric or a filter sock. If the storage layer is
sand, a filter sock shall be used. A cover of
pea gravel may also be used.

(2) Filter Fabric – Filter fabric shall cover
the underdrain pipe and shall not extend
laterally from either side of the pipe
more than two feet. The fabric shall
meet the specifications of Wisconsin
Standards and Specifications for
Highway and Structure Construction,
Section 645.2.4, Schedule Test B, 2003
edition, or an equivalent approved by
the administering authority.

Underdrain – A perforated underdrain pipe is
required unless there is no suitable pipe outlet or
the risk of infiltration failure at the native soil
interface is minimal. The risk of infiltration
failure is assumed to be minimal if the design
infiltration rate of the native soil is determined to
be at least 3.6 inches/hour, as determined using
DNR Technical Standard 1002, “Site Evaluation
for Stormwater Infiltration.”
Pipe Location - The underdrain pipe shall be
placed at the top of the gravel or sand
storage layer.

Orifice Diameter – The underdrain orifice
shall be restricted as necessary so that the
design infiltration rate plus the underdrain
flow rate equals the design draw down rate.
The restriction shall be achieved by using an
adjustable restrictor plate or valve. The
restriction device shall be accessible for
adjustment.

(1) Pea Gravel – If used, the pea gravel
layer shall be at least 4 inches thick.
Pea gravel shall be washed. Pea gravel
shall be large enough to prevent its
falling through the perforations of the
under-drain pipe.

Sand Specifications – A layer of sand may
be used in lieu of gravel to form the storage
layer. The sand shall be washed quartz or
silica. Sand particles shall be 0.02 to 0.04
inches in diameter (USDA Coarse Sand).
Calcium carbonated, dolomitic sand, and
other substitutions are not allowed.

a.

c.

(3) Filter Sock - The openings in the fabric
shall be small enough to prevent sand
particles from entering the underdrain
pipe. The flow rate of the fabric shall be
capable of passing water at a rate equal
to or greater than the flow rate capacity
of the total combined perforations in the
4
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be a minimum of one well per 1,000 square feet
of effective infiltration area. The wells shall be:

underdrain pipe. In addition, the fabric
shall meet the other requirements of
Wisconsin Standards and Specifications
for Highway and Structure Construction,
Section 612.2.8(1-3), 2003 edition, or an
equivalent approved by the
administering authority.
f.

g.

Clean-out Port – The underdrain pipe shall
have a vertical, connecting standpipe to
serve as a clean-out port for the underdrain
pipe. The pipe shall be rigid, non-perforated
PVC pipe, a minimum of 6 inches in
diameter and covered with a watertight cap
that is flush with the ground elevation of the
device.

a.

Located at the center of each section being
monitored.

b.

A minimum 6 inch diameter slotted PVC
pipe, anchored vertically to a footplate at the
bottom of the bioretention device. The top of
the pipe shall be high enough to prevent the
entry of water ponded within the infiltration
device.

c.

Have a secured aboveground cap.

C. Construction Sequencing and Oversight – A
person trained and experienced in the
construction, operation and maintenance of
infiltration devices shall be responsible for
construction of the device. The following apply:

Outlet – The underdrain pipe shall discharge
to an existing drainage system. Examples of
drainage systems include swales, storm
sewers, subsurface dispersal fields and
surface waters.

1.

Construction Site Stabilization –
Construction site runoff from disturbed areas
shall not be allowed to enter the bioretention
device. Runoff from pervious areas shall be
diverted from the device until the pervious
areas have undergone final stabilization.

2.

Suitable Weather – Construction shall be
suspended during periods of rainfall or
snowmelt. Construction shall remain
suspended if ponded water is present or if
residual soil moisture contributes
significantly to the potential for soil
smearing, clumping or other forms of
compaction.

3.

Compaction Avoidance – Compaction and
smearing of the soils beneath the floor and
side slopes of the bioretention area, and
compaction of the soils used for backfill in
the soil planting bed, shall be minimized.
During site development, the area dedicated
to the bioretention device shall be cordoned
off to prevent access by heavy equipment.
Acceptable equipment for constructing the
bioretention device includes excavation
hoes, light equipment with turf type tires,
marsh equipment or wide-track loaders.

4.

Compaction Remediation – If compaction
occurs at the base of the bioretention device,
the soil shall be refractured to a depth of at
least 12 inches. If smearing occurs, the
smeared areas of the interface shall be
corrected by raking or roto-tilling.

(1) A check valve shall be installed when
backflow is possible.
(2) Access for maintenance of the checkvalve shall be provided.
9.

Sand/Native Soil Interface Layer
a.

The interface layer is required when the
design infiltration rate of the native soil is
less than 3.6 inches/hour, as determined
using DNR Technical Standard 1002, “Site
Evaluation for Stormwater Infiltration.”

b.

Three inches of sand shall be placed below
the gravel or sand storage layer, and
vertically mixed with the native soil interface
to a depth of 2-4 inches.

c.

Sand shall be washed quartz or silica 0.02 to
0.04 inches in diameter (USDA Coarse
Sand). Calcium carbonated, dolomitic sand,
and other substitutions are not allowed.

10. Design Infiltration Rate – The design infiltration
rate of the native soil shall not exceed the rate
identified in accordance with WDNR
Conservation Practice Standard 1002 “Site
Evaluation for Stormwater Infiltration”.
11. Observation Wells – If there is no underdrain,
one or more observation wells shall be installed
to monitor drainage from the device. There shall
5
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5.

6.

Placement and Settling of Engineered Soil –
The following apply:
a.

Prior to placement in the bioretention
device, the engineered soil shall be premixed and the moisture content shall be
low enough to prevent clumping and
compaction during placement.

b.

The engineered soil shall be placed in
multiple lifts, each approximately 12
inches in depth.

c.

Steps may be taken to induce mild
settling of the engineered soil bed as
needed to prepare a stable planting
medium and to stabilize the ponding
depth. Vibrating plate-style compactors
shall not be used to induce settling.

Table 2. Typical Pollutant Removal Rates for
Bioretention
Pollutant
Removal Rate (percent)
Total Suspended Solids
901
Metals (Cu, Zn, Pb)
> 952
Total Phosphorus
803
Total Kjeldahl Nitrogen
65-753
Ammonium
60-803
Organics
901
Bacteria
901
1
Source: Prince George’s County Department of
Environmental Resources, 1993
2
Davis, et al., 2003.
3
Davis, et al., 2001.
D. This infiltration device is not suitable for treating
chlorides. Chloride use on source areas tributary to
the bioretention device can be reduced or eliminated
by minimizing the amount of compound used, using
alternative de-icers or using clean sand. Aggressive
sweeping in these areas, along with pretreatment
sumps and filter strips, will reduce the impact of the
sand on the bioretention device.

Planting – The entire soil planting bed shall
be mulched prior to planting vegetation to
help prevent compaction of the planting soil
during the planting process. Mulch shall be
pushed aside for the placement of each plant.

E. A maximum drainage area is established to protect the
device and reduce risk of failure. Potential problems
such as erosion at the inflow points, disruption of the
mulch layer, premature clogging of the device and
inputs of chlorides and sodium will be reduced.
Additionally, numerous smaller bioretention devices
are expected to have better long term performance
when compared to one large device. For large
impervious areas, such as parking lots, dividing the
drainage area up into smaller portions (0.5 – 1 acre) is
recommended. If the total drainage area to a
treatment device must be larger than 2 acres, an
alternative practice should be selected.

VI. Considerations
A. This infiltration device is especially suitable where
other benefits are desired such as shade, windbreak,
noise absorption, reduction in reflected light,
microhabitat for plants and wildlife and improved
aesthetics.
B. Place the infiltration device in a site that is visible to
encourage routine up-keep and maintenance. Choose
a site that provides ample room for maintenance
access to all parts of the device. Consider traffic
visibility and other safety issues when siting the
infiltration device.

F. Longevity of the engineered soil is decreased by
clogging, reduced cation exchange capacity and
accumulation of sodium. Clogging problems can be
reduced by limiting the input of sediment. Cation
exchange capacity can be rejuvenated by the
replacement of the engineered soil. Sodium
accumulation can be countered by adding gypsum to
the soil and/or by allowing about 1” of clean water to
percolate through the planting bed 3 to 4 times in the
spring

C. The bioretention device may be constructed as a
filtration and recovery system followed by discharge
to a storm sewer or surface outlet. Table 2 shows
estimated pollutant removal rates for bioretention
when used as a filtration device:

G. Erosion at the inlet to the bioretention device can be
reduced by using a sump inlet or gravel bed. Level
spreading can be enhanced by the use of a level
spreader or by using multiple pipe inlets.

6
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length of 15 feet and a width to length ratio of about
2:1.

H. Pretreatment - Pretreatment will extend the life of the
bioretention device, particularly when runoff is from
parking lots and streets. Alternatives include grass
channels, grass filter strips, sumps or forebays.
Sumps and forebays should be sized to trap coarse
sand (.02 - .04 inches). Table 3 provides sizing
guidelines for pretreatment grass channels. Table 4
provides guidelines for sizing filter strips.
Pretreatment is not considered part of the effective
infiltration area for purposes of section NR
151.12(5)(c) or NR 151.24(5)(a), Wis. Adm. Code.
I.

J.

If no vegetated pretreatment area is provided, snow
may be piled upgradient of the bioretention device,
preferably upgradient of the pretreatment forebay or
sump. If a vegetated pretreatment area, such as a
filter strip, is provided, it may be used for snow
storage but heavy machinery should not be driven
onto or across the vegetated area.

When possible, the dimensions of the planting bed
should have a minimum width of 10 feet, a minimum
Table 3. Pretreatment Grass Channel Guidance
The grass channel length should be at least 20 feet long. A level spreader should be used between the
grass channel and the bioretention device.
The channel shape should have:
•
A parabolic or a trapezoidal cross-section with a bottom width of 2 to 8 feet.
•
Channel side slopes that are 3 horizontal:1 vertical or flatter.
•
Flow velocities under 1 fps for the 1-year, 24-hour design storm.
•
Flow depth 4 inches or less for the 1-year, 24-hour design storm.

Parameter

Table 4. Pretreatment Filter Strip Sizing Guidance
Stormwater Runoff Inflow
Stormwater Runoff Inflow
Approach From
Approach From
Impervious Parking Lots
Lawns/Landscaped Areas

Maximum
inflow approach
length (feet)
Filter strip slope
Filter strip
Minimum
length

35
≤2%
10’

75

75

Notes

150

>2%

≤2%

>2%

≤2%

>2%

≤2%

>2%

15’

20’

25’

10’

12’

15’

18’

Maximum
Slope = 6%

Example: To pretreat runoff that flows 75 feet across a parking lot before reaching the bioretention device, the
filter strip should be 20 feet long if the filter strip slope is <2% and 25 feet long if the filter strip slope is over
2%.
K. Regulatory Sizing “Caps” – If a bioretention device
designed in accordance with this standard exceeds the
maximum required effective infiltration area
established in s. NR 151.12(5)(c), the designer may
reduce the effective infiltration area in the final
design. Such a reduction is not required, however,
and sizing based on an approved model will achieve
optimal infiltration and device longevity. If the size
of the device is reduced as provided for in NR

151.12(5)(c), then the design should consider
maximizing the pond depth and gravel storage
thickness to compensate for the decrease in the
effective infiltration area.
L. The DNR has created a technical note that may be
used to size bioretention devices. The “Technical
Note for Sizing Infiltration Basins and Bioretention
Devices To Meet State Of Wisconsin Stormwater
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that experienced individuals be consulted to assist
with vegetation selection and establishment.

Infiltration Performance Standards” contains an
approved method to determine the target stay-on
depth and presents an approved infiltration model
(RECARGA) that can be used to determine the
effective infiltration area requirements. Other models
may be used if approved. The Technical Note can be
accessed at:
http://dnr.wi.gov/org/water/wm/nps/stormwater/techst
ds.htm#Post

S. The rooting depth of plants and the depth of the soil
planting bed should be matched to prevent plant roots
from clogging holes in the underdrain.
T.

M. If possible, settling of the planting bed should be
accomplished naturally by allowing the filled bed to
sit for several months. This will require over-filling
the planting area so that after settling the proper
ponding depth is achieved. Watering each lift of the
planting bed to induce settling is not recommended
unless water can be gently applied and the watered lift
is allowed sufficient time (at least 24 hours) to
thoroughly drain prior to adding the subsequent lift
and at least 48 hours prior to adding mulch.

A reasonable underdrain perforation safety factor is 2
to 4. The underdrain outlet may be fitted with an end
wall and rodent shield if allowed by the local
jurisdiction.

U. A 72-hour time limit is established in this standard for
draining water from a fully saturated bioretention
device. This limit is established to reduce the risk of
declining infiltration caused by persistent saturation at
the native soil interface.
The maximum allowable thickness of the storage
layer will depend on how much time is available to
drain water from that layer after time is taken to drain
water from the ponding area and engineered soil. The
water in the ponding area and the engineered soil
exits the bioretention device via the underdrain and
the native soil. The water in the storage layer exits
only via the native soil. The following equations may
be used to determine the allowable storage layer
thickness:

N. The sidewalls of the planting bed and sand/gravel
storage area may be sloped as needed to assure a
stable configuration.
O. To reduce lateral flow of water from the bioretention
device towards pavement foundations, a geotextile
fabric may be placed along the side-walls of the
device.

HP = DP/(Ku + Kn)
HES = (DES * PES)/(Ku + Kn)
D = (72 hours – (Hp + HES )) * Kn
TSL = D/PSL

P. The optimal design pond depth for overall system
function is 6-9 inches.
Q. Plants can be selected to simulate a variety of plant
communities. Forest and forest fringe communities
should contain a mix of trees and shrubs. Trees
should be planted 11-19 feet apart, shrubs 4-7 feet
apart and shrub-tree mixes about 7 feet apart.
Ornamental communities should contain a mix of
shrubs and perennial herbaceous plants. The foliage
canopy of ornamental communities should completely
cover the soil planting bed at the end of two growing
seasons. Meadows and meadow gardens that employ
a mixture of grasses and wildflowers may also be
planted.

Where:
HP = Time to drain the ponding area (hours)
DP = Depth of ponding area (inches)
Ku = Underdrain flow rate (inches/hour)
Kn = Native soil infiltration rate (inches/hour)
HES = Time to drain the engineered soil (hours)
DES = Depth of the engineered soil (inches)
PES = Porosity of engineered soil
D = Maximum depth of water in storage layer
(inches)
TSL = Thickness of storage layer (inches)
PSL = Porosity of gravel storage layer

R. Use plant materials from a certified nursery that offers
a plant warranty. Select plants that can thrive with
minimum maintenance in the environment of the
bioretention device and that have added wildlife value
as food or cover. Section IX includes two references
for plant selection (Shaw and Schmidt, 2003;
Bannerman and Considine, 2003). It is recommended

Using these equations, Table 5 shows sample storage layer
thicknesses for a variety of conditions. Variables include
pond depth, drawdown rate (underdrain flow rate (Ku)
+design infiltration rate (Kn)) and design infiltration rate
(Kn).
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Table 5. Sample storage layer thicknesses (inches) that meet the 72-hour total device drain time
Kn (in/hr)
Pond Depth Ku+Kn
0.07
0.11
0.13
0.24
0.5
1.63
3.6
Storage
Layer
Thickness
(inches)
(in)
(in/hr)
6
6
6
6
9
9
9
12
12

0.24
0.5
1.63
3.6
0.5
1.63
3.6
1.63
3.6

1
9
13
14

2
14
21
23

3
16
25
27

6
29
45
48

48
48
48

48
48

48

7
13
14

12
20
22

14
24
26

25
44
48

48
48
48

48
48

48

12
14

20
22

23
26

43
48

48
48

48
48

48

The following assumptions are incorporated into Table 5:
• Maximum pond depth will drain in 24 hours or less,
• The maximum allowable storage layer thickness is 48
inches,
• The engineered soil depth is 36 inches,
• Engineered soil porosity is assumed to be 27%,
• Storage layer porosity is assumed to be 33%.

3.

Longitudinal and cross-section views of the
device

C. Specifications shall include the following:
1.

A description of the contractor’s responsibilities.

2.

A requirement for the contractor to submit
certifications prior to use for all materials that are
to be incorporated into the project stating
compliance with the standards.

3.

Initial maintenance requirements.

4.

Additional specifications relating to vegetation,
including:

V. A municipal easement may be acquired to facilitate
maintenance.
W. Once the design depth of the storage layer is
determined, it can be reduced as long as the total
storage volume is maintained. This will require
making a corresponding increase in the surface area
of the storage layer. This may be necessary at some
sites to meet the required groundwater separation.

a.

Site preparation sufficient to establish and
grow selected species.

b.

Planting dates, care, and handling of the
plants to ensure that planted materials have
an acceptable rate of survival, including
weeding and watering responsibilities.

c.

Vegetation warranty period

VII. Plans and Specifications
A. Plans and specifications shall be prepared for each
specific field site in accordance with the criteria of
this standard and shall describe the requirements for
applying the infiltration device to achieve its intended
use. Plans shall specify the materials, construction
processes and sequence, location, size, and elevations
of all components of the infiltration device to allow
for certification of construction upon completion.

VIII. Operation and Maintenance
A. An operation and maintenance plan shall be
developed that is consistent with the purposes of this
infiltration device, its intended life, safety
requirements and the criteria for its design. The plan
shall be developed for inspection, operation and
maintenance of the device. The plan shall assign
responsibility for activities and the qualifications of
the personnel performing the work.

B. The plans shall include:
1.

A vicinity map showing the drainage area, device
location and flow paths to and from the device.

2.

A plan view of the device showing the shape,
dimensions, flow paths to and from the device,
vegetation plan (including plant names and
planting locations) and pretreatment components.
9
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Hunt, Bill., 2003. Bioretention Use and Research in North
Carolina and Other Mid-Atlantic States. The NCSU
Water Quality Group Newsletter, May, 2003. North
Carolina State University and A&T State University
Cooperative Extension. 10 pp.

B. At a minimum, the plan shall address operation and
maintenance of all vegetative and non-vegetative
components identified in this standard.
C. At a minimum, the plan shall also include details on
the following: frequency of inspections; inspecting for
sediment buildup and clogging, erosion, trash and
debris build-up and plant health; frequency of
sediment removal; disposal locations for sediment;
pH testing of the soil; frequency of soil, mulch, and
plant replacement; inlet and outlet maintenance, and
providing access to perform the operation and
maintenance activities. The maintenance activities in
the plan shall be consistent with Table 6.

Hunt, Bill. Designing Rain Gardens (Bio-Retention
Areas) Urban Waterways Series Publication, North
Carolina State University and A&T State University
Cooperative Extension. 12 pp.
Livingston, E.H., E. Shaver, J. Skupien and R. Horner.
1997. Operation, Maintenance and Management of
Stormwater Management Systems. Watershed
Management Institute, Ingleside, Maryland.

Table 6. Typical Maintenance Activities for
Bioretention Areas
ACTIVITY
FREQUENCY
Water Plants
As necessary during first
growing season
Water as necessary
As needed after first growing
during dry periods
season
Re-mulch void areas
As needed
Treat diseased trees and As needed
shrubs
Inspect soil and repair
Monthly
eroded areas
Remove liter and debris Monthly
Add additional mulch
Once per year

Prince George’s County Department of Environmental
Resources. 1993. Design Manual for Use of Bioretention
in Storm Water Management. Division of Environmental
Management, Watershed Protection Branch. Landover,
MD.
Prince George’s County Department of Environmental
Resources. 1999. Low-Impact Development Design
Strategies: An Integrated Design Approach. Prince
George’s County, Maryland.
Prince George’s County Maryland. Prince George’s
County Bioretention Manual, November 2001 (revised
December, 2002).
Schueler, T. and H. K. Holland. 2000. Bioretention as a
Water Quality Best Management Practice, in The Practice
of Watershed Protection. Center for Watershed Protection,
Ellicott City, Maryland.

D. Snow shall not be dumped directly onto the
conditioned planting bed.
IX. References

Shaw, Daniel and R. Schmidt. 2003. Plants for
Stormwater Design. Minnesota Pollution Control Agency,
St. Paul, MN.

ASCE, 1992, ASCE Manuals and Reports of Engineering
Practice No. 77, Design and Construction of Urban
Stormwater Management Systems.

Stormwater Management Manual for Western
Washington, Volume 5, Runoff Treatment BMPs,
prepared by the Washington Department of Ecology,
August 2001, Publication No. 99-15.

Bannerman, Roger and E. Considine. 2003. Rain Gardens:
A How-to Manual for Homeowners. University Wisconsin
Extension Publication GWQ037 or Wisconsin Department
of Natural Resources Publication PUB-WT-776 2003.

United States Environmental Protection Agency. 1999.
Storm Water Technology Fact Sheet: Bioretention. Publ.
EPA-832-F-99-012. Office of Water, Washington, D.C.

Claytor, R.A. and T. Schueler. 1996. Design of
Stormwater Filtering Systems. Center for Watershed
Protection, Silver Spring, Maryland.

United States Environmental Protection Agency. 2000.
Low Impact Development: A Literature Review. Publ.
EPA-841-B-00-005. US EPA Low Impact Development
Center, Office of Water, Washington, D.C.

Davis, A.P., et al., 2003. Water Quality Improvement
through Bioretention: Lead, Copper and Zinc Removal.
Wat. Envir. Res., Vol 75(1), pp 73-82.
Davis, A.P., et al. 1981. Laboratory Study of Biological
Retention for Urban Stormwater Management. Wat.
Envir. Res., Vol 73(1), pp 5-14.
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X. Definitions

Infiltration Device (I): A structure or mechanism
engineered to facilitate the entry and movement of
precipitation or runoff into or through the soil.

Approved Model (V.B.): A computer model with an
infiltration component that has been approved by the
applicable regulatory authorities.

Native Soil (I): The undisturbed soil, situated below the
bioretention device.

Curtain Drain (V.B.3.b.(3)): An overflow system
structures consisting of vertical columns of gravel or sand,
called curtain drains, that allow the water quality volume
to bypass the soil planting bed and discharge untreated to
ground water.

NR 151 (V.B.6.d.(1)): Chapter NR 151, Wisconsin
Administrative Code (Runoff Management) that includes
State of Wisconsin performance standards for infiltration.
Pretreatment (V.B.1): Preliminary reduction of pollutants
from storm water prior to discharge of the storm water to
the bioretention device.

Design Drawdown Rate (V.B.4.b.). The rate (inches/hour)
at which water drains from the ponding area through a
combination of infiltration into the native soil and loss
through the underdrain.

Source Area (III): A component of urban land use
including rooftops, sidewalks, driveways, parking lots,
storage areas, streets and lawns from which urban runoff
pollutants and volumes are generated during periods of
snow melt and rainfall runoff.

Design Infiltration Rate (V.B.8.c.): The infiltration rate of
the native soil selected as a basis to size an infiltration
device.

Target Stay-on Depth (V.B.2): The amount of infiltration
required on an average annual basis. It is the portion of
the annual rainfall (inches) on the development site that
must be infiltrated on an annual basis to meet the
infiltration goal.

Design Ponding Depth (V.B.4.a.) The distance (inches)
between the top of the mulch layer and the invert of the
overflow structure.
Effective Infiltration Area (V.B.11) The area of the
infiltration system that is used to infiltrate runoff, not to
include the area used for site access, berms or
pretreatment. For bioretention, the effective infiltration
area is considered to be the surface area of the bottom of
the excavated hole, at the native soil interface.

Total Device Drain Time (V.B.7.b): The time it takes
water to drain from a fully saturated bioretention device.
This includes the time it takes to drain water from the
ponding area, the engineered soil and the storage layer.
Water from the ponding area and engineered soil exit via a
combination of the underdrain and native soil. Water
from the storage layer exits only via the native soil.

Final Stabilization (V.C.1) A condition achieved on
pervious areas when uniform perennial vegetative cover
has been established with a density of at least 70%.

Underdrain (V.B.1.): A perforated drain pipe situated
below the engineered soil bed and above the gravel
storage layer.

Fully Saturated(V.B.7.b) A bioretention device that has a
saturated storage layer, a saturated engineered soil layer
and water ponded to the invert of the overflow pipe in the
ponding area.

Underdrain Flow Rate (V.B.8.c.): The rate at which water
is discharged from the underdrain, as determined by the
orifice flow equation.

Heavy Equipment (V.C.3): Equipment with narrow tracks
or narrow tires, rubber tires with large lugs, or highpressure tires.
Hydraulically connected (V.A.2.a): Two entities are said
to be hydraulically connected if a surface or subsurface
conduit exists between the two such that water is
transmitted from one entity to the other.
Infiltration (II): Entry and movement of precipitation or
runoff into or through the soil. It includes water that may
be subsequently evapotranspired. It does not include
water discharged through underdrains or overflow devices.
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Figure 3. Example of Bioretention Device – cross-section across length of device
Overflow Pipe
Ponding Depth (Maximum 12")
1

Mulch (2-3" hardwood)

≥2

Engineered Soil
(36" minimum)

Filter Fabric

(over perforated
underdrain pipe only)

Pea Gravel (4" minimum)

Perforated
Underdrain Pipe

Gravel or Sand Storage Layer

(48" maximum below underdrain pipe)

(6" minimum diameter)

Sand Interface Layer (3")
Overflow Pipe Drain to Safe Outlet
Effective Infiltration Area

Figure 2. Example of Bioretention Device – cross-section across width of device
Overflow Pipe
side slope

1

Ponding Depth (max. 12")
Mulch (2-3" Hardwood)

≥2

Engineered Soil Planting Bed
(36" minimum)

Filter Fabric

(over perforated underdrain pipe only)

Pea Gravel (4" minimum)
Restricted Underdrain Orifice

Gravel or Sand Storage Layer

(48" maximum below underdrain pipe)

Overflow Pipe Drain
to Safe Outlet

Sand Interface Layer (3")

Underdrain Restrictor Plate

Perforated Underdrain Pipe (6" minimum diameter)
Effective Infiltration Area

Figure 1. Example of Bioretention Device – plan view
See Fig. 2

Runoff Sheet Flow
Gap in Curb

Bioretention Area
Overflow Pipe

Pre-Treatment
Filter Strip

Perforated
Underdrain Pipe

See Fig. 3

Overflow
Pipe Drain to
Safe Outlet

Safe Outlet

Vegetated Infiltration Swale
(1005)
Interim Technical Standard
Wisconsin Department of Natural Resources
Conservation Practice Standard

I.

Definition

Vegetated infiltration swales are stormwater
conveyance systems designed to enhance the
infiltration runoff. A vegetated infiltration swale can
be a natural elongated depression or a constructed
channel. A vegetated infiltration swale differs from a
conventional drainage channel or ditch in that it is
constructed specifically to promote infiltration.

II. Purposes
The primary purpose of this practice is to infiltrate
storm water, while limiting groundwater contamination
by providing filtering of pollutants. Vegetated swales
can also help attenuate peak flows through reducing
runoff velocities and volumes.
III. Conditions where Practice Applies
Vegetated infiltration swales are best suited for
• low- to medium-density residential land uses1, and
• Non-residential areas where infiltration of runoff
is allowable under Chapter NR 151.
Swales are often placed along roads and in drainage
easements in side/back lot lines. Swales are intended
to treat relatively flat and small drainage areas with
contributory areas less than 5 acres. Swales are not
suitable in areas of steep topography or areas with
erodible soils without implementation of additional
measures to reduce flow velocities and protect against
erosion.
This standard does not apply to swales installed to
meet the swale treatment option set forth in ss. NR
151.24(10) and Trans 401.106(10).
IV. Federal, State, and Local Laws
Users of this standard shall be aware of applicable
Federal, State, and local laws, rules, regulations, or

permit requirements governing vegetated infiltration
swales. This standard does not contain the text of
Federal, State, or local laws.
V. Criteria
Vegetated infiltration swales shall be designed to
infiltrate runoff and can be a component of a system
intended to meet the runoff infiltration requirements of
Chapter NR 151. The swale may also be a component
of the stormwater conveyance/storage system.
A. Site Assessment - A site assessment shall be
conducted and documented meeting the
requirements of the WDNR Conservation Practice
Standard “Site Evaluation for Stormwater
Infiltration” (1002). In addition, the site
assessment shall evaluate the alignment of the
infiltration swale in relation to ground slopes;
drainage patterns; and proximity to buildings.
B. Determination of Effective Infiltration Area – In
order to take credit towards the infiltration
requirements in NR 151.12(5)(c), the swale must
meet the criteria outlined in this standard.
The effective infiltration area is the area that can
be counted toward the requirements in NR
151.12(5)(c) and is calculated based on wetted
perimeter of the vegetated infiltration swale at a
flow depth of 1-inch multiplied by the length of
vegetated infiltration swale.
Effective Infiltration Area (ft2) = ½ * Wetted
Perimeter (ft) at 1-inch depth of flow * Length of
Vegetated Infiltration Swale (ft)

Details on the calculation methodology can be
found in Attachment 1.
Vegetated infiltration swales receiving runoff
from source areas outlined under NR 151.12
(5)(c)(4) cannot be counted toward the effective
infiltration area unless the water is effectively pretreated prior to entering the swale. The area of the

Conservation Practice Standards are reviewed periodically and updated if needed. To obtain the current version of
this standard, contact your local WDNR office or the Standards Oversight Council office in Madison, WI at (608) 833-1833.
1
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Words in the standard that are shown in italics are described in IX. Definitions. The words are italicized the first time they are used in the text.

pre-treatment device shall not be counted toward
the effective infiltration area.
C. Pre-treatment - As with other infiltration devices,
vegetated infiltration swales require pretreatment
of stormwater to remove sediment from source
areas listed in NR 151.12 (5)(c)(4). Pretreatment
can be accomplished through the use of practices
such as grassed swales, detention basins, and
vegetated filter strips.

F. Velocity and Depth Criteria – A maximum
velocity is based on providing adequate residence
time for infiltration, allowing for a stable swale
design, and preventing re-suspension and scour of
sediment.

If a pre-treatment swale is used, the length of pretreatment shall be calculated based on the
following equation with a minimum length of 200
feet:
L = v * HRT * 60s/m
Where:
L = Swale length in feet
v = Peak flow velocity in fps for 2-year, 24hour design storm
HRT = Hydraulic residence time in minutes
shall be either:
• 5-minutes for infiltration rate greater than
or equal to 0.5 inches per hour (sandy
loam).
•

Ditch checks, if allowed by the regulatory
authority, shall be installed as necessary to
reduce velocities, extend detention time, or
retain a design volume. Refer to Technical
Standard 1062 Ditch Checks for design
requirements.

G. Swale Geometry Criteria a -

Kswale (inches/hr.) = ½ Kstatic
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Manning’s roughness coefficients, “n”, shall
be selected consistent with the type of
vegetation, mowing height, and depth of flow.
Attachment 2 provides guidance on selection
of Manning’s n values for shallow depth of
flows.

If utilizing ditch checks, ensure that the
design allows for no standing water within 24
hours after a rainfall / runoff event.

If a pre-treatment swale is used, the area of the
pre-treatment swale shall not be counted toward
the effective infiltration area

2

2.

3.

Infiltration rates shall be determined in
accordance with WDNR Conservation
Practice Standard Code 1002, “Site
Evaluation for Stormwater Infiltration.”

E. Infiltration Volume Credit - The volume of
water infiltrated and the resulting pollutant
reduction must be quantified through the use of an
approved model.

Peak flow velocity for the 2-year, 24-hour
design storm shall not exceed 1.5 feet per
second and have a maximum flow depth of
12-inches. For larger design storms greater
than the 2-year, 24-hour, velocities shall be
non-erosive.

When calculating the infiltration volume, if
the approved model does not vary Manning’s
n with the depth of flow, a default value of
0.30 can be used for the Manning’s n
provided the flow depth does not submerge
the vegetation.

8-minutes for infiltration rate less than
0.5 inches per hour (sandy loam).

D. Design Infiltration Rate - The design infiltration
rate for swale (Kswale) shall be ½ the infiltration
rate (Kstatic) determined in accordance with
WDNR Conservation Practice Standard Code
1002, “Site Evaluation for Stormwater
Infiltration.” This is to account for the dynamic
nature of a swale in which water is moving
through the system rather than the static nature of
the infiltration tests where the water is allowed to
pond.

1.

a

1.

Swales shall have side slopes no steeper
than three horizontal to one vertical (3:1)
for trapezoidal channels and 4:1 for
triangular shaped swales. Flatter side
slopes are recommended to reduce
erosion potential and increase infiltration
area.

2.

The bottom width of the swale is shape
dependent but shall be a maximum of 6feet. If widths greater than 6-feet are
needed then length-wise dividers shall be

This standard does not set forth criteria for the analysis of site hydrology,
system hydraulic analysis for large flows, or channel stability See Reference
Section X.

employed such that the maximum width
of any given cell is 6-feet.
3.

The longitudinal slope of the swale shall
between 1% and 4%.

H. Vegetation - Swales shall be planted with native
vegetation or seeded with turf grass. A specific
planting guide shall be prepared for each project.
A companion (cover) crop may be necessary for
establishing native vegetation. Depending on
location of the swale, vegetation shall be selected
that is tolerant of road salt and wetness. A
planting medium that can support the selected
vegetation shall be installed.
To maintain vegetation, infiltration swales shall be
designed to have no standing water within 24
hours after a rainfall / runoff event.
Sod shall not be used. Sod does not establish
roots as well as seed and often has muck soils not
conducive to infiltration.
I.

Site Layout - The site layout shall consider
features such as location of infiltration swales
relative to buildings, water supply wells, lot
boundaries, and existing or proposed public rightsof-way.
1.

J.

Where a swale accepts runoff from more than
one property, it shall be located in a legally
established drainage easement granting access
for maintenance, or in a public right-of-way.

2.

Swales shall not be hydraulically connected
to foundations or cause negative impacts to
structures.

3.

Swales shall not be located such that overflow
from the swale could cause flooding of
existing or proposed buildings during storms
with recurrence intervals commensurate with
the degree of hazard.

Construction Criteria - Following excavation,
exclude vehicles and heavy equipment from
entering the infiltration swale area to prevent
compaction. To minimize or mitigate the effects
of compaction during construction and to control
soil erosion associated with construction:

1. Compaction Mitigation – The effects of
compaction shall be mitigated using the
following methods:
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2.

a.

Incorporate soil additives consisting of
two inches of compost and two inches of
topsoil.

b.

The compost shall be incorporated into
the existing soil using a chisel plow or
rotary device with the capability of
reaching to 12 inches below the existing
surface.

c.

The compost component shall meet
Wisconsin Department of Natural
Resources Specifications S100 Compost.

A construction erosion control plan shall be
prepared. Prior to compaction mitigation and
final grading of the infiltration swale, the
drainage area to the swale shall have proper
erosion controls in place to prevent sediment
from entering the swale, and the lot(s) adjacent
to the swale shall be stabilized. Any sediment
entering the swale during construction shall be
removed after the tributary area is stabilized.
The infiltration swale itself shall also be
stabilized following compaction mitigation and
final grading. Stabilize swale prior to receiving
runoff. For stabilization design criteria for
tributary areas and the swale itself, refer to
WDNR Conservation Practice Standards
Channel Erosion Mat (1053), Mulching for
Construction Sites (1054) and Seeding for
Construction Site Erosion Control (1059).

VI. Considerations
These additional factors are set forth to enhance the
use of this practice, or to address special cases that
may arise in the implementation of the practice.
A. Swales should be designed to have hydraulic
capacities that meet applicable local government
or state agency requirements for conveying runoff
from large storms, and they should also be
designed as part of a major stormwater
management system as defined in this standard.
B. The number and length of swales is dictated by the
topography and amounts of runoff from the
contributing area. For a given depth of flow, the
width of a swale depends on the rate and velocity
of flow through the swale. Minimum length and
width requirements to achieve infiltration and
water quality improvements may limit the use of a
swale at some sites.
C. The establishment of deep-rooted vegetation will
enhance infiltration.
3

D. Swale geometry should attempt to maximize the
infiltrative surface but avoid convergence of flows
that may result in erosion or gullies.
E. Excavation hoes, light equipment with turf-type
tires, marsh equipment, or wide-track loaders
should be used to construct swales.
F. Public education is recommended to inform local
residents of the swale's purpose and to discourage
dumping of leaves or parking on the edge of the
swale.
G. This infiltration device is not suitable for treating
chlorides. Chloride use on source areas tributary
to a swale can be reduced or eliminated by
minimizing the amount of compound used, using
alternative de-icers or using clean sand.

areas. Fill any eroded areas with topsoil and
reseed.
F. If during construction or maintenance erosion
becomes severe enough to prevent establishment
of vegetation, additional erosion control measures
shall be taken. Refer to WDNR Conservation
Practice Standards 1053, 1054, and 1059 for
further guidance.
G. When maintenance is required the infiltration
capacity of the swale shall be restored. Vegetation
shall be reestablished following compaction
mitigation.
H. Annual inspections shall be made to detect and
remedy nuisance conditions such as mosquitoes,
weeds, woody growth and trash dumping.
IX. Definitions

VII. Plans and Specifications
Plans and specifications shall be prepared in
accordance with the criteria of this standard and shall
describe the requirements for applying the practice to
achieve its intended use. Plans shall specify the
materials, construction processes, locations, size and
elevations of all components of the practice to allow
for certification of construction upon completion.
VIII. Operation and Maintenance
A. An operation and maintenance plan for the
specific swales shall be prepared. The responsible
party shall be identified.
B. Consider prevention of off-street parking or other
activities that may cause rutting or soil
compaction in the swale.
C. Pesticides and fertilizer shall be used in
moderation, and only if needed to establish or
maintain dense vegetation.
D. Vegetation shall be mowed or cut such that the
proper design height is maintained. To take
credit for potential phosphorus removal by the
swale, mowed/cut vegetation must be removed as
part of routine maintenance.
E. Sediment shall be removed when infiltration rates
are impeded or sediment reaches a height of 2inches. Minimize serious disturbance of the
vegetation and avoid compaction of the soil in the
swale during the sediment removal process. After
sediment removal, repair any damaged or eroded
4
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Approved Model (V.E.): A computer model with an
infiltration component that adequately accounts for the
hydraulic nature of swales and that has been approved
by the applicable regulatory authority. Examples
include SLAMM, P-8, and RECARGA.
Compost (J.1.): A mixture that consists largely of
aerobically decayed organic waste.
Design Infiltration Rate (V.D.): A velocity, based on
soil structure and texture, at which precipitation or
runoff enters and moves into or through soil. The
design rate is used to size an infiltration device or
system. Rates are selected to be minimal rates for the
different types of soils. Selection of minimal rates will
provide a robust design and maximize the longevity of
the device.
Effective Infiltration Area (V.B.): The area of the
infiltration system that is used to infiltrate runoff. Does
not include the area used for pretreatment.
Hydraulically Connected (I.): Two entities are
considered to be hydraulically connected if a surface or
subsurface link exists between the two exist such that
water is transmitted from one entity to the other.
Low -density Residential Land Use (III): Single-family
houses on lots with areas of 19,000 square feet or
greater.
Major Stormwater Management System (VI.A): The
stormwater management facilities that are intended to
convey and/or store runoff in excess of the capacity of
the minor system. The minor system is designed to

function frequently to prevent nuisance flooding and is
sized for a smaller storm than the major system,
generally a 10-year storm. The major system is
primarily designed to function infrequently to prevent
flooding of buildings and ponding of runoff in
locations where it could promote harmful infiltration
and inflow to sanitary sewers. The major system is
generally designed for a 100-year storm. It consists of
the components of the minor system, such as overland
flow, swales, curbs and gutters, storm sewers, and
detention/retention basins, and also includes the entire
roadway cross section and associated swales or
overland flow paths ultimately discharging to receiving
streams.
Medium-density Residential Land Use (III): Singlefamily houses on lots with areas ranging from 10,900
to 18,999 square feet.

Guidelines for Storm Water Management Practices,
Gary D. Bubenzer, Series Editor, UW-Extension, 2000
Maryland Department of the Environment, Water
Management Administration, 2000 Maryland
Stormwater Design Manual, Volumes I and II, 2000.
Minton, Gary R. Stormwater Treatment Biological,
Chemical, and Engineering Principals,
Sheridan Books, Inc. 2005.
Pitt, R. and Voorhees, J. 1996. SLAMM for WindowsSource Loading and Management-Version 8.
Schueler, Thomas R., Controlling Urban Runoff: A
Practical Manual for Planning and Designing Urban
BMPs, Department of Environmental Programs,
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Attachment 1:
Calculation of Effective Infiltration Area
Vegetated Infiltration Swales (1005)
The effective infiltration area as outlined in NR 151 is defined as the area of the infiltration system that is
used to infiltrate runoff and does not include the area used for site access, berms, or pretreatment. The area
of infiltration is calculated for a swale based on the wetted perimeter of the swale. However, the swale is
rarely flowing at capacity under the numerous smaller rainfall events that dominate an average year, so the
wetted perimeter at the design capacity of the swale (typically a 2-year or 10-year storm) is not appropriate.
The effective infiltration area is determined as follows:
Effective Infiltration Area (ft2) = ½ * Wetted Perimeter (ft) * Length of Vegetated Infiltration Swale (ft)

For the purpose of NR 151, the wetted perimeter will be calculated at a 1-inch (0.083 feet) depth of flow.
The 1-inch depth of flow is intended to simulate the water quality volume. The multiplication by ½ is to
account for the reduced infiltration rate in swales compared to other practices such as infiltration basins
were water is allowed to pond. Wetted perimeter can be calculated as outlined below.

Trapezoidal Channel Cross section:
Wetted Perimeter, p

d

p = b + 2d ( Z 2 + 1 ) 1/2

d = 0.083 ft
e

b

Z = e/d

Triangular Channel Cross section:
Wetted Perimeter, p

d

p = 2d ( Z 2 + 1 ) 1/2

e

d = 0.083 ft

Z = e/d

Parabolic Channel Cross section
Wetted Perimeter, p

Top Width of
flow, t

p = t + (8 d 2 ) / (3 t)

t = a / (0.67 d)

Cross-sectional
Area of flow, a

a = 2/3 (t d)

Conservation Practice Standards are reviewed periodically and updated if needed. To obtain the current version of
this standard, contact your local WDNR office or the Standards Oversight Council office in Madison, WI at (608) 833-1833.
1

t
d = 0.083 ft

WDNR, WI
5/07

Words in the standard that are shown in italics are described in IX. Definitions. The words are italicized the first time they are used in the text.

Attachment 2:
Calculation of Manning’s n Values
Vegetated Infiltration Swales (1005)
Manning’s n, the roughness coefficient, varies with the type and height of vegetation and the depth of flow.
Typically, vegetation creates a significant flow resistance at lower flows when the grass remains erect and
the water surface is below the top of the vegetation. Vegetated infiltration swales are designed to convey
runoff from smaller more frequent storm events and thus at lower flow depths than typically encountered
using the typical design-storm methodology (i.e. 2-year or 10-year storm). Figure 1 shows a variation of
Manning’s n with flow depth. Figure 1 assumes dense turf type vegetation mowed to a height of 4-inches.
This is consistent with published values that show a Manning’s n value of 0.030 for short turf grass under
higher flow conditions (Chow, 1959) in which the vegetation is submerged.
Figure 1: Manning’s n Under Different Flow Depths

Source: Minton 2005

Research has shown that Manning’s n can be related to the product of the flow velocity and the hydraulic
radius. This relationship is further dependent again on the type and height of vegetation. Currently, data
does not exist for native prairie vegetation.

Conservation Practice Standards are reviewed periodically and updated if needed. To obtain the current version of
this standard, contact your local WDNR office or the Standards Oversight Council office in Madison, WI at (608) 833-1833.
1
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Method for Predicting the Efficiency of
Proprietary Storm Water Sedimentation Devices
(1006)
Wisconsin Department of Commerce
Wisconsin Department of Natural Resources
Conservation Practice Standard

Introduction and Organization
Both regulators and the regulated community must be
able to predict how well proprietary sedimentation
devices will perform in the field. These predictions
will be used in storm water management planning
and for evaluating compliance with regulatory and
grant programs.
The purpose of this standard is to establish a uniform
process for predicting the site-specific efficiency of
proprietary sedimentation devices. There are two
approaches that may be used in Wisconsin to meet
state regulatory and grant requirements:
•

One is to use an acceptable model that calculates
efficiency based on Stokes’ Law settling.

•

The other is to use an acceptable model that
contains device-specific efficiency data in lieu of
Stokes’ Law settling.

This technical standard is separated into four
divisions. The first division is the core of the
technical standard, and includes modeling and
reporting requirements for predicting device

efficiency using either Stokes’ Law settling or
device-specific efficiency data. The second division
is Appendix A, which establishes criteria for
acceptable models. The third division is Appendix B,
which establishes laboratory testing criteria for
defining device-specific efficiency curves when used
in lieu of Stokes’ Law settling. The fourth division is
Appendix C, the required method for using a coulter
counter to quantify small sediment particles under the
laboratory testing protocol.
Throughout the text of this standard and its
appendices:
•

the term “Section” refers to portions of the
technical standard proper;

•

the term “Part” refers to portions of the
appendices;

•

criteria are requirements that must be met to
comply with the standard; and

•

considerations include additional background
information and recommendations, which may
be followed at the discretion of the user.

Conservation Practice Standards are reviewed periodically and updated if needed. To obtain the current version of this standard,
contact your local WDNR or Dept. of Commerce office, or the Standards Oversight Council Coordinator at (608) 441-2677.
Words in the standard that are shown in italics are described in VIII. Definitions. The words are italicized the first time they are used in the text.

WDNR, Commerce
5/08

TABLE OF CONTENTS
Method for Predicting the Efficiency of Proprietary Storm Water Sedimentation Devices
I.
II.
III.
IV.
V.

Definition
Purpose
Applicability
Federal, State and Local Laws
Criteria
A.
B.
C.

VI.
VII.
VIII.

Modeling Requirements
Requirements for Reporting Performance Predictions
Device Installation & Maintenance Requirements

Considerations
Bibliography
Definitions

Appendix A. Criteria for the Theoretical Sedimentation Modeling Method and the Laboratory
Data-Based Sedimentation Modeling Method
1.0
2.0

Introduction
SLAMM Modeling Procedures
2.1
2.2
2.3

3.0

General SLAMM Modeling Requirements
Additional SLAMM Modeling Requirements for the Theoretical Modeling
Method
Additional SLAMM Modeling Requirements for the Laboratory Data Based
Modeling Method

Approval of Models

Appendix B. Wisconsin Laboratory Test Method for Determining and Reporting the
Performance of Proprietary Storm Water Sedimentation Devices
1.0
2.0
3.0
4.0
5.0
6.0
7.0

Introduction
Laboratory and Data Analyst Qualifications
Sediment Removal Performance Testing
Scour Verification Testing
Quality Assurance and Control
Reporting Test Results
Considerations

Appendix C. ESS INO Method 355.3: Beckman Coulter Multisizer 3, Particle–size Counter

2

WDNR, Commerce
5/08

I.

concentration of total suspended solids
discharged from a sedimentation device
installed to treat runoff from a specific
drainage area of defined characteristics.

Definition

This standard includes modeling, data and reporting
requirements for predicting the efficiency of
proprietary flow-through storm water sedimentation
devices (devices) in reducing total suspended solids
mass loads and concentrations. This standard also
includes device installation and maintenance
requirements necessary to assure devices are installed
consistent with modeling assumptions. This standard
does not constitute a general product approval
method.

a.

The Source Loading and Management
Model (SLAMM) is accepted for this
use when applied in accordance with
the modeling procedures specified in
Appendix A, Parts 1.0 and 2.0.

b.

The administering authority may
approve other models using the
approval process set forth in Appendix
A, Part 3.0.

II. Purpose
This standard is used to predict the reduction in the
average annual mass load of total suspended solids
and to predict the concentration of total suspended
solids discharged from a sedimentation device when
installed to treat runoff from a specific drainage area
of defined characteristics. Application of this
standard provides information necessary for
regulators and the regulated community to predict the
effectiveness of these devices in meeting regulatory,
grant-based and other storm water management
requirements and goals.

2.

a.

Theoretical Sedimentation Modeling
Method. This method predicts the total
suspended solids reduction efficiency of
a device based on principles of gravity
settling (Stokes’ Law and Newton’s
Law).

Note: See Consideration VI.C for a discussion of
Stokes’ and Newton’s law settling.

III. Applicability

b.

A. This standard applies to devices installed to
control total suspended solids, through
sedimentation processes, from development, new
development, re-development and infill areas.
B. These methods and procedures are acceptable as
a basis for evaluating whether predicted device
performance meets State of Wisconsin regulatory
and grant requirements for urban storm water
management.

Laboratory Data-Based
Sedimentation Modeling Method.
This method predicts the total
suspended solids reduction efficiency of
a device based on device-specific
efficiency data generated in a laboratory
in lieu of generic gravity settling
algorithms.
i. The efficiency data for tested devices
shall be generated in accordance with
the laboratory testing protocol and
reporting requirements presented in
Appendix B.

Note: See Consideration VI.A and VI.B. for
information about state requirements.

IV. Federal, State and Local Laws

ii. Laboratory data collected and
evaluated in accordance with Appendix
B may be scaled for use with untested
devices in the same device
classification. Scaling shall meet the
requirements of Appendix B, Part 3.2.A
and the analysis and reporting
requirements of Appendix B, Part 6.0.

Users of this standard shall be aware of applicable
federal, state and local laws, rules, regulations or
permit requirements governing the installation,
maintenance and required treatment efficiency of
proprietary devices. This standard does not contain
the text of any federal, state or local laws.
V. Criteria

Note: In this method, the device pollutant
reduction efficiency reflects the sum total of
gravimetric and enhanced settling processes
provided by the device. Although scour is not
modeled as a separate process, scour testing is
required to identify the design treatment flow rate

A. Modeling Requirements
1.

Model Process Sub-routines. The model
may predict pollution control efficiency
based on either of the following:

Accepted Model Required. An accepted
model shall be used to predict the reduction
in the average annual mass load of total
suspended solids and to predict the
3
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and by-pass requirements for modeling and
installation.

a.

B. Requirements for Reporting Performance
Predictions. The following information shall be
reported to the administering state agency in
support of performance predictions for a device
installed to control total suspended solids in a
drainage area of specified characteristics.
1.

Device name, schematic (plan and elevation)
diagrams and model number.

2.

Device cross-sectional surface area and
dimensions used in making the surface area
calculation.

3.

Design treatment flow rate for the device.

4.

Sump information, including: depth of clean
sump (in feet) as measured from the bottom
of the sediment chamber to the outlet invert;
and maximum allowable sediment depth (in
feet) as measured from the bottom of the
sediment chamber to the top of the
maximum allowable sediment depth.

5.

By-pass information, including: location
(internal, external); flow-rated capacity; and
justification for selected by-pass capacity.

6.

Tributary area size, land use type, acres of
the paved and unpaved surfaces, and the
connectedness of these areas to the storm
drain system.

7.

Identity of model input files.

8.

Efficiency determinations:
a.

Average annual % reduction of total
suspended solids mass load; and

b.

Range and mean of the event-mean total
suspended solids discharge
concentrations.

Note: See Considerations VI.D. for the derivation
of this factor.

b.

The device shall be installed in accordance
with manufacturer recommendations.

2.

The installed device shall be equipped with
an internal or external bypass to divert flows
in excess of the design treatment flow rate.

For the Laboratory Data-Based
Sedimentation Modeling Method, the
design treatment flow rate shall be
determined through the scour
verification testing conducted under
Appendix B, Part 4.0.

3.

Accumulated pollutants shall be removed
from the device as recommended by the
manufacturer. This includes periodic
removal of sediment to maintain device
efficiency and reduce scour. Sediment shall
not be allowed to accumulate to a depth
greater than the maximum recommended
sediment storage depth.

4.

If the device is modeled using the
Theoretical Sedimentation Modeling
Method, the device shall be equipped with
either a permanent pool having a depth at
least three (3) feet above the maximum
sediment storage depth to reduce scour, or
shall be equipped with internal flow control
structures to reduce scour velocities.
Note: See Consideration VI.E for a discussion of
scour.

VI. Considerations
A. Regulations Comm 20, Comm 60, NR 151 and
NR 216, Wis. Adm. Code, either contain or
make reference to requirements for reducing the
average annual mass load of total suspended
solids discharged in storm water runoff to waters
of the state. Comm 82, Wis. Adm. Code,
establishes requirements for the effluent
concentrations of total suspended solids
discharged from storm water plumbing systems
to subsurface dispersal or irrigation areas.

C. Device Installation and Maintenance
Requirements. Proprietary sedimentation
devices shall be installed and maintained in a
manner consistent with laboratory testing and
modeling assumptions used to predict
effectiveness. This includes the following
requirements:
1.

For the Theoretical Sedimentation
Modeling Method, the design treatment
flow rate shall not exceed .08 cfs/ft2,
where ft2 is the cross sectional area of
the primary sedimentation chamber.

B. Comm 82, Wis. Adm. Code, also includes
effluent limitations on the discharge of oil &
grease, BOD5 and fecal coliform from storm
water plumbing systems to subsurface dispersal
or irrigation systems. This standard does not
address the effectiveness of these devices for
reducing these pollutants.
C. The theoretical sedimentation model approach
applies the upflow (surface overflow) equation to
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a defined particle size distribution. The predicted
reductions apply to the influent load estimated
for each runoff event. Load reductions are
predicted by particle size class. Scour is not
typically modeled as a separate process. The
model also predicts the event mean total
suspended solids discharge concentrations for
each runoff event based on the combined effects
of device treatment and by-passing.

practical, as it can be met by nearly all of these
devices using their existing by-pass capacities.
E. The Theoretical Sedimentation Modeling
Method assumes no re-suspension (scour) of
previously trapped material, which is known to
occur and which will decrease efficiency of the
device. The requirement for by-pass or internal
flow controls is meant to reduce scour so that
modeled efficiency is closer to actual operating
efficiency. The Theoretical Sedimentation
Modeling Method also does not account for any
other processes, such as filtration, which can
increase pollution control efficiency.

The method predicts retention efficiency based
on the upflow (surface overflow) equation:
v= Q/A, where:
v = critical particle settling velocity
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For devices modeled using the Theoretical
Sedimentation Modeling Method, this depth is
specified by the device manufacturer.
For devices modeled using the Laboratory DataBased Sedimentation Method, it is the sediment
depth at which the device passes the scour
verification test specified in Appendix B, Part 4.0.
New development (III.A.): As defined in NR 151.002,
Wis. Adm. Code.
Proprietary flow-through storm water sedimentation
device (I): A chamber or set of chambers (which may
include internal baffles or other equipment and
associated piping) that is provided as a defined
product by a commercial vendor, and is warranted by
that vendor to provide specific storm water pollutant
removal performance under specified conditions.
These devices can consist of prefabricated equipment
supplied by a manufacturer, structures constructed
on-site, or a combination thereof.
Redevelopment (III.A.): As defined in NR 151.002,
Wis. Adm. Code.
Regulatory (II): Decisions made in administering
state storm water management requirements. This
includes sites regulated by the Department of Natural
Resources under NR 151 and NR 216, Wis. Adm.
Code, and the Department of Commerce under
Comm 20, Comm 60 and Comm 82, Wis. Adm.
Code.
Sedimentation processes (III.A.): Removal of
sediment by a device through entrainment in the
settling chamber(s). Includes basic gravity settling as
well as settling enhanced through other physical
processes such as centrifugation or tube settling. It
does not include the effects of filtration.
Storm water plumbing system (VI.A.): Piping,
appliances and devices that convey, hold or treat
storm water from building runoff. This includes all
piping connected to piping conveying runoff from
buildings. The portion of the storm plumbing system
under the authority of the Wisconsin Uniform
Plumbing Code is that portion conveying storm water
to the municipal system or discharging to grade.
Suspended sediment concentration (Appendix B, Part
3.1.C.): Operationally defined as the concentration or
mass of sediment determined by testing under
method ASTM D3977-97 (1989 Standard Methods).
Total suspended solids (I): Operationally defined as
the concentration or mass of sediment determined by
testing under method EPA 160.2 (EPA 1979).

VIII. Definitions
Administering state agency (V.B.): The state agency
or its agents responsible for administering the storm
water regulations applicable to the site. Responsible
state agencies are the Department of Natural
Resources for NR 151 and NR 216, Wis. Adm. Code,
and the Department of Commerce for Comm 20,
Comm 60 and Comm 82, Wis. Adm. Code.
Average Annual (II): A condition (such as rainfall or
mass load) characterized by a calendar year of
precipitation, excluding snow, which is considered
typical. Typical average rainfall years for five regions
in Wisconsin are available from the Department of
Natural Resources.
Design treatment flow rate (V.B.3.): The maximum
hydraulic discharge capacity (volume/time) of the
sedimentation treatment chamber allowable for
installations in Wisconsin. It is the capacity at which
scour losses are acceptable, as determined by the
requirements of this standard.
Note: The design treatment flow rate has a safety factor
built in. The safety factor is 1.5 for devices modeled with
the Theoretical Sedimentation Modeling Method (See
VI.D.). The safety factor is 1.2 for devices that have had a
scour verification test under Appendix B, Part 4.0.

Development (III.A.): As defined in NR 151.002,
Wis. Adm. Code.
Devices (I): See definition of Proprietary flowthrough storm water sedimentation device.
Device classification (Appendix B, Part 1.1): A group
or “family” of devices that include similar geometry,
flow pattern, sedimentation mechanism and highflow bypass ability. Devices in the same
classification are best thought of as a series of
devices of different sizes offered under a similar
name by the same manufacturer.
General product approval method (I): A method that
gives blanket approval for use of a device.
In-fill area (III.A.): As defined in NR 151.002, Wis.
Adm. Code.
Maximum recommended sediment storage depth
(V.C.3.) This is the maximum depth of sediment
accumulation recommended by the manufacturer to
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Appendix A
Criteria for the Theoretical Sedimentation Modeling Method and
Laboratory Data-Based Sedimentation Modeling Method
rate. The modeled design treatment flow rate
of the device shall not exceed the flows
allowed under sections V.C.2.a or V.C.2.b
of the standard.

1.0 Introduction
This appendix contains modeling requirements for
predicting the site-specific efficiency of proprietary
flow through sedimentation devices. The pollution
reduction algorithms used in the model may be based
either on basic Stokes’ Law settling or on devicespecific efficiency data generated under the lab
protocol set forth in Appendix B.

D. Efficiency calculations shall include by-pass
effects in final calculations of mass load
reduction and concentration of total
suspended solids discharged in the device’s
effluent. Water by-passed around the
sedimentation chamber shall be modeled as
receiving zero treatment.

SLAMM is an accepted model for both the
theoretical sedimentation modeling method and the
laboratory data-based modeling method. Part 2.0 of
this appendix covers requirements for using the
Source Loading and Management Model (SLAMM).

E. The device surface area shall be the planview area of the settling chamber where the
bulk of the sedimentation occurs.

An alternative model to SLAMM may be used, but it
must be accepted by the administering authority
under Part 3.0 of this appendix.

F. Credit shall not be given for sedimentation
that occurs, or is predicted to occur, in storm
water conveyance pipes leading to or exiting
the device.

2.0 Modeling Procedures
Note: See Section V.B of this technical standard
for reporting requirements.

2.2 Additional SLAMM Modeling Requirements
for the Theoretical Modeling Method

2.1. General Modeling Requirements. The
following requirements apply when using
models in either the theoretical sedimentation
modeling method or the laboratory data-based
sedimentation modeling method.

A. SLAMM version 9.0.1, or later, shall be
used. The SLAMM model is available from
PV & Associates at
http://www.winslamm.com.
B. For model versions 9.0.1 through 9.2.0, the
catch-basin subroutine shall be used to
model the device. For model version 9.2.1 or
later, the hydrodynamic device subroutine
shall be used.

A. The NURP particle size distribution shall be
assumed for the influent storm water.
Note: The NURP particle size distribution is
shown in the first two columns of Appendix B,
Table B-6.

C. Parameter files appropriate for use in
Wisconsin are identified in Table A-1. File
selection depends on the version of SLAMM
being used. Parameter files shall be selected
in accordance with the following Table A-1.

B. The rainfall files shall meet those specified
by the Department of Natural Resources.
Note: DNR requirements for rainfall files can be
found either in NR 151, Wis. Adm. Code, or on
the DNR Website.

C. The device shall be modeled to by-pass
flows greater than the design treatment flow
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Table A-1.

Parameter Files Required When Using SLAMM for the Theoretical Sedimentation Modeling
Method or the Laboratory Data-Based Sedimentation Modeling Method

Parameter File

Model v. 9.0.1

Model v. 9.1.0 –
9.1.2____
____

Select files, start & end
dates in accordance with
s. NR 151.12(1)

Select files, start &
end dates in
accordance with s.
NR 151.12(1)

Particle Size Distr.
Pollutant File
Delivery File
Particulate Solids
Concentration File
Runoff Coefficient File

NURP.cpz
WI_GEO01.ppd
WI_DLV01.prr
WI_AVG01.psc

NURP.cpz
WI_GEO01.ppd
WI_DLV01.prr
WI_AVG01.psc

WI_SL01.rsv

WI_SL01.rsv

Street Delivery Files

WI_Com Inst Indust
May05.std
WI_Res and Other Urban
May05.std

WI_Com Inst Indust
May05.std
WI_Res and Other
Urban May05.std
Freeway.std

Rainfall (*.ran)

2.3 Additional SLAMM Modeling Requirements
for Laboratory Data-Based Modeling Method

Model v. 9.2.0
Select files, start &
end dates and
winter season range
in accordance with
s. NR 151.12(1)
NURP.cpz
WI_GEO01.ppd
WI_DLV01.prr
WI_AVG01.psc
WI_SL06
Dec06.rsv
WI_Res and Other
Urban Dec06.std
WI_Com Inst Indust
Dec06.std
Freeway Dec06.std

3.0 Approval of Alternative Models
A. The administering authority may approve
the use of a model other than WinSLAMM.
In making its determination, the
administering authority will use the
following process.

A. SLAMM version 9.2.1, or later, shall be
used.
B. The hydrodynamic device subroutine shall
be used.

B. The applicant shall submit a written request
to the administering authority that identifies
the proposed model and justification as to
why the alternative model should be
accepted.

C. The parameter files shown in Table A-1 for
model version 9.2.1, or later, shall be used.
D. Lab tested efficiency input data – The
device performance shall be modeled using
efficiency data developed from the data
collected and analyzed in accordance with
Appendix B.

C. If acceptable monitoring data has been
collected during field test, the justification
for acceptance of the alternative model shall
be based on a comparison of modeled device
efficiency to monitored device efficiency. In
the absence of acceptable monitoring data,
the device efficiency determined with the
alternative model shall be compared with the
device efficiency determined using
WinSLAMM.

Note: The Department of Natural Resources will
take the data reported for the laboratory testing
under Appendix B, Part 6.0 and incorporate it
into SLAMM as device-defined efficiency data.
Manufacturer’s reports on performance
projections may be reviewed by a technical
committee prior to incorporating the device
efficiency data into SLAMM. The administering
state agency may make revisions to the
manufacturer’s performance projections based on
comments of the technical committee. The
administering state agency will give the
manufacturer an opportunity to challenge any
such changes.

1. To be acceptable, monitoring data shall
have been collected and analyzed using
the U.S. EPA Environmental Testing
Verification Protocol. In performing the
comparative analysis, the site
characteristics of the monitored site shall
be used as inputs in the model.
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Note: In 2007, test data sets were available for
Stormceptor, Vortechs, and Downstream
Defender devices. The Stormceptor,
Vortechs,and Downstream Defender were the
subject of intensive monitoring efforts designed
to verify the performance of each device and
verify the load reductions estimated by
WinSLAMM. All the monitoring was conducted
by the U.S. Geological Survey (USGS) and the
results of the monitoring are available in USGS
reports. Verification of the Vortechs and
Downstream Defender was part of EPA’s
Environmental Technology Verification (ETV)
program.

E. The administering authority shall compare
the applicant’s modeling results with the
monitored results or the WinSLAMM
results for the test site and make a
determination whether the alternative model
is acceptable. For acceptance based on
monitored efficiency, the alternative
modeling method must be able to produce
an estimate of the device efficiency that is
within 15 percentage points of the efficiency
measured in the field. For approval based on
a comparison with WinSLAMM, the
alternative model must be able to produce an
estimate of device efficiency within 5
percentage points of the efficiency
determined using WinSLAMM.

D. Comparisons shall be made using the sum of
the loads (SOL) method, where:
% Load Reduction =

F. The administering authority will send a
written response to the applicant with a
decision concerning the acceptability of the
alternative model. Until a written acceptance
is determined, the proposed model is not
accepted for documenting compliance with
any regulations at site installations.

(inlet SOL – outlet SOL)/inlet SOL * 100, where
Note: The SOL is the combined percent load
reduction efficiencies for all the modeled events
and provides a measure of the overall
performance efficiency for the events sampled
during the monitoring period.
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Appendix B
Wisconsin Laboratory Testing Method for Determining and Reporting
The Performance of Proprietary Storm Water Sedimentation Devices
Objective 3. To verify that at flows up to 1.2 times
the design treatment flow rate, significant scour of
previously deposited sediment does not occur.

1.0 Introduction
1.1 Purpose and Overview of Testing Method
The purpose of this testing method is to determine the
performance of a full-scale device in a lab setting.
The data from this testing will be used to prepare
pollutant reduction efficiency curves for
incorporation into models that will in turn be used to
predict the annual efficiency of the device when
deployed in a specific location under a specified
annual rainfall sequence.

2.0 Laboratory and Data Analyst
Qualifications
2.1. Laboratory Qualifications
A. Laboratory testing shall be conducted by an
independent laboratory, or shall be overseen by
an independent party if conducted at the
manufacturer’s own laboratory.

In this appendix, the word “testing” refers to a suite
of tests. The suite of tests for each device includes a
set of sedimentation tests and a scour verification
test. The set of sedimentation tests includes a defined
test repeated for each of four specified flow rates.

B. The laboratory conducting the performance
testing must be able to provide the range of
flows, sediment characteristics, measurement
and recording systems, and trained personnel
necessary to generate reliable test results. A
general statement of laboratory qualifications
shall be submitted with the required report (see
Part 6.0.)

In the sedimentation tests, total suspended solids
(TSS) and suspended solids concentrations (SSC) of
the influent and effluent are measured to determine
pollution control efficiency. A mass balance of
sediment entering and retained in the device provides
supplemental data. Performance data is evaluated by
particle size class at four flow rates. Performance
may also be reported for untested devices within a
device classification based on scaling relationships
determined from the test data. Data may be reported
to the Department of Natural Resources for
incorporation into the Source Loading and
Management Model (SLAMM), or may be
incorporated into an alternative model accepted in
accordance with Appendix A, Part 3.0.

C. If the manufacturer is using its own lab and an
independent observer, the observer shall meet the
following requirements:
i) The observer shall have no financial or
personal conflict of interest regarding the test
results.
ii) The observer shall have experience in a
hydraulics, sampling and sedimentation lab, be
familiar with the test and lab methods specified
in this standard and have a professional license
in an appropriate discipline.

The scour verification test is run once at a stepped,
increasing flow rate to identify by-pass requirements
for the device.

iii) The observer shall approve the experimental
set-up and lab testing protocol and observe the
test during its full duration.

1.2 Testing Objectives

D. Prior to initiating tests, the manufacturer shall
contact the administering state agency to discuss
selection of a laboratory to conduct the required
testing. If the manufacturer is using its own lab,
it shall contact the administering state agency to
discuss selection of an independent observer.

Objective 1. To quantify the mass, by particle size
class, of sediment particles trapped by a device under
different flow rates.
Objective 2. To present and analyze data to show
device efficiency as a function of particle size and
flow rate, and to show scaling relationships for
predicting the efficiency of untested devices in the
same device classification.

i) For the Department of Natural Resources,
contact:
Wisconsin Department of Natural Resources
Attn: State Storm Water Coordinator
Bureau of Watershed Management
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Table B-1. Test Sediment Mix

101 South Webster Street
P.O. Box 7921
Madison, WI 53707-7921
General Bureau Phone: (608) 267-7694

Total mixed weight: 15.35 lbs.
US Silica Product Gradation
Weight
F 65
0.90 lbs
OK 110
1.2 lbs
Sil-Co-Sil 250
0.25 lbs.
Sil-Co-Sil 106
4.0 lbs.
Sil-Co-Sil 52
1.0 lbs
Min-U-Sil 40
2.0 lbs
Min-U-Sil 30
1.0 lbs
Min-U-Sil 15
1.0 lbs
Min-U-Sil 10
4.0 lbs.

ii) For the Department of Commerce, contact:
Wisconsin Department of Commerce
Attn: Plumbing Product Review
Safety and Buildings Division
P.O. Box 7162
Madison, WI 53707-7162
Phone: (608) 266-6742
2.2 Data Analysis

Note: See Appendix B, Considerations Part 7.A. for
the derivation of this mix.

A. The analysis of lab data shall be performed by a
qualified individual. A statement of qualification
for the selected individual shall be submitted
with the report required under Appendix B, Part
6.0.

ii) A particle size distribution analysis of the dry
sediment test mix shall be performed prior to
running the lab test and the results shall be
reported as part of the requirements set forth
under Appendix B, Part 6.0.

B. Prior to initiating data analysis the manufacturer
shall contact the administering state agency to
discuss selection of an individual to perform this
task.

C. Influent Concentration. The suspended sediment
concentration in the influent pipe shall be
maintained between 150 mg/l and 250 mg/l. The
concentration of inorganic sediment in the
influent water prior to adding the test sediment
shall be as low as practical.

3.0 Sediment Removal Performance Testing
3.1 Test Parameters
Note: The scour verification test described under Part
4.0 should be performed first because the results are
needed to identify the design treatment flow rate
(DTFR). The DTFR is needed to identify flow rates
for the sedimentation testing.

Note: It is recommended that the concentration of
inorganic sediment in the influent water be kept below
approximately 10 mg/l prior to mixing with the test
sediment.

A. Flow Rates. Each device shall be tested at a
minimum of four discrete steady-state flow rates.
These are 5%, 20%, 50% and 100% of the design
treatment flow rate.

D. Water Temperature. Water temperature shall be
maintained between 50oF and 80°F.
3.2 Procedure and Data Collection
A. Number of Devices. When the purpose of the
testing is to characterize the efficiency of a series
of devices in the same device classification
through scaling, testing shall be performed on at
least two of the device models.

Note: See Appendix B, Considerations Part 7.0.AA
for justification of the selected flow rates.

i) The design treatment flow rate shall not
exceed 83% of the maximum flow rate for which
the device passes the scour test requirements in
Appendix B, Part 4.0.

i) The definition of a device classification shall
be the responsibility of the manufacturer. It must
be based on technically defensible criteria
including similarity between models in
geometry, flow pattern, sedimentation
mechanism and by-pass.

Note: This provides a safety factor of 1.2.

B.

Test Sediment Composition.
i) Test sediment shall be comprised of ground
silica mixed in accordance with the proportions
shown in Table B-1.

ii) The devices selected to represent the device
classification must reasonably represent the
range of device models for which the efficiency
curves are being defined. The ratio between the
primary sedimentation chamber surface areas of
the devices tested shall be at least 2.5.
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B. Component tests. For each device model, the
required test procedure shall be completed for
each of the four flow rates identified in
Appendix B, Part 3.1.A.

flow may be collected on a random schedule or
at equal time intervals. An effluent sample shall
be collected immediately after each influent
sample.

C. Chamber. A “false floor” shall be constructed in
the sediment chamber to simulate a device that is
partially filled. The false floor shall be placed to
simulate a sediment accumulation of 50% of the
maximum recommended sediment storage depth
for the device. At the start of the test, the
chamber shall be clean of sediment.

F. Particle size analysis. The particle size
distribution for material in the sediment supply
hopper and for material trapped in the sediment
chamber shall be determined in accordance with
the ASTM standards C117, C136 and D422.
The particle size distribution for samples taken
from the influent and effluent pipes shall be
determined as follows:

D. Test length. Each test shall be run for the
duration needed to accumulate a mass of trapped
sediment adequate to perform the required
analyses.

i) Particle sizes 63 microns and greater shall be
quantified using ASTM standards C117, C136
and D422.

Note: It is recommended that each sediment removal
performance test be run until approximately 5 pounds
of material has been trapped. See Appendix B,
Considerations Part 7.B for an example calculation of
estimated test time to trap this mass of material. If
tests can be performed on less than 5 pounds of
material, that is acceptable.

ii) Particle sizes less than 63 microns shall be
quantified using a coulter counter method that
conforms to the method set forth in Appendix C.
G. Sample Splitting. Each sample of influent and
effluent water shall be collected into three
separate bottles to be filled one immediately after
the other. One sample bottle is for TSS analysis,
one is for SSC analysis and one is for particle
size analysis. The TSS, SSC and PSD samples
shall be collected in the same order for each flow
rate.

E. Sediment sampling frequency. For each test,
samples shall be collected and analyzed in
accordance with Table B-2. Numbers in
parentheses are the minimum number of samples
that must be collected and reported for each test
flow. Influent samples taken during each test

Table B-2. Sediment Removal Performance Test: Required Sampling for Each Flow Rate
Sampling Location
Sediment Supply Hopper

Influent Pipe
Settling Chamber
Effluent Pipe

Particle Size
Distribution
(1)

(5)
(composite from
3 sub-samples of
collected mass)
(5)

Total Sediment
Mass
Total mass
weighed at
beginning and
end of test

Suspended Sediment
Concentration

(5)

(5)

(5)

(5)

Total mass
collected

H. Flow sampling frequency. Flow shall be
monitored throughout the test.
I.

Total Suspended
Solids Concentration

4.0 Scour Verification Testing
4.1 Purpose

Temperature sampling frequency. Water
temperature shall be monitored periodically
during the course of the test.

The purpose of the scour verification test is to verify
that the device will not lose a significant amount of
pre-deposited sediment at a flow rate up to 1.2 times
the design treatment flow rate. This verification test
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will be used to identify the design treatment flow rate
to meet modeling and field installation requirements.

sediment placed on the false floor averages at
least six (6) inches. Sediment shall be wellmixed and distributed as evenly as practical.

4.2 Pre-loading and Flow

B. The material used to pre-load the device shall be
mixed according to the formula presented in
Table B-3.

A. The sediment chamber shall be pre-loaded to the
maximum recommended sediment storage depth.
A false floor may be used to create an apparent
sediment depth provided that the depth of

Table B-3. Sediment Specifications for the Scour Verification Test
Material
Concrete Sand (ASTM C33)
US Silica: Mauricetown Series – NJ 0 Sand
US Silica: Mauricetown Series – NJ 4 Sand
US Silica: Ottawa Flint Silica Series-Flint #12
US Silica: Ottawa Flint Silica Series-Flint #15
US Silica: Ottawa Foundary Sand –F60 Grade
US Silica: 20/40 OIL FRAC
US Silica: HI-50

% by Weight
15
10
20
15
10
15
10
5

Note: See Appendix B, Considerations Part 7.C. for derivation of this mix.

C. The device shall be filled with clean water to
operating depth prior to initiating the scour test.
Sediment suspended during the process of filling
the chamber shall be given sufficient time to
settle prior to initiating scour test flows.

increments, testing shall be adjusted to include
the start of scour.
B. Samples for each flow rate shall be collected and
analyzed in accordance with Table B-4. All
samples shall be discrete samples unless
otherwise noted. Numbers in parentheses are the
minimum number of samples that must be
collected and reported.

D. The concentration of inorganic sediment in the
influent water shall be as low as practical.
Note: It is recommended that the concentration of
inorganic sediment in the influent water be kept below
approximately 10 mg/l.

Table B-4. Required Sampling for Each Flow Rate
of the Sediment Scour Test

4.3 Scour Test Sampling
A. Once the scour test sediment has been added to
the sediment chamber and allowed to settle, the
scour test shall be run starting at the lowest test
flow and progressing to increasingly greater
flows. Do not add new test sediment to the
device for each new test flow.

Sampling Location
Influent pipe
Effluent Pipe

Suspended Sediment
Concentration
(5)
(5)

C. Flow sampling frequency. Flow shall be
monitored periodically throughout the course of
the test.

Each test flow shall be constant for a period of
30 minutes or the time it takes to replace 5
volumes of water in the primary sedimentation
chamber, whichever is greater. In calculating the
volume to be displaced by the test flow, the
volume of the sedimentation chamber shall not
include any volume below the maximum
sediment storage depth.

D. Temperature sampling frequency. Water
temperature shall be monitored periodically
throughout the course of the test.
4.4 Analysis
A. A device passes the scour test if the average
suspended sediment concentration in the effluent
pipe does not exceed the average suspended
sediment concentration of the influent pipe by
more than 25 mg/l.

Samples shall be collected at equal time intervals
during each flow. A viewing window shall be
installed in the sediment chamber to allow direct
observation and video documentation of scour
test results. If scour begins between chosen flow
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from this format upon request of the manufacturer or
the lab.

B. The design treatment flow rate for modeling
under Appendix A, Part 2.1.C. shall not exceed
83% of the maximum flow rate for which the
device is determined to pass the scour
verification test.

Chapter 1.0 Executive Summary
Chapter 2.0 Background

Note: This provides a safety factor of 1.2.

2.1 Name of laboratory, principal investigator and
subcontractors.

5.0 Quality Assurance and Control

2.2 Qualifications statements for laboratories and
data analysts.

Laboratory data submitted under this technical
standard shall be collected under a quality
assurance/quality control plan. The QA/QC plan shall
include the following:

2.3 Lab equipment list, including: name, model and
dimensions (depth & height) of the device tested;
pumps, compressors, mixers, valves, flow and
water quality sampling equipment; storage tanks;
standpipe and plunge pool; and filtration
equipment.

A. Project description.
B. Project organization & responsibility.
C. Data quality objectives.

2.4. Settling chamber diameter (L1) and depth (L2)
measurements.

D. Project test methods.
i) Sample collection methods.

2.5 Inlet and outlet pipe dimensions.

ii) Methods to adjust for expected background
concentrations of material in inflow test water.

2.6 Results of scour verification test.

iii) Calibration of the system used to dose
sediment during the sediment removal
performance testing, including calibration of
sediment dosing equipment and flow pump rates
to assure that influent concentrations are
maintained within test parameters and that the
mass of sediment added to the influent pipe can
be accurately measured.

2.7 Modifications made to the device to enhance
transportation or test feasibility and explanation
of why these modifications are not expected to
affect the lab results.

iv) Equipment cleaning and blanks.

Chapter 3.0 Sedimentation Efficiency Testing and
Results

2.8 Process flow diagram showing test device,
piping, water source, pump, storage tanks, filters,
sediment injection system, sampling locations
and flow meter.

v) Duplicate samples.

The following shall be reported for each device
tested.

vi) Sample preservation methods.
vii) Chain of custody.

3.1 Date, flow rate and elapsed time for the test.

E. Laboratory procedures.

3.2 Tabular results of test parameters required under
Table B-2 (Appendix B, Part 3.2.E). Where
particle size data is required, it shall be reported
for each of the following 8 particle size classes
(in microns):

i) Constituents for analysis.
ii) Laboratory performance standards.
iii) Analysis method references.
iv) Frequency and type of lab QA samples.

1) < 20

v) Data reporting requirements.

2) 20 – 40

vi) Data validation procedures.

3) 40 – 63

vii) Corrective actions.

4) 63 – 80

6.0 Reporting Test Results

5) 80 – 125

6.1 Laboratory Report—A laboratory report shall
be prepared and submitted to the administering state
agency. The report shall follow the following format.
The administering state agency may allow deviation

6) 125 – 250
7) 250 – 300
8) > 300
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a.

b.

Test Sediment Introduced. Total mass of test
sediment placed in the sediment hopper,
total mass remaining in the hopper, and total
mass (calculated by difference) of test
sediment discharged from the hopper during
the test. Component mass by particle size
class of test sediment placed in the hopper.

c.

Test Sediment Retained. Total mass of test
sediment removed from the settling
chamber. Component mass by particle size
class of sediment removed from the settling
chamber.

3.3 Performance Efficiency: Concentration Data.
Tabular data for each test flow showing the
calculated percent reduction in mass of test
sediment based on inlet and outlet concentrations
reported in Chapter 3.2 of the lab report.
Calculations shall be by total mass and by
particle size class.

Influent and Effluent Sampling Results. For
each discrete influent and effluent sample,
the total suspended solids concentration, the
suspended sediment concentration, the
component mass and concentration by
particle size class.

a.

Note: For each sample, three separate one-liter
bottles will need to be filled and submitted to the
lab for a specific analysis (SSC, PSD and TSS).
Each analysis will be assigned to one of the three
bottles, so the order of the analysis will be the
same each time. For example, if the first bottle of
the three collected is sent to the lab for SSC
analysis, this order should be maintained for all
samples.

Percent reduction shall be based on a
comparison of inlet and outlet
concentrations. Discrete sample results must
be combined to perform this analysis.
% Reduction = (inlet – outlet)/inlet * 100

b.

The report shall describe how the inlet and
outlet concentrations determined from
discrete sampling are combined in
calculating the percent reduction for each
test flow.

c.

The tabular analysis shall be presented in the
following format:

% Reduction by Particle Size Class (Microns) Based on Inlet/Outlet
Concentrations
Total Mass
Reduction
(%)

Flow Rate
(cfs)
.10*DTFR 1
.20*DTFR
.50*DTFR
1.00*DTFR

<20

20-40

40-63

63-80

80-125

125-250

250-300

>300

DTFR = design treatment flow rate as determined by the scour verification test.

1

d.

The tabular data set above shall also be
presented in graphical form. A separate
graph for each particle size class shall be
presented that shows the percent reduction
(y) as a function of flow rate (x) for the
particle size class. A formula shall be
developed for each graph.

device and mass retained. Calculations shall be
by total mass and by particle size class. Particle
size classes shall include those identified under
Chapter 3.2 of the lab report.
a.

Note: See Appendix B, Considerations Part 7.D.
for an example of how these data may be
graphically reported.

Percent reduction shall be based on a
comparison of mass of sediment introduced
to the sediment chamber and the mass of
sediment retained in the sedimentation
chamber, where:

% Reduction = (mass retained/mass in) * 100

3.4 Performance Efficiency: Mass Retained. Tabular
data for each test flow showing the calculated
percent reduction based on mass entering the
15
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b.

The tabular analysis shall be presented in the
following format:
% Reduction by Particle Size Class (Microns) Based on Mass Introduced
and Mass Retained in the Sediment Chamber

Flow Rate (cfs)

Total Mass
Reduction (%)

<20 20-40 40-63 63-80 80-125
.10*DTFR 1
.20*DTFR
.50*DTFR
1.00*DTFR
1
DTFR = design treatment flow rate as determined by the scour verification test.

c.

Chapter 4.0 Scaling Relationships
4.1 Method Documentation
Scaling formula.

b.

Theoretical basis and verification.
AA. The majority of the annual runoff volume to a
properly sized device can be expected to occur
during runoff events having peak flow
discharges well below the design treatment flow
rate. Sediment testing for each device will
generate only 4 data points, one for each test
flow rate. The flow rates for which data is
collected should be reflective of the flow rates
that the device will encounter most often when
modeled.

4.2 Application of Formula to Specific Devices
Device characteristics, including critical
dimensions and design treatment flow rate.

b.

Tabular and graphic results for device (see
3.3.c and 3.3.d above).

>300

7.0 Considerations

Note: See Appendix B, Considerations Part 7.E. for
one approach to scaling.

a.

250-300

The report shall be signed by the laboratory director
or his designee, the person responsible for data
analysis and reporting and, if applicable, the
independent observer. The signers shall attest that the
laboratory testing and data analysis has been
conducted in accordance with the requirements of
this technical standard.

Graphical representation of this data is not
required.

a.

125-250

Chapter 5.0 Scour Test and Results
5.1 Test date and elapsed time for test.

Table B.4.A shows modeling results for a
theoretical device having a design treatment flow
rate of 0.5 cfs and an impervious tributary area
of 0.5 acres. The test file included 109 rainfall
events. Of the runoff events that did not by-pass
the device, most (81%) generated peak flow rates
less than or equal to 25% of the DTFR and few
events (8%) generated peak flow rates over 50%
of the DTFR. This phenomenon has also been
observed at actual field installations. Based on
this information, test flow rates equal to 5%,
20%, 50%, and 100% of the design treatment
flow rate are required. If a manufacturer desires
to get additional definition in the efficiency
curve for low flows, it can add additional flows
at its discretion.

5.2 Test flow rate.
5.3 Test material used to pre-load the device.
5.4 Influent and effluent concentration
measurements.
5.5 Data interpretation.
5.6 Calculated design treatment flow rate for use in
Wisconsin.
Note: The calculated design treatment flow rate will
be 0.83 times the flow rate at which the device passes
the scour test.

Chapter 6.0 Quality Assurance and Control Test
Data
Chapter 7.0 Signatures for Report Submittal
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Table B.4.A. Frequency Distribution of Runoff Event Peak Flows Modeled for a Theoretical Device Installation
Having 109 Rainfall Events, a DTFR of 0.5 cfs and a Tributary Area of 0.5 Impervious Acres
Peak Flow Class
(% of the Design Treatment Flow Rate, or
DTFR)
0 – 25%
25 – 50%
50 – 75%
75 – 100%

Runoff Events in the
Class
(number)
81
11
5
3

Portion of Peak Runoff
Events in Class
81%
11%
5%
3%

Note: This modeling exercise includes 109 rainfall events. Nine (9) events exceeded the DTFR and would have by-passed the
device. Statistics are based on 100 events.

A. The ground silica mixture required for sediment
testing is a modification of a base mix prepared
to meet the NURP particle size distribution. The
base mix formula was calculated by Hydro,
International using a selection of standard
ground silica products and a computer program.
A batch of the base mix was prepared by Hydro
and sent to Wisconsin DNR for lab testing to
validate that it closely matches the NURP
particle size distribution. The base mix formula
(shown in the table below) was shown by lab
testing to be very close to the NURP particle size
distribution. The results of the lab testing are
shown in the second table.

Table B-6. Results of Verification that Compares
Base Mix with the NURP Particle Size Distribution
Particle
Size,
Microns
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
20
25
30
35
40
50
60
63
80
100
125
150
200
250
300
500

Table B-5. Base Mix Formula for Sediment Testing
Total mixed weight: 14.3 lbs.
US Silica Product
Weight
Gradation
F 65
0.45 lbs
OK 110
0.6 lbs
Sil-Co-Sil 250
0.25 lbs.
Sil-Co-Sil 106
4.0 lbs.
Sil-Co-Sil 52
1.0 lbs
Min-U-Sil 40
2.0 lbs
Min-U-Sil 30
1.0 lbs
Min-U-Sil 15
1.0 lbs
Min-U-Sil 10
4.0 lbs.
Note to Table B-5: Do not use this table to make the
test mix.
Note to Table B-6: Do not use this table to make the
test mix. Although the base mix accurately matches
the NURP particle size distribution, there are not
enough sand sized particles to allow an evaluation of
how the test device deals with these coarser particles.
To correct this problem, the base mix was adjusted by
doubling the amount of OK110 (from 0.6 to 1.2
pounds) and F65 (from .045 to 0.90 pounds). Almost
all the particles in the OK 110 are between 90 and 125
microns, while the F65 contains particles that are
primarily in the range of 106 to 250 microns.
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NURP, %
Finer Than
2
14
23
29
35
41
46
51
53
56
58
60
62
63
65
71
75
78
80
82
84
87
89
91
94
95
97
99

Test
Material, %
Finer Than
11
17
23
31
35
40
45
49
52
54
56
62
63
68
73
76
80
83
86
88
88
90
93
95
96
97
98
99
100
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B. The sediment removal performance test under
Appendix B, Part 3.0 should probably be run
until at least 5 pounds of material has been
trapped. Assuming an influent concentration of
250 mg/l suspended sediment concentration, a
control efficiency of 10% (using the NURP
particle size distribution) and a test flow rate of
0.5 cfs, it should take approximately 120 minutes
to run this test once the flow has achieved
equilibrium assuming there is no significant
scour. The mass of test sediment placed in the
supply hopper would have to be at least 50
pounds.

size distribution from monitored devices is
shown in Table B-7.
Table B-7. Particle Size Distribution for Sediment
Removed from Treatment Chambers of Three
Proprietary Devices. (Average of data from three
devices: Vortechs, Downstream Defender,
StormCeptor)
Particle Size,
Microns
8000
4000
2000
1000
500
250
125
63

Percent Finer
Than
97
93
86
75
56
27
12
6

C. The Department of Natural Resources provided
Hydro, International with a particle size
distribution based on the material measured in
the sedimentation chambers of three field
installations (Vortechs, Downstream Defender,
and StormCeptor). Hydro used a program to
develop the specified mix. The average particle
D. Suggested graphical presentation of sedimentation test data showing data for multiple devices on the same
graph.
Illustration of performance data required for Propriettary Storm Water Sedimentation Devices
Note: Only three grain size clsses shown
100%

Percent removal by grain size class

90%
80%

X

70%

X

60%

X

Removal
performance
for sediment
grain size
classes

40%

X

X

X

50%

Device B performance
(based on test result data ( X )

X
X

X

30%

X

X

20%
Device A performance
(based on scaling analysis)

10%

X

0%
0

1

2

3

4
Discharge

5

QTC

6

7

QTC = Treatment Capacity

8

9

10

QTC

L1 = Device characteristic length 1
L2 = Device characteristic length 2
Vs = Particle size settling velocity
Q = discharge through the device
Manufacturers are also encouraged to provide the
most accurate predictive methodology for their
devices, including approaches other than that listed
above.

E. Manufacturers are encouraged to consider an
approach to developing a predictive formula for
scaling device performance using the following
format:
Percent Reduction = Function (L1*L2*Vs)/Q
Where:
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APPENDIX C
ESS INO METHOD 355.3
Beckman Coulter Multisizer 3, Particle-Size Counter
(Beckman Coulter)
Title: Beckman Coulter Multisizer 3, Particle-Size Counter
ESS INO METHOD 355.3, Revision 0
Effective Date: April 2007
Wisconsin State Laboratory of Hygiene, Environmental Health Division, Inorganic Chemistry Department
analysis with results obtained from a Beckman
Coulter® Multisizer 3™ Particle Size Counter
(15.2).

1. Scope and Application
1.1 Evaluating the size distribution of particles
<32-µm in diameter has become a critical tool in
assessing the environmental impact of
point/non-point source pollution runoff in urban
areas. The potential effects of the smaller-sized
particles on receiving waters are not well
understood. Consequently the ability to quantify
and characterize this size category is extremely
important for designing storm water control
devices and future decision-making policy.

1.5 The original Coulter® Principle (aka “Electrical
Sensing Zone” method) allows for simultaneous
counting and sizing of particles in a
homogeneous suspension. The sensing zone is
established with two electrodes that are separated
by a small cylindrical opening (aperture). A
small amount of electrical current flows through
the aperture and between the electrodes. The
resistance created by the restricted area
separating the electrodes produces current
density within the area of the aperture. Particles
passing through the aperture displace the volume
of the conducting liquid, which creates changes
in electrical impedance. The change in the
impedance produces a small but proportional
flow of current into an amplifier, which further
converts the current fluctuation into voltage.
The change in magnitude of the current is small
(typically 1 mA) but significant enough to
generate a voltage large enough to be measured.
The Coulter® Principle states that the amplitude
of the voltage pulse is directly proportional to the
volume of particle that produced it. This
principle was developed in the 1940’s by
Wallace Coulter, who originally developed and
patented this technique for blood cell analyses.
This technology has evolved over the years to
include many industrial applications.

1.2 There are a wide range of methods available for
determining particle size distributions. However,
each is based upon different assumptions and
principles. Consequently there is not one
specific method that is ideal for every
application. For example, settling velocities of
particles are directly affected by several
variables including size, shape, specific gravity,
etc. Most standardized methods were established
with soils and sediments and ultimately
categorize particles <32-µm in diameter into the
typical size breaks for sands, silts and clays
(15.1, 16.1). Particles carried by storm water
runoff may not “fit” into the traditional
categories due to their non-terrestrial nature.
1.3 Typically the size distribution of particles in
water is established by sieving the sample
through a series of sieves (15.3). Each sieve is
certified by the size of mesh, and the material
trapped on the sieve is quantified,
gravimetrically, and expressed as a percentage of
the entire sample. Quantifying the mass of
material smaller than 32 µm by sieving can be
labor intensive, less accurate and at times,
impossible due to the small amount of material
available for current standard practices (e.g.,
sieve-pipette method, visual acuity tubes,
sediment counters).

1.6 The Coulter® Principle is applied to particle-size
analysis by adding aliquots of sieved sample to
an electrolytic solution (i.e., conducting liquid)
to facilitate suspension of the particles.
1.7 Urban runoff conditions from specific locations
can be monitored both spatially and temporally
with WSLH methodology.
1.8 With the appropriate aperture, the Coulter®
Multisizer 3™ Particle Size Counter can provide
particle sizing and counting capabilities within
an overall size range of 0.4 to 1200 µm.

1.4 The Wisconsin State Laboratory of Hygiene
(WSLH) has developed a method for estimating
the distribution of particles that are <32-µm in
diameter, by combining data from gravimetric
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4.1 Samples to be processed and analyzed for
particle sizing are typically collected in 1-gallon,
polyethylene containers.

2. Summary of Method
2.1 Each sample is processed through a series of
standard sieves to trap all particles ≥ 32 µm
(15.2). Approximately 250 to 1000 mL of well
mixed sample (<32-µm in diameter) is recovered
after sieving for analysis by the Coulter®
Multisizer 3™ Particle Size Counter and
microfiltration (gravimetric component).

4.2 Prior to analysis commencing, WSLH personnel
will weigh the sample container on a
high-capacity analytical balance to establish the
original mass/volume of sample received at
WSLH (15.6).

2.2 A metered portion of sample suspension (sample
+ electrolyte) is drawn through a 50-µm aperture
(sensing zone) at a steady rate. The 50-µm
aperture provides sizing and counting resolution
to 1 to 60% of aperture size (i.e., 2 - 30 µm).

4.3 After sieving, WSLH personnel will recover
approximately 250 to1000 mL of the <32µm
fraction in a WSLH quart bottle. The bottle will
be assigned the same WSLH sample
Identification number (ID) and reserved for
analysis with the Coulter® Multisizer 3™ Particle
Size Counter and microfiltration at 0.4µm.

2.3 Data from the instrument is integrated with
software to produce a “percent less than” result
based upon size breaks assigned by the analyst.

4.4 Samples are stored at 4C.
4.5 Samples collected for particle size
determinations are not preserved.

2.4 The percent distribution results from the
Coulter® Multisizer 3™ Particle Size Counter are
applied to gravimetric results from 0.4-µm
filtration data and mathematically converted to
concentration (mg/L).

4.6 Although a specific holding time for particle size
samples has not yet been established, every
effort should be made to process the sample
within 30 days of collection for best results.

2.5 Finally, the estimated concentration data in the
size fractions less than 32 µm are compared to
the total concentration of particles in the sample.
A percent distribution is developed within the
Laboratory Information Management System
(LIMS) for subsequent report generation.

5. Interferences
5.1 Samples containing a large amount of particles
may clog apertures.
5.2 Each aperture allows the measurement of
particles within 2 to 60% of the nominal
diameter of the aperture. For example, a 100-µm
aperture allows sizing of particles between 2 and
60 µm, not inclusive.

2.6 Coulter® Multisizer 3™ Particle Size Counter data
combined with the sieve results provides the
WSLH with the ability to mathematically
estimate the complete particle size distribution in
a sample from ≥ 500 to below 0.4 µm.

5.3 Particles in samples may aggregate or clump
during storage and can cause clogging of the
aperture. For best results, samples should be at
room temperature and mixed thoroughly prior to
analyzing.

2.7 Coulter® Multisizer 3™ Particle Size Counter
offers a high degree of flexibility in size ranges
obtained by simply changing the size of the
instrument’s aperture.

5.4 Aliquots of sample should be combined with a
diluent to facilitate dispersion and minimize
clogging of the aperture.

3. Safety and Waste Management
3.1 General safety practices for all laboratory
operations are outlined in the Chemical Hygiene
Plan for the Environmental Health Division
(15.4).

6. Reagents and Standards
6.1 ASTM Type-1 Water (MQ).

3.2 All laboratory waste, excess reagents and
samples must be disposed of in a manner that is
consistent with applicable rules and regulations.

6.2 Conductance/electrolyte solution: ISOTON® II
diluent (Beckman Coulter®).
6.3 Particle Characterization/Sizing Standards:
Certified sizing standards (e.g., polystyrene latex
beads or polymer microspheres in an aqueous
medium) are available from Beckman Coulter,
Duke Scientific, etc. and should be used for
performing or validating the instrument
calibration and for use as a Quality Control

3.3 Waste disposal guidelines are described in the
University of Wisconsin Laboratory Safety
Guide (15.5).
4. Sampling Handling and Preservation
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Standard. The standards should be NIST
traceable. Calibration or verification is only
needed at one size for each aperture, preferably
between 5 and 20% of the aperture diameter
(15.2).

“Check Blank (CB). For purposes of this
method, a LRB/CB is not applicable for particle
size determinations in environmental sample.
However, if samples of a biological nature are
analyzed, the dispersion agent may be utilized as
the LRB/CB (aka “Control Blank”).

6.4 Aperture Instrument Concentration Control
(Beckman Coulter®): Control standard used to
verify instrument count accuracy performance
(units = #Total Particles/mL); acceptable
results are typically within ±10% of the assay
value.

8.5 Laboratory Fortified Blank (LFB): not
applicable for this method.
8.6 Matrix Duplicates: Prepare a minimum of
10% of the samples, per matrix, as duplicates.
Matrix Spikes are not applicable for this
method. Refer to the QL dataset in LIMS for a
detailed listing of all QC limits used for various
sample matrices. If the duplicate (precision QA)
is not met, the matrix group should be
reanalyzed unless clogging of the aperture is a
problem. If limits are exceeded a second time, a
smaller volume of sample from this matrix group
may be added to the diluent (6.2) and reanalyzed.
If limits are exceeded a second time, qualify the
matrix group (15.8) as a comment or memo.
Because M3 data is used for LIMS calculations,
data cannot be qualified as “* result.”

7. Apparatus
7.1 Beckman Coulter® Multisizer 3™ Particle Size
Counter (M3).
7.2 Electronic pipette.
7.3 Beakers of assorted sizes.
7.4 Cuvettes, 20 mL, e.g., Accuvette™ II container
(Beckman Coulter®).
8. Quality Control
8.1 Corrective Action documentation for
QC failures within analytical runs
will include: a) identifying the QC
failure and cause, if known; b)
specific corrective actions that were
performed; c) the next action that will
be taken.

8.7 An Instrument Performance Check (IPC) is
not applicable for this method. The instrument
performance is based upon a Calibration
Verification Check (9.1 – 9.6), which is analyzed
at the beginning of each batch. The M3 software
will notify the analyst if the instrument is not
within calibration based upon the size of aperture
installed at the time of calibration. Choose a
calibration standard or verification standard as
recommended by the manufacturer (15.2). A
new calibration check should be performed
whenever a new or different aperture is installed.

8.1.1 Attached to each analytical run will be
lists of specific analytical items to be
checked in the event of a QC failure. The
lists will be tailored to the specific method
and instrumentation as an aid in
documenting corrective action. If the
analytical failure cannot be identified, the
analyst will note: “Analytical Checks ok;
Unknown cause” on the benchsheet.

8.8 Initial Demonstration of Capability (IDOC):
Initial DOC and annual continued proficiency
checks are performed according to ESS INO QA
115 (15.9). The QCS (6.3) may be used for this
procedure.

8.2 An instrument logbook is maintained for each
instrument. Maintenance, performance
problems, date calibrated, analyst, and other
pertinent information are documented in the
logbook.

8.9 Limit of Detection (LOD, 15.10): not
applicable for this method and is defined by the
size limit of the aperture installed at the time of
use.

8.3 A Quality Control Standard (QCS) is analyzed
with each run. The analytical result must be
within ± 10% of the true value to continue the
analysis. If the recommended limits are
exceeded, corrective action includes reanalyzing
the QCS or the analyst may recalibrate if
necessary. Choose a QCS with certified particle
size that is within the analytical range of the
aperture (15.2).

9. Method Calibration
9.1 Allow the instrument to warm up a minimum of
15 minutes prior to operation.
9.2 Calibrate every new aperture following the M3
Operator’s manual (15.2). Once a particular
aperture has been calibrated, a verification
standard should be analyzed prior to each
analytical batch. Calibration of an aperture

8.4 A Laboratory Reagent Blank (LRB), aka
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should be performed whenever a verification
procedure fails, or whenever a new aperture is
installed.

9.10.1 Prepare the verification standard (9.3 –
9.8).
9.10.2 Activate the Verify mode via the M3
software.

9.3 Prepare a calibration/verification standard by
adding approximately 30 drops of standard
solution and diluting to the 20-mL mark on the
M3 cuvette. Mix thoroughly.

9.10.3 Enter the modal value of the verification
standard in the Calibrator Size box (9.9.1).
Note: If the same aperture is being used
for each batch, the Calibrator Size box
will retain the certified modal value of the
previous verification standard.

9.4 Open the door to the sample compartment on the
M3 and lower the sample platform.
9.5 Secure the cuvette containing the calibration or
verification standard into the platform. Raise the
platform until the electrode and aperture are
submerged in the standard solution.

9.10.4 Press <Start> from the Calibrator Size
box to activate the Verification process.
9.10.5 The software will automatically notify the
analyst if the verification has been
successful. The software will prompt the
analyst of the change between the old Kd
and the new Kd. Record the new Kd in
the instrument logbook to maintain a
record for each specific aperture.

9.6 Close the door.
9.7 Check the concentration level of the suspension
by selecting Preview from the left-hand status
panel. The concentration index bar will be
displayed and notify the analyst if the
concentration is ok; the manufacturer
recommends a concentration of 10% for best
results. If the concentration is high, calibration
may be incorrect; if too low, the time required
for calibration will be too long.

9.11 Always verify aperture calibration prior to
analyzing samples.
9.12 Recalibrate any time the verification process
fails or if a new aperture is installed.

9.8 Exit the Preview mode by selecting <cancel>.

10. Procedure

9.9 Activate the Calibrate mode via the M3
software.

10.1 Select the appropriate analytical settings for the
M3 from the Main Menu. Alternatively, Load
the desired Standard Operating Procedure
(SOP) by selecting Settings from the Main
Menu bar.

9.9.1 If calibrating for the first time, choose the
appropriate size calibrator and click on the
calibration icon. The Calibrator Size box
will open; enter the modal value of the
calibrator—this is the certified value
provided by the manufacturer. Beckman
Coulter recommends repeating the
calibration ten times and record the Kd
each time. Calculate the mean Kd for the
aperture and enter this value into the
“Aperture Tube list” along with the serial
number of each aperture. The “Aperture
Tube list” can be accessed via the
<Change Aperture Tube Wizard…>.

10.1.1 An M3 SOP consists of pre-selected
analytical settings that have been saved as
a “Standard Operating Method (SOM).”
See the Beckman Coulter Operator’s
Manual for detailed directions for creating
and/or changing an SOM (15.2).
10.1.2 Although the size settings can be altered
at any time, it is helpful to configure the
SOM for the desired size breaks in the
Cumulative % < format for Volume,
Number and Surface Area.

9.9.2 Once the calibration standard has been
analyzed, the instrument is ready for
analyzing samples and need not be
calibrated again unless the daily
verification standard is exceeded. Future
verifications of this calibration should
always be within ± 4% of the mean value
obtained in 9.9.1 (15.2).

10.1.2.1 Check the Cumulative, %< data
table at the end of each run
report. If only “<100%>” shows
for each size break on the table,
extra digits after the decimal
point are needed. In the chart
window, select <Analyze>,
<Convert Pulses to Size
Settings>; select <2% to 60%> to
expand the x axis on the chart

9.10 If the aperture has already been calibrated, the
analyst needs only to Verify the calibration.
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window to the maximum
resolution of the aperture. Turn
off the “Multisizer II” edit box,
then select <ok>.

10.7 Secure the cuvette into the platform. Raise the
platform carefully until the electrode and
aperture are submerged into the sample
solution. Note: When using the 20-mL cuvette
for sample analysis, the glass stirrer should
always be adjusted with the stirrer knob such
that the paddles are moved to the right of the
cuvette; i.e., the stirrer does not fit in the
cuvette.

10.1.2.2 Check the data table again to
view the cumulative, %< size
breaks on the data table. You
should now have values less than
100% for each size break. These
percentages are recorded on a
Worklist (WL) and used by LIMS
to estimate the overall percent
distribution of particles below 32
µm.

10.8 Check the concentration level of the suspension
by selecting Preview from the left-hand status
panel. The concentration index bar will be
displayed and notify the analyst if the
concentration is ok. Although the manufacturer
recommends a concentration of 10% for best
results, previous work at WLSH demonstrates
that samples prepared at 3 to 5% concentration
level perform best (i.e., higher concentration
levels tend to clog the aperture).

10.2 Pipette an aliquot of sample into the cuvette.
10.2.1 The volume of sample may range from
one to 15 mL, at the analyst’s discretion.
Samples containing noticeably large
amounts of particles should be diluted
approximately 1:20 with diluent prior to
analysis to minimize clogging of aperture.

11. Calculations
11.1 The raw instrument data for each size break is
entered on a Worklist, WL (15.15). These
results are estimates of the percent size
distribution in water samples that have been
sieved down to 32 µm.

10.3 Dilute the volume of sample to the 20-mL mark
on the cuvette with diluent (6.2).
10.4 Mix the cuvette by inversion.

11.2 Once the raw data has been entered into LIMS,
the data is processed automatically and
mathematically converted to yield both
concentration (i.e., mg/L) and percent
distribution (i.e., “% <”) for the entire sample,
based upon the total mass received.

10.5 Modify the sample and batch information as
appropriate under the Sample Information
section of the Status Panel.
10.5.1 Group ID: Enter the WSLH batch ID.
10.5.2 Sample ID: Enter the WSLH sample ID.
10.5.3 Control Sample: Check this box whenever
a QC sample is being analyzed.

12. Data Management
12.1 The WL (15.15) and the QAWRKSHT (15.14),
where all quality control is calculated for
pass/fail criteria, will be reviewed for quality
control prior to accepting results (see section 8)
by an experienced chemist who did not run the
original analysis (15.13). The reviewer must
initial and date the cover sheet as an indication
of the run’s acceptable results.

10.5 4 NOTE: If the concentration of particles in
the sample (i.e., counts) is a desired result,
the following data fields must be
completed:
10.5.4.1 Sample volume or mass (weight
or volume of sample used for the
analysis; the volume or mass
combined with electrolyte).

12.2 Final QC-reviewed results will be submitted for
manual data entry into LIMS (15.14).

10.5.4.2 Electrolyte volume (volume of
electrolyte used).

12.3 Whenever possible, data will be electronically
exported to LIMS.

10.5.4.3 Analytical volume (volume of
sample suspension being
analyzed, where: suspension =
sample + electrolyte).

13. Definitions
13.1 Definitions of terms in this SOP may be found
in the reference method (15.2). General
definitions of other terms that may be used in
this method are found in Section 19 of the
WSLH Quality Assurance Manual (15.8).

10.6 Open the door to the sample compartment on
the M3 and lower the sample platform.
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14. Method Performance

Laboratory Safety Guide.
http://www.fpm.wisc.edu/safety.

14.1 Where applicable, the laboratory's initial
accuracy and precision data (LOD's and DOC's)
were generated in compliance with the
reference method and the Inorganic Chemistry
Department's standard operation procedures:
ESS INO QA 115 (15.9) and ESS INO QA 116
(15.10). Supporting data will be retained
according to the applicable Records Disposition
Authority (RDA). Data generated within the
last two years will be kept on file within the
Inorganic Chemistry Department. Data older
than two years may be archived in the
basement.

15.6 Wisconsin State Laboratory of Hygiene, ESS
GENOP 202. Calibration, Maintenance, and
Accuracy Verification Procedure for Balances.
15.7 Wisconsin Department of Natural Resources
Lab Certification Program, July 1997 PUBLTS-007-97.
15.8 Wisconsin State Laboratory of Hygiene.
Quality Assurance Procedures and Policies.
15.9 Wisconsin State Laboratory of Hygiene. ESS
INO QA 115, Initial DOC and Annual
Continued Proficiency Check Procedures.

15. References

15.10 Wisconsin State Laboratory of Hygiene. ESS
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15.11 Wisconsin State Laboratory of Hygiene. ESS
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15.2 Beckman Coulter® Multisizer 3™ Particle Size
Counter, Operator’s Manual. Beckman
Coulter, Inc. Fullerton, CA 92835.
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INO QA 101, Bottle Check Procedure.
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INO 355.1. Particle-Size Determinations by
Sieving and Microfiltration.

15.13 Wisconsin State Laboratory of Hygiene. ESS
INO QA 107, Q.C. Audits of Analytical Runs
for ESS Wet Chemistry Area.

15.4 Wisconsin State Laboratory of Hygiene, EHD
GENOP 026. Chemical Hygiene Plan for the
Environmental Health Division, State
Laboratory of Hygiene, Agriculture Drive.

15.14 Wisconsin State Laboratory of Hygiene. ESS
INO QA 114, LIMS Quality Assurance
Worksheet Procedures.
15.15 Wisconsin State Laboratory of Hygiene. ESS
INO GENOP 108. Procedure for Creating a
WL Worklist.
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Department (262-8769). 2004.
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16. Tables, Figures, Diagrams, Charts, Checklists, Appendices, Definitions
16.1

Table 1. Recommended scale of particle size breaks for sediment analysis (15.1).

Description

Size (µm)

Sands:
Very coarse
Coarse
Medium
Fine
Very fine

1000-2000
500-1000
250-500
125-250
62-125

Silts:
Coarse
Medium
Fine
Very fine

31-62
16-31
8-16
4-8

Coarse
Medium
Fine
Very fine

2-4
1-2
0.5-1
0.24-0.5

Clay:

Written by: Lorrine D. Edwards

Date: 06/2007

Title: Advanced Chemist
Unit: ESS Inorganic Chemistry Unit
Reviewed by: _______________________________

Date: ______________________

Title: ______________________________________
Unit: ______________________________________
Accepted by: _______________________________

Date: ______________________

Title: ______________________________________
Unit: ______________________________________
Certification Statements received from:

Note: Please confirm that this printed copy is the latest revision.
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INFILTRATION TRENCH
(No. TBD)
Wisconsin Department of Commerce
Conservation Practice Standard

I. Definition
An infiltration trench is a stormwater management
practice that collects and stores runoff until it can
infiltrate into the subsurface soil. Infiltration trenches
typically are longer than they are wide, are less than
15 feet in width, and are intended to promote
subsurface infiltration. Trenches are commonly filled
with properly graded media that will promote
infiltration and reduce pollutants discharged to
surface waters, such as sediment, debris and
nutrients. Infiltration trenches may be used as a
detention feature in a stormwater management plan.
II. Purpose
This practice may be applied individually or as part
of a structural stormwater management system to
support one or more of the following purposes:
 Enhance stormwater infiltration to recharge
groundwater.

pretreatment for water quality shall be incorporated
in the site design prior to the infiltration trench.
IV. Federal, State and Local Laws
Users of this standard shall be aware of potentially
applicable federal, state and local laws, rules,
regulations or permit requirements governing
stormwater management practices. This standard
does not contain the text of federal, state, or local
laws.
V. General Criteria
A. Site Criteria – Screening criteria in the WDNR
Conservation Practice Standard 1002, Site
Evaluation for Stormwater Infiltration, shall be
followed. In addition, the following site criteria
shall be met.
1.

The closest edge of the trench shall not be
located less than 10 feet horizontally from a
building foundation unless it can be
demonstrated the trench will not be
hydraulically connected to the foundation or
pavements such that it causes negative
impacts. These negative impacts may
include: water in basements; short circuiting
of the infiltration process; and foundation or
pavement instability.

2.

The discharge from the trench shall not
cause side slope seepage that contributes to
hill slope failure or increases erosion on
down gradient slopes.

3.

For ground surface, sloped areas within 20
feet upgradient to the infiltration trench shall
be less than 20%, and greater than 1% for
vegetated area to ensure positive flow
toward the device. For sloped areas greater
than 20%, a slope stability analysis shall be
completed.

4.

The infiltration trench shall be a minimum
of 50 feet from any POWTS dispersal cell so
as to not cause negative impacts such as
cross contamination or hydraulic
overloading, unless it can be demonstrated
that the trench is not hydraulically connected
to the POWTS.

 Reduce discharge of stormwater pollutants to
surface and ground waters.
 Decrease runoff peak flow rates and volumes.
 Preserve stream base flow.
 Reduce runoff temperature.
III. Conditions Where Practice Applies
The infiltration trench stormwater management
practice applies to drainage areas generally less than
5 acres in size where increased stormwater runoff
volumes, peak flow discharges or thermal effects are
a concern and where the area is suitable for
infiltration (see the NR 151 section on postconstruction performance standard for new
development and re-development storm water
management plans, Wis. Adm. Code; WDNR
Conservation Practice Standard 1002, Site Evaluation
for Stormwater Infiltration; and Comm 82.365, Wis.
Adm. Code). Infiltration trenches are best suited to
provide onsite stormwater management opportunities
for receiving runoff from source areas such as
landscaped areas and rooftops. For runoff source
areas with greater potential for pollutants, such as
parking lots, streets and commercial sites,

Conservation Practice Standards are reviewed periodically and updated if needed. To obtain the current version of this standard,
contact the Wisconsin Dept. of Commerce or the Standards Oversight Council (SOC) Coordinator at (608) 441-2677.
Words in the standard that are shown in italics are described in X. Definitions. The words are italicized the first time they are used in the text.
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5.

series if the minimum horizontal
separation is the greater of the trench
depth or width, with a minimum of 4
feet.

An infiltration trench shall meet the
requirements in the NR 151, Wis. Adm.
Code, post-construction performance
standards with regard to groundwater
limitations and source area restrictions.

b.

Distribution – A means, such as surface
grading, piping or surface level
spreaders, shall be provided to disperse
stormwater along the length of the
infiltration trench to promote even
distribution. The slope of gravity flow
distribution laterals shall be less than
0.4%. When distribution laterals are
used, cleanouts shall be installed with a
separation distance not to exceed 100
feet. Distribution laterals shall meet the
specifications of Table 84.30-4 in
Comm 84, Wis. Adm. Code.

c.

Storage Cell – Stone aggregate or a
gravel-less system used as a dispersal
and storage medium in a stormwater
infiltration trench, shall meet one of the
following:

B. Design
1.

Pretreatment Practices – Pretreatment shall
be provided prior to infiltration to remove
the following percentage of total suspended
solids, on an average annual basis, based on
the following land uses.
a.

60% for one- or two-family residential
and associated roads.

b.

80% for commercial, industrial,
institutional, residential equal to or
greater than 3 units and associated
roads.

c.

Rooftop runoff discharging
underground to the trench shall have an
accessible means to remove debris
larger than ½ inch.

2.

Infiltration Rates – For proper selection of
design infiltration rates, see WDNR
Conservation Practice Standard 1002, Site
Evaluation for Stormwater Infiltration.

3.

Dimensions
a.

b.

c.
4.

i.

a)

Conform to ASTM C33 for
coarse aggregate prior to
washing.

b) Be washed to remove fine
material.

The storage volume of a trench is a
function of depth, width, length,
porosity of the storage medium. The
maximum width shall be no more than
15 feet, and the depth shall be less than
the length or width, whichever is less.
Infiltration trenches that do not meet
these dimension criteria may be
considered a Class V injection well. The
maximum drain down time of 72 hours,
after the storm event, is a function of
the depth and design infiltration rate.

c)

Be no less than ½-inch and no
more than 2½-inch in size.

d) Have a hardness value of at
least 3 on Moh’s Scale of
Hardness.
ii. For a gravel-less system, it shall be
an acceptable alternative approved
by the Department of Commerce.
iii. For Open Graded Base, meet
Section 310 of the Standard
Specifications for Highway and
Structure Construction, Wisconsin
Department of Transportation.

Effective Infiltration Area – Only the
bottom area of the infiltration trench
shall be used to determine the effective
infiltration area.

d.

Overflow – An overflow method shall
be designed to convey stormwater from
the trench during peak flow conditions.
The overflow shall be designed to
safely convey the 100-year storm event
for the tributary area the infiltration
trench serves.

e.

Observation Pipe – An observation pipe
shall be installed in every trench to

Slopes – The slope of the bottom of the
infiltration trench shall be 0%.

Infiltration Trenches
a.

For stone aggregate:

Installation – The longest dimension of
an infiltration trench shall be oriented
parallel to the surface contour.
Infiltration trenches may be designed in
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6 inches minimum in length and located
on opposite sides of the pipe.
Observation pipes for infiltration
chamber systems shall be attached to
the chambers in accordance with the
chamber manufacturer’s printed
instructions and extend through the top
of the infiltration chamber up to or
above finish grade and terminate with a
removable watertight cap. All
observation piping shall be a minimum
nominal pipe size of 4 inches and shall
conform to Comm 84.30-1.
(See figure in App. B.)

monitor the level of ponded water at the
bottom of the trench. At least one
observation pipe shall be installed for
every 200 linear feet of trench, and near
the center of the trench. Pipes shall be
provided with a means of anchoring to
keep the pipe vertical and at a steady
elevation. Observation pipes extend
from the bottom of the trench for stone
aggregate systems or from the inside of
infiltration chambers to a point at or
above finish grade. The lowest portion
of the observation pipe for stone
aggregate systems shall be slotted. The
slots shall be ¼” to ½“ in width,

C. Construction – A person trained and
experienced in the construction, operation and
maintenance of infiltration systems shall be
responsible for construction. (See App. A, Field
Inspection Checklist: Construction.) The
following shall apply:

Design Examples: Using Infiltration Trench
Curves to Manually Calculate Size
The examples below describe the steps involved to
manually calculate the size of an infiltration trench. The
examples use the tools in App. B, including Chart 1—
Target Stay-on Requirement, and the Infiltration Trench
Design Curves graph (with description of assumptions).
Example 1
Size an infiltration trench for a 2-acre warehouse
development. The pre-development CN for the site is 70.
Site soils are sandy loam with an infiltration rate of 0.5
in/hr. The entire 2-acre development will drain to the
proposed infiltration trench.
Step 1: Find the Target Stay-On Requirement (Chart1)
For a commercial development and a CN of 70, the stay-on
requirement is 16.5 in/yr.
Step 2: Use the infiltration trench design curves to
determine the size of the trench as a percentage of the
drainage area required to meet the stay-on requirement. The
percentage of drainage area required for a 16.5 in/yr stayon depth is approximately 3%.
For a 2-acre drainage area:
2 acres * 43,560 SF/acre * 0.03 = 2,614 SF of trench.
Step 3: Given a max. drawdown time of 72 hours and an
infiltration rate of 0.50 in./hr.
72 hrs. * 0.50 in./hr. = 36 inches = 3 feet deep
Example 2
Determine the volume of stormwater infiltrated by a 1,500
SF, 5-ft deep trench with a 1 acre drainage area. The soil
type is loamy sand with an infiltration rate of 1.63 in/hr.
Step 1: Determine the % of drainage area:
1,500 SF/1 acre / (43,560 SF/acre) * 100 = 3.4%
Step 2: Use the infiltration trench design curves to
determine the stay on depth and then multiply by the
drainage area to determine the volume.
From the infiltration trench design curve, the stay-on depth
for a % drainage area of 3.4% is 23.8 inches
23.8 in / 12 in/ft * 1 acre * 43,560SF/acre =86,393 CF

1.

Construction shall be suspended if residual
soil moisture contributes significantly to the
potential for soil smearing, clumping or
other forms of compaction.

2.

An assessment of the active erosion in the
drainage area to the infiltration trench shall
be performed to determine when to bring the
infiltration trench online. The trench shall be
brought online when the area draining to the
trench has been 90% stabilized. Stabilized
means the upstream area is permanently
vegetated or fully developed.

3.

During construction, one of the following
methods shall be used:

4.

3

a.

Compaction Avoidance – Compaction
of the area for the infiltration trench
shall be avoided.

b.

Compaction Mitigation – If compaction
or smearing occurs at the bottom of the
active infiltration area, the effects of
compaction shall be mitigated by
incorporating two inches of coarse sand
and refracturing to a depth of at least
12 inches. The active infiltration area
shall be evaluated and documented for
consistency with the original site
investigation.

During construction, the elevation of the
trench shall be surveyed for conformance to
the grades, elevations, and specifications in
the plan .
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5.

6.

point of discharge to the infiltration trench is at
the surface, and that surface is to be vegetated,
then the topsoil used as a planting media should
comply with the topsoil criteria in the WDNR
Conservation Practice Standard 1004,
Bioretention for Infiltration.

Excavate the infiltration trench to the design
dimensions. Excavated materials shall be
placed away from the trench sides to
enhance trench wall stability. Care shall be
taken to avoid sedimentation from entering
the trench. Large tree roots must be trimmed
flush with the trench sides in order to
prevent fabric puncturing or tearing of the
geotextile fabric during subsequent
installation procedures. The side walls of the
trench shall be roughened where sheared and
sealed by heavy equipment.

D. The DNR has created a technical note that may
be used to size infiltration basins. The
“Technical Note for Sizing Infiltration Basins
and Bioretention Devices To Meet State Of
Wisconsin Stormwater Infiltration Performance
Standards” contains an approved method to
determine the target stay-on depth and 12 design
charts that can be used to size these basins for a
variety of conditions. In addition, the technical
note contains a reference to an infiltration model
(RECARGA) that can also be used to determine
effective infiltration area requirements for
infiltration basins and bioretention devices.
However, because the model has an
evapotransportation component in it, it should
not be used to size an infiltration trench. The
target stay-on-depth chart (see App. B, Chart 1)
referred to in the Design Examples (see V.B)
may be used to determine the appropriate
quantity of stormwater that needs to be
infiltrated. Other models may be used if
approved. The Technical Note can be accessed
by visiting WDNR’s website at:
http://dnr.wi.gov and search for “stormwater.”

Type DF geotextile fabric shall completely
enclose the aggregate storage cell. Type DF
geotextile fabric shall meet the requirements
of Section 645, Wisconsin Standards and
Specifications for Highway and Structures.
The width of the geotextile fabric must
include sufficient material to conform to
trench perimeter irregularities and for a 6inch minimum top overlap. Stones or other
anchoring objects should be placed on the
fabric at the edge of the trench to keep the
fabric in place during windy periods. When
overlaps are required between rolls, the
uphill roll should lap a minimum of 18
inches over the downhill roll in order to
provide a shingled effect. When gravel-less
systems are used in a trench, the
manufacturer’s recommendations shall be
followed with respect to use of geotextile
filter fabric.

E. Because infiltration trenches are conduits to
groundwater, consider identifying the trench
location with GPS coordinates and placing the
coordinates in an emergency action plan for use
in case of an unanticipated event such as a spill.

VI. Considerations
These are recommendations related to design that
may enhance the use of, or avoid problems with, this
conservation practice.

F. Create a separate financial account that is
annually funded to provide for operation,
maintenance and replacement.

A. Pretreatment Options - For guidance, see
Wisconsin Conservation Practice Standards for
post-construction stormwater management.
Also, see other treatment credits available
through accepted modeling practices, such as
SLAMM and P8.

VII. Plans, Specifications and Supporting
Data
Plans, specifications and supporting data for the
proper construction and installation of infiltration
trenches shall be based on this technical standard and
shall provide information to demonstrate the
achievement of recharging local groundwater with
clean storm water. Plans, specifications and
supporting data shall include:

B. Lawn Treatment – Application of lawn care
nutrients and pesticides should be avoided on
areas upstream of an infiltration trench.
C. Planting – To further enhance the removal of
pollutants and help prevent compaction of the
soil for an infiltration trench that receives runoff
directly from the surface (e.g., sheet flow),
consider vegetation. The use of prairie grass or
other deep-rooted plants is encouraged. Dense
vegetation will also reduce soil erosion. If the

A. A detailed site plan showing one-foot contour
intervals defining the location, size and
orientation of the infiltration trench and the total
area draining to the infiltration trench. Site plans

4

Draft 9-red
8/13/10

IX. References

shall be at a scale sufficient for review and
construction.

Dane County Erosion Control and Stormwater
Management Manual, 2007.

B. Construction drawings, specifications and details
defining the infiltration trench’s depth, width,
length, elevations, construction materials,
proposed construction schedule and sequence,
and the required operation and maintenance plan.

California Stormwater BMP Handbook, 2003.
U.S. EPA, Storm Water Technology Fact Sheet,
Infiltration Trench, 1999.

C. Site data defining the specific infiltration rate of
the soils at the location of the infiltration trench,
in accord with WDNR Conservation Practice
Standard 1002, Site Evaluation for Stormwater
Infiltration.

Minnesota Urban Small Sites BMP Manual,
Infiltration Trenches.

D. Hydrologic and hydraulic data demonstrating the
inflow to the infiltration trench, its infiltration
capacity, and the capability of the installation to
safely convey the 100-year, 24-hour rainfall peak
discharge through the trench.

U.S. EPA, Stormwater Menu of BMPs, Infiltration
Trench.

E. Narrative statements that define the party
responsible for trench construction and
maintenance.

X. Definitions

Center for Watershed Protection, Infiltration
Trenches Fact Sheet, 2001.

U.S. Department of Agriculture, Natural Resources
Conservation Service, Illinois Urban Manual Practice
Standard, Infiltration Trench, Code 847.

Class V Injection Well (V.B.3.a )– A Class V
Injection Well is any bored, drilled, or driven shaft,
or dug hole that is deeper than its widest surface
dimension, or an improved sinkhole, or a subsurface
fluid distribution system. Any infiltration device that
has a subsurface pipe distribution system is
considered to be a Class V Injection Well and is
subject to the requirements in NR 815 Wis. Admin.
Code. Note: Private Onsite Wastewater Treatment
Systems (POWTS) approved and regulated under
COMM 83, Wis. Admin. Code, are specifically
exempt from the requirements of NR 815.
Construction or use of a Class V Injection Well is
subject to the reporting requirements in NR 815.08,
Wis. Admin. Code.

VIII. Operation and Maintenance
Operation and Maintenance (O&M) plans for
infiltration trenches shall at a minimum include the
maintenance events and frequencies as outlined in the
Inspection Checklists in App. A. Perform monthly
physical inspections from April through October
during the first year of operation. Also, O&M plans
shall address the following:
A. Accumulated material or debris on the surface of
the infiltration trench shall be removed
immediately when discovered.
B. Snow shall not be placed in the effective
infiltration area. It may be placed on the
pretreatment area.

Effective Infiltration Area (V.B.3.b) – The area of the
bottom of trench or infiltrative surface, not including
the trench side walls.

C. Any outlet structure, pipe or swale shall be
cleaned of accumulated material or debris
immediately when discovered, or at least twice
each year.

Gravel-less system (V.C.6) – A manufactured product
that has been approved by the Department of
Commerce as a storage and distribution material for
an infiltration trench. An example of a gravel-less
system is a leaching chamber or leaching system.

D. Water depth in the observation pipe shall be
measured and recorded twice per year at 72 to 80
hours after a rainfall event of 0.5 inches or more
during a 24-hour period. Water depth in the
observation pipe existing 72 hours after any
storm event indicates additional monitoring may
be needed to determine if maintenance or
corrective action is necessary. The infiltration
trench will be considered to be failing if
observation of water depth shows that less than
90% of the trench’s storage volume is available
72 hours after the last storm event.

Hydraulically Connected (V.A.1) – Occurs when
stormwater exits from an infiltration trench and flows
to a point of concern such as a building foundation.
Factors such as confining soil layers, flow gradients
and distance affect whether the trench is
hydraulically connected.
Level Spreader (V.B.4.b) – An outlet structure used to
disperse or "spread" concentrated flow uniformly
over a receiving area. A level spreader similates
sheet flow making treatment devices and infiltration
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devices more efficient and reduces the energy of the
storm water thereby reducing erosion and the
movement of sediment.
POWTS (V.A.4) – A private on-site wastewater
treatment system.
Porosity (V.B.3.a) – The ratio of the volume of the
voids to the total volume of the trench.
Smearing (V.C.3.b) – Physical compaction of the soil
that affects the soil structure and, subsequently, soil
infiltration rates.
Source Area (III) – A component of developed land
use including rooftops, sidewalks, driveways, parking
lots, storage areas, streets and lawn from which
runoff pollutants and volumes are generated during
periods of snow melt and rainfall runoff.
Target Stay-on Depth (VI.D): The amount of
infiltration required on an average annual basis. It is
the portion of the annual rainfall (inches) on the
development site that must be infiltrated on an annual
basis to meet the infiltration goal.
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Appendix A

Infiltration Trench
Field Inspection Checklist: Construction
Project:
Location:
Site Status:
Date:
Time:
Inspector:

Construction Sequence

Satisfactory/Unsatisfactory

Pre–Construction
Pre-construction meeting
Flows diverted (if possible) during
construction
Soil permeability verified
Groundwater/bedrock verified
Facility location staked out and
protected from compaction
Project benchmark established
Temporary erosion and sediment
control established

Filter Fabric Placement
Fabric per specification
Placed per plan location

Excavation
Size and location per plans
Side slopes stable
Trench area properly excavated
without soil compaction or
smearing. (If evidence of soil
compaction or smearing,
implement compaction mitigation
measures)
Elevation of infiltrative surface
matches that of the design
Soil texture/soil infiltration rate at
the infiltrative surface matches that
of the design

Aggregate Material
Size as specified
Clean/washed material
Placed properly
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Appendix A

Infiltration Trench
Field Inspection Checklist: Construction (cont’d.)
Construction Sequence

Satisfactory/Unsatisfactory

Observation Well
Pipe size per plans
Inlet installed per plans
Pre-treatment devices installed per
plans

Vegetation
Complies with planting
specifications
Topsoil complies with composition
and placement in specifications

Final Inspection
Dimensions per plans
Inlets - Outlets Operational
Diversion of flows not intended to
be infiltrated (if applicable)
Pre-treatment facilities operational
(if applicable)
Contributing watershed stabilized
before flow is routed to the facility

Actions to be taken:

Comments:
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Appendix A

Stormwater Infiltration Trench
Field Inspection List: Post-Construction
Location:
Site Status:
Date:
Time:
Inspector:
Responsible Party for Maintenance:

Maintenance Item

Satisfactory/Unsatisfactory

Comments

Debris Cleanout (Monthly)
(Additional inspections shall be made after every rainfall of 0.5 inches or more during a 24-hour period)
Contributing drainage area
clear of litter and vegetative
debris
Trench surface clean
Inflow pipes clear
Overflow spillway clear
Inlet area clear

Pretreatment Devices (Monthly During First Year, Then Annually)
(Additional inspections shall be made after every rainfall of 0.5 inches or more during a 24-hour period)
Device adequately functions
(if applicable)
Is maintenance required?
(if applicable)

Vegetation (if applicable) (Monthly During First Year, Then Monthly- During Growing Season)
(Additional inspections shall be made after every rainfall of 0.5 inches or more during a 24-hour period)
Maintenance carried out in
accordance with planting
specifications (if applicable)

Inlets (Monthly During First Year, Then Annually)
(Additional inspections shall be made after every rainfall of 0.5 inches or more during a 24-hour period)
Good condition
No evidence of erosion

Drawdown Time
(Inspect two times per year 72 to 80 hours after a rainfall of 0.5 inches or more in a 24-hour period)
Depth of water in
observation pipe less than
10% of trench volume.
(Water depth measured from
bottom of the trench)
See Section VIII of standard for
additional requirements and
definition of trench failure.
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Appendix A

Stormwater Infiltration Trench
Field Inspection List: Post-Construction (Cont’d.)
Maintenance Item

Satisfactory/Unsatisfactory Comments

Outlet/Overflow Spillway (if applicable) (Monthly During First Year, Then Annually)
Additional inspections shall be made after every rainfall of 0.5 inches or more during a 24 hour period
Good condition, no need of
repair
No evidence of erosion
No evidence of blockages

Aggregate Repairs (Monthly During First Year, Then Annually)
(Additional inspections shall be made after every rainfall of 0.5 inches or more during a 24-hour period)
Surface of aggregate clean
Top layer of stone does not
need repalcement
Trench does not need
rehabilitation

Comments:

Actions To Be Taken:
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Appendix B

CHART 1 - TARGET STAY-ON (ANNUAL INFILTRATION) REQUIREMENT
Based on the annual 1981 Rainfall for Madison, WI
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Note: 100% Predevelopment represents infiltration under predevelopment conditions

12

100

Draft 9-red
8/13/10

Appendix B

Note: The 5 ft. depth depicted in the Infiltration Trench Design Curves chart is not a limitation to
the depth of an infiltration trench.

Summary of Assumptions and Variables Behind Infiltration Trench Design Curves
Purpose: Use WinSLAMM to develop a series of charts showing the volume of stormwater infiltrated for varying infiltrative
surface area, contributing area, and soil types.
Height from datum to bottom of weir opening =
trench depth
15. Use default weir coefficients

Assumptions:
1. Site is 100% impervious
2. Land use area is Residential
3. Source area is 100% Roofs (Pitched and directly
connected)
4. Depth of trench = infiltration rate of soil (in/hr) * 72
hours (max draw down)
Maximum trench depth = 5 feet for 1.63 in/hr and
3.6 in/hr infiltration rates
5. Total depth = Depth of trench + 1 foot
6. Typical width = 10 feet (used for cost estimating, not
important)
7. Infil. rate fraction-bottom = 1.00
8. Infil. rate fraction-sides = 0.00 (All infiltration occurs
from bottom)
9. Rock filled depth = Depth of trench
10. Rock fill void ratio = 0.33
11. No engineered soil or % reduction due to engineered
soil
12. Inflow hydrograph peak to average flow ratio = 3.8
13. Number of devices in source area = 1
14. Outlet structure is a broad crested weir
Weir crest length = 50 feet
Weir crest width = 8 feet

Variables:
1. Surface area of trench
2. Size of contributing source area
3. Volume of Stormwater Infiltrated
4. Soil type/infiltration rate

SLAMM Files:
Rain file: WisReg - Madison, WI 1981.RAN (Winter
Range December 2 - March 12)
Pollutant Probability Distribution File - WI_GEO01.ppd
Runoff Coefficient File - WI_SL06 Dec06.rsv
Particulate Solids Concentration File - Wi_avg01.psc
Particulate Residue Delivery File - Wi_dlv01.prr
Street Delivery File:
Residential/Other - WI_Res and Other Urban
Dec06.std
Institutional/Commercial/Industrial - WI_Com
Inst Indust Dec06.std
Freeway - Freeway Dec06.std
Drainage System: 100% curb and gutters, valleys, or sealed
swales in good condition very steep
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UNITED STATES DEPARTMENT OF AGRICULTURE
NATURAL RESOURCES CONSERVATION SERVICE

CONSERVATION PRACTICE STANDARD

POND
(No.)
Code 378

DEFINITION
A water impoundment made by constructing a dam
or embankment, or by excavating a pit or dugout.
In this standard, ponds constructed by the first
method are referred to as Embankment Ponds and
those constructed by the second method are
referred to as Excavated Ponds. Ponds
constructed by both the excavation and
embankment methods are classified as
Embankment Ponds if the depth of water
impounded against the embankment at the auxiliary
spillway elevation is 3 ft. or more.
PURPOSE
To provide water for livestock, fish and wildlife,
aquaculture, recreation, fire control, crop and
orchard irrigation, and other related uses and to
maintain or improve water quality.

lowest point in the cross section taken along the
centerline of the dam. If there is no auxiliary
spillway, the top of the dam becomes the upper
limit.
3. The effective height of the dam is 35 ft. or less.
This practice applies where the water resource,
topography, soils, and geology are suitable for
construction and maintenance of a water supply
sufficient for the intended purpose. National
Engineering Manual, Part AL 501 requires the use
of form AL-ENG-27 or AL-ENG-27A and an
operations and maintenance (O&M) plan on all
earth fill ponds.
Site Conditions
Site conditions shall be such that runoff from the
design storm (Table 6) can be safely passed
through:

CONDITIONS WHERE PRACTICE APPLIES

1. natural or constructed auxiliary spillway,

This standard establishes the minimum acceptable
quality for the design and construction of low
hazard (class “a”) ponds if:

2. combination of a principal spillway and an
auxiliary spillway,

1. Failure of the dam will not result in loss of life;
damage to homes, commercial or industrial
buildings, main highways, or railroads; or in
interruption of the use or service of public
utilities.
2. The product of the storage times the effective
height of the dam is less than 3,000. Storage is
the volume in acre-feet in the reservoir below the
elevation of the crest of the auxiliary spillway.
The effective height of the dam is the difference
in elevation, in feet between the auxiliary
spillway crest and the

3. principal spillway designed to pass the auxiliary
spillway design storm flow with a minimum 10-ft.
wide auxiliary spillway, or
4. principal spillway designed to pass the
10-yr., 24-hr. storm for levee type ponds with
embankments that exclude outside runoff.
Drainage Area
The drainage area above the pond must be
protected against erosion to the extent that
expected normal sedimentation will not shorten the
planned effective life of the structure.

Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact the Natural Resources Conservation Service.

NRCS, AL
January 2006
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The drainage area shall be large enough so that
surface runoff, together with groundwater flow will
maintain an adequate supply of water in the pond
unless the owner supplements by pumping. The
area must be free of sources of pollution or
contamination so that the water will be suitable for
its intended purpose.
Reservoir Area
The topography and soils of the site shall permit
storage of water at a depth and volume that insures
a dependable supply, considering beneficial use,
sedimentation, season of use, and evaporation and
seepage losses. The pond supported by surface
runoff shall have soils impervious enough to
prevent excessive seepage losses or shall be of a
type that sealing is practicable.

shall not be steeper than one horizontal to one
vertical.
Seepage Control. Seepage control is to be
included if: (1) pervious layers are not intercepted
by the cutoff, (2) seepage could create swamping
downstream, (3) it is needed to insure a stable
embankment, or (4) special problems require
drainage for a stable dam. Seepage may be
controlled by (1) foundation, abutment, or
embankment filters and drains, (2) reservoir
blanketing, or (3) a combination of these measures.
Earth Embankment. The minimum top width for a
dam is shown in Table 1. Guard rails or other
safety measures shall be used in public road
situations and shall meet the requirements of the
Alabama Department of Transportation
Specifications.

CRITERIA
Embankment Ponds
Definitions. The designed height of the dam is
defined as being the vertical distance between the
lowest normal ground point along the centerline of
the dam and the top of dam.
Prevailing wind in Alabama is generally NW to SE;
however, localized conditions may be different.
Site Investigation. Field soil borings will be made
in the embankment foundation, auxiliary spillway,
and any borrow locations. Borings for the
embankment are usually along the centerline and
used to determine if an adequate cutoff can be
constructed. Borings in the auxiliary spillway and
borrow areas are used to determine the adequacy
of material to be used in the cutoff and
embankment. All soil borings will be recorded
using the appropriate engineering forms. Soil
materials shall be classified using the Unified Soil
Classification System.
Foundation Cutoff. A cutoff of relatively
impervious material shall be provided under the
dam. The cutoff shall be located at or upstream
from the centerline of the dam. It shall extend up
the abutments as required and shall extend into a
relatively impervious layer (minimum 1 ft.) or
provide for a stable dam when combined with
seepage control. The cutoff trench shall have a
minimum bottom width of 8 ft. and be adequate to
accommodate the equipment used for excavation,
backfill, and compaction operations. Side slopes
NRCS, Alabama
January 2006

Side Slopes. The combined upstream and
downstream side slopes of the settled
embankments shall not be less than that shown in
Table 2 and the front slope shall not be steeper
than two horizontal to one vertical (see Table 2).
All slopes must be designed to be stable, even if
flatter side slopes are required.
Wave Protection. Where needed to protect the
face of the dam, special wave protection measures
such as berms, rock riprap, sand-gravel, soil
cement or special water tolerant vegetation
(maidencane, switchgrass, sandbar willows, and
rice cutgrass) will be provided (see Technical
Release 56 or 69). When the location of the pond
exposes the dam to prevailing winds, and fetch
length is greater than 1320 ft., the upstream slope
shall be protected from wave damage as a
minimum by one of the following methods:
1. Place an 8-ft. wide berm approximately 1 ft.
above the designed waterline.
2. Place a blanket of riprap 2 ft. thick at the
designed waterline, the upper limit of this
blanket being 2 ft. above and the lower limit
being 1 ft. below the waterline.
3. Increase the width through the dam at the
designed waterline at least 4 ft. by flattening the
side slopes.
4. Plant water tolerant vegetation of the right
character and height on properly constructed
berms. When vegetation is recommended for

378-3
wave erosion protection, the vegetation should
be capable of enduring short durations of
inundation without serious damage and should
be sod formers or bunch-type plants.
Freeboard. The minimum freeboard elevation of
the top of the settled embankment shall be 1 ft.
above the water surface elevation of the reservoir
with the auxiliary spillway flowing at design depth
(See Table 6, Note 4 for exception). This minimum
may be more according to the prevailing wind fetch
length (Table 6, Note 7). The minimum difference
in elevation between the crest of the auxiliary
spillway and the settled top of dam shall be 2 ft. for
all dams having more than a 15-acre drainage area
or more than 20 ft. in effective height. This
difference in elevation can be reduced if the
auxiliary spillway design storm has been stored
below the crest of the auxiliary spillway. In this
case a minimum 10-ft. spillway can be used and the
difference in elevation between the crest of the
auxiliary spillway and the settled top of the dam can
be at least 1 ft. or more according to the prevailing
wind fetch length.
For levee type embankment ponds that exclude
outside drainage area and have a principal spillway
designed to handle the 10-yr., 24-hr. direct rainfall,
the minimum difference in elevation between the
settled top of dam and the permanent water
elevation shall be based on the prevailing wind
fetch length (Table 6, Note 7). In no case shall
freeboard be less than 1 foot.
Settlement. The design height of the dam shall be
increased by the amount needed to insure that after
settlement has taken place, the constructed height
of dam will equal or exceed the design height. This
increase shall not be less than 5 percent of the
height of the dam, except where detailed soil
testing and laboratory analysis shows a lesser
amount is adequate or field observations indicate a
greater amount is needed to obtain the needed
level of compaction. Maximum uncompacted
thickness of earthfill layers will be 8 in. and will be
traversed over the entire area by the hauling
equipment. Embankments used as public roads
will be completed by traversing with two passes on
each lift with a loaded pan or sheep-foot type roller.
Earthfill compaction shall be as stipulated in the
Construction Specification section. If for any
reason the designer is of the opinion that more
stringent compaction requirements are necessary,

percent of standard proctor and moisture limits can
be specified.
Principal Spillway. A pipe conduit, with needed
appurtenances, shall be placed under or through
the dam except where a rock, concrete or other
type mechanical spillways are used or where the
rate and duration of flow can be safely handled by a
vegetated or earth spillway without erosion. Water
level control pipe systems with short risers or a
hood inlet in a box may be used in renovation of
excavated or embankment ponds where installation
of a pipe through the base of the dam is not
practical. Siphon systems may be used in new
ponds or in renovation of existing ponds.
Storm Storage. The principal spillway crest
elevation shall be no less than 0.5 ft. below the
crest of the auxiliary spillway for dams having a
drainage area of 15 acres or less and no less than
1 ft. for dams having a drainage area of more than
15 acres.
When design discharge of the principal spillway is
considered in calculating peak outflow through the
auxiliary spillway, the crest elevation of the inlet
shall be such that the full flow will be generated in
the conduit before there is discharge through the
auxiliary spillway except where the pipe is enlarged
because of drawdown requirements. The inlets and
outlets shall be designed to function satisfactorily
for the full range of flow and hydraulic head
anticipated.
Pipe Conduit Size. The capacity of the pipe
conduit shall be adequate to discharge long
duration, continuous, or frequent flows without
discharge through the auxiliary spillway. The
diameter of the pipe conduit will not be less than
4 inches. If the pipe conduit diameter is 10 in. or
greater, its design discharge may be considered
when calculating the peak outflow rate through the
auxiliary spillway. The methods of detention
discharge for ponds as outlined in National
Engineering Handbook, Part 650, Engineering Field
Handbook, Chapter 2 and Alabama supplement,
and Chapter 11 of the Alabama Engineering Field
(Design) Manual [AEF(D)M] will be used to
determine the pipe size. With the required
discharge capacity determined, use Table 11-2 in
the [AEF(D)M], or an approved computer program
to select the size of pipe conduit and riser.
Requirements of Pipe Conduits Under or
Through the Dam. The pipe shall be capable of
NRCS, AL
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withstanding the external loading without yielding,
buckling, or cracking. Flexible pipe strength shall
not be less than that necessary to support the
design load with a maximum of 5 percent
deflection. The inlets and outlets shall be
structurally sound and made from materials
compatible with those of the pipe. All pipe and
joints are to be made watertight by the use of glued
couplings, gaskets, or welding. Total pipe length
will include a minimum of 6 ft. added to extend
beyond the downstream toe and 4 ft. added to
extend beyond the upstream toe.

(SAF) stilling basin or an impact basin may be used
to provide a safe outlet. Protective coatings of
asphalt or vinyl on galvanized corrugated metal
pipe, or coal tar enamel paint on welded steel pipe
should be provided in areas that have a history of
pipe corrosion, or where the saturated soil
resistivity is less than 4,000 ohms-cm, or where the
soil pH is lower than 5.

For dams 20 ft. or less in total height, acceptable
pipe materials are ductile iron, welded steel,
corrugated steel or aluminum, reinforced concrete,
plastic, and pre-cast and site-cast reinforced
concrete. Concrete pipe shall be laid in concrete
bedding. Plastic pipe that will be exposed to direct
sunlight should be protected by coating or
shielding; or provisions made as necessary for
replacement. Connections of plastic pipe to less
flexible pipe or structures must be designed to
avoid stress concentrations that could rupture the
plastic.

Cathodic Protection. Cathodic protection is to be
provided for coated welded steel and galvanized
corrugated metal pipe where soil and resistivity
studies indicate that the pipe needs a protective
coating, and where the need and importance of the
structure warrant additional protection and
longevity. If cathodic protection is not provided for
in the original design and installation, electrical
continuity in the form of joint-bridging straps should
be considered on pipes that have protective
coatings. Cathodic protection should be added
later if monitoring indicates the need.

For dams more than 20 ft. in total height, conduits
shall be reinforced concrete pipe, cast-in-place
reinforced concrete, corrugated steel or aluminum,
or welded steel pipe. The maximum height of fill
over any principal spillway, corrugated steel pipe or
aluminum pipe will not exceed 25 feet. Refer to
Tables 3 and 4 in this standard.

Seepage Control. Seepage control along a pipe
conduit spillway shall be provided if any of the
following conditions exist:

A drain pipe with a suitable valve or other device
shall be provided where needed for proper pond
management or required by local or State law. The
pipe conduit may be used as a drain when so
located as to accomplish this function. Supply lines
to watering troughs and other appurtenances shall
have a minimum inside diameter of 1.25 inches. A
watering trough when needed will be used and
placed below embankment and excavated ponds.
Anti-steep collar requirements shall apply to supply
lines also.
Joint and Appurtenances. The joints between
sections of pipe shall be designed to remain
watertight after joint elongation caused by
foundation consolidation. Concrete pipe shall have
concrete bedding or a concrete cradle if required.
Cantilever outlet sections, if used, shall be
designed to withstand the cantilever load. Pipe
supports shall be provided when needed. Other
suitable devices such as a Saint Anthony Falls
NRCS, Alabama
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Specifications in Tables 3 and 4 are to be followed
for polyvinyl chloride (PVC), polyethylene, steel,
and aluminum pipe.

1. The effective height of dam is greater than
15 feet.
2. The conduit is of smooth pipe larger than
8 inches in diameter.
3. The conduit is of corrugated metal pipe larger
than 12 inches in diameter.
Seepage along pipes extending through the
embankment shall be controlled by use of a filter
and drainage diaphragm, unless it is determined
that anti-seep collars will adequately serve the
purpose. See Table 5 for the recommended
number of anti-seep collars to use.
Diaphragm Drain. The drain is to consist of sand,
meeting fine concrete aggregate requirements in
ASTM C-33 (at least 15% passing the No. 40 sieve
but no more than 10% passing the No. 100 sieve).
If unusual soil conditions exist, a special design
analysis shall be made.
The drain shall be a minimum of 2-ft. thick and
extend vertically upward and horizontally at least
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three times the pipe diameter, and vertically
downward at least 18-in. beneath the conduit invert.
The drain diaphragm shall be located immediately
downstream of the cutoff trench, approximately
parallel to the centerline of the dam.
The drain shall be outletted at the embankment
downstream toe, preferably using a drain backfill
envelope continuously along the pipe to where it
exits the embankment. Riprap protection of drain
fill from surface erosion will be necessary.
Anti-Seep Collars. When anti-seep collars are
used in lieu of drainage diaphragm, they shall be
installed around the pipe conduit or pond drain pipe
within the normal saturated zone. When one collar
is used, it will be placed at centerline of dam.
Additional collars will be equally spaced alternately
between the fill centerline and the upstream (us)
end and downstream (ds) end of the conduit with a
spacing not to exceed 14 times the maximum
projection of the collar measured perpendicular to
the pipe but not more than 25 feet. The minimum
spacing shall be 10 feet. (Example centerline - usds-us-ds). The anti-seep collar(s) shall increase by
at least 15 percent the seepage path along the pipe
within the normal saturation zone. Table 5 may be
used to determine the number of collars required.
The length of the conduit within the normal
saturation zone is assumed to be the length from
the upstream toe to midway between the centerline
of the dam and downstream slope where the pipe
exits the dam.
Anti-seep collars and their connections to the pipe
shall be watertight. The collar material shall be
compatible with pipe materials. Metal anti-seep
collars and their connections to the pipe shall
extend a minimum of 18 inches in all directions
from the pipe and have a minimum thickness of
0.25 inch. Reinforced concrete collars shall have a
minimum thickness of 6 in. and shall extend a
minimum of 2 ft. in all directions from the pipe
except when the pipe is bedded on rock. Concrete
collars will only be used with concrete pipe. On
plastic pipes, use flexible collars of 6 mil or thicker
plastic or rubber sheeting attached with stainless
steel clamps or waterproof tape and caulked to
ensure water tightness.
Trash Guards. An approved type of trashrack
sleeve (minimum length 24 in.) or wildlife sleeve
shall be installed at the riser inlet on all drainage
area embankment ponds to prevent the conduit

from clogging. Levee ponds will need a trashrack
or be screened to prevent fish from escaping and
prevent wild trash fish from entering the pond
through the pipe. The minimum quality of material
used shall be 16 gage and shall be protected by
asphalt coating, galvanizing, or water durable paint.
Trash guards of PVC or polyethylene are
acceptable if size and thickness are adequate.
Barrels or plastic buckets are not acceptable. All
hardware used for mounting shall be of equal and
compatible material.
Anti-vortex. Closed conduit spillways designed for
pressure flow are to have adequate antivortex
devices.
Hood Inlet. A hood inlet may be used when
installed in the dam abutment with any size of pipe
barrel. The section of pipe on which the hood is
installed must be at least 12-ft. long and be of steel,
aluminum, concrete, PVC, or bituminous coated
corrugated metal. The hood shall be on top of the
pipe and project three-fourths of the diameter of the
pipe. The vertical distance between the invert of
the pipe and control section of the auxiliary spillway
shall be no less than 1.5 times the diameter of the
pipe.
Siphon Spillway. A siphon pipe spillway is a
closed conduit system formed in the shape of an
inverted "V", positioned so that the invert of the
bend (CREST) of the upper passageway is at
normal water surface elevation. The initial
discharge of the siphon, as the reservoir level rises
above normal, is similar to flow over a weir.
Siphoning action begins after the air in the siphon
pipe has been exhausted, usually at a depth over
the crest equal to about 1/3 the pipe diameter. An
air vent is provided to break the siphoning action
when the reservoir water surface is drawn down to
normal pool elevation. Because of the negative
pressure that exists within the siphon when flowing
full, the pipe joints must be air tight and the pipe
must be sufficiently rigid to withstand the collapsing
forces. Welded steel or plastic pipe with glued
joints should be used. Pipe joints using rubber
gasketed joints may not be sufficiently airtight to
function properly in a siphon system.
The following minimum criteria shall apply to siphon
spillway systems, in addition to other applicable
criteria listed elsewhere in this standard: The total
drop of the siphon will be limited to a maximum of
20 feet. A 2-in. diameter vent pipe will be used on
siphon pipes up through 8-in. and a 4-in. diameter
NRCS, AL
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vent pipe will be used for siphons 10-in. through 16in. diameters. Pipe used for siphons shall be
smooth steel or smooth plastic pipe with a minimum
wall thickness equivalent to Schedule 40 or SDR
26. The siphon will have an elbow on the
downstream end or will be submerged during flow
to completely seal the end of the pipe. If an elbow
is used, it will have a 1/4-in. to 3/8-in. weep hole
drilled in the bottom of the elbow to insure that
water does not freeze in the pipe and possibly
prevent the siphon from functioning. The pipe will
be buried through the dam and the downstream
section of the pipe will be buried or will have
adequate anchors and restraints to prevent thrust
forces and vibrations from breaking the pipe. The
vent pipe will be protected by a perforated pipe
sleeve to prevent floating debris from clogging the
vent. The total area of the perforations in the vent
pipe sleeve should equal at least four times the
vent pipe area. The inlet to the siphon shall have a
perforated section which will exclude trash, turtles,
fish, etc. The perforated inlet section must have an
open area equivalent to at least two times the cross
sectional area of the siphon pipe.
Auxiliary Spillway. Auxiliary spillways convey
large flood flows safely past earth embankments
and have historically been referred to as
“Emergency Spillways”.
An auxiliary spillway shall be provided for all dams
to safely pass the design storm runoff around the
dam. Auxiliary spillways shall pass the design flow
at a safe velocity to a point downstream where the
dam will not be endangered. Where spillways are
constructed in earth, they shall be vegetated.
Earthen portions of a spillway constructed in rock
shall be vegetated. All embankment ponds will
have a minimum 10-ft. wide spillway, except leveetype embankment ponds which exclude outside
drainage area. These type levee ponds are not
required to have an auxiliary spillway if the principal
spillway is designed to handle a
10-yr., 24-hr. rainfall.
Excavated spillways shall consist of an inlet
channel, a control section, and an exit channel.
Inlet Channel. The inlet channel is that portion
upstream from the control section. It shall have a
uniform negative grade toward the pond with a
minimum slope of 0.5 percent or enough grade to
achieve adequate drainage. The alignment of the
inlet channel may be curved to fit existing
topography.
NRCS, Alabama
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Control Section. The control section shall be
constructed level at designed grade with a
minimum length of 25 feet.
Exit Channel. The exit channel, that portion
downstream from the control section, shall be
straight in alignment for a distance of 50 ft., if
possible, and its centerline shall be perpendicular to
the control section. The grade of the exit channel
shall fall within the range established by discharge
requirements and maximum permissible velocities.
The exit channel shall terminate at a point where
the design flow may be discharged without erosion
or damage to the earth embankment. Refer to
AEF(D)M, Chapter 11, Ponds and Reservoirs.
Capacity. The minimum capacity of the natural or
constructed earth spillway shall be that required to
pass the peak flow expected from a design storm of
the frequency and duration shown in Table 6 less
any reduction creditable to conduit discharge and
detention storage.
Cross-Section. The spillway shall be excavated in
undisturbed earth and have a trapezoidal cross
section with side slopes not steeper than three
horizontal to one vertical. The side slopes may be
vertical when the spillway is excavated in rock.
If a rock auxiliary spillway is to be designed, the
table for vegetated spillways excavated in erosion
resistant soil found in AEF(D)M, Chapter 11, is to
be used.
Structural Auxiliary Spillways. Chutes or drops,
when used for principal spillways or auxiliary
spillways, will be designed according to the
principles set forth in the National Engineering
Handbook: Section 5, Hydraulics; Section 11, Drop
Spillways; and Section 14, Chute Spillways. The
minimum capacity of a structural spillway shall be
that required to pass the peak flow expected from
the design storm less any reduction creditable to
conduit discharge and detention storage.
Visual Resource Design. The landscape will be
considered in planning earthfill ponds to improve
the surroundings. Trees and shrubs should not be
left within 15 ft. of the dam except at locations
above the waterline. The landscape can be
improved by leaving desirable trees on the slopes
between the auxiliary spillway and the end of the
dam. Ponds in areas of high public visibility and
those associated with recreation are to receive
careful visual design. The underlying criterion for
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all visual design is appropriateness. The shape
and form of ponds, excavated material and
plantings are to relate visually to their surroundings
and to their function.
The embankment can be shaped to blend with the
natural topography. The edge of the pond can be
shaped so it is generally curvilinear rather than
rectangular. Excavated material can be shaped so
the final form is smooth, flowing, and fitting to the
adjacent landscape rather than appearing as
angular geometric mounds. Where feasible,
islands or piers can be added for visual interest and
wildlife value.
Reservoir Area. Reservoir areas are to be cleared
at least up to the elevation of the lowest ungated
principal spillway inlet. Stumps must be cut as
close to the ground as possible.
Less clearing may be approved by the state
conservationist for a specific site if the structure
incorporates fish and wildlife features and the
sponsor or owner requests that the area not be
cleared, or if the cost of clearing is disproportionate
to the other costs of the structure and lack of
clearing will not interfere with the functioning of the
reservoir. If approval is granted, the minimum area
cleared must extend the full length of the dam for a
distance of 400 ft. upstream from the principal
spillway and must include the area upstream from
the auxiliary spillway to the extent required for it to
function properly.
Excavated Ponds
Runoff. Provisions shall be made for a pipe and
auxiliary spillway if necessary. A pipe will be used
when flow from springs or from seepage is
anticipated to occur for about six months of the
year. The pipe will be set a minimum of 6 in. below
the crest of the auxiliary spillway. Flow patterns will
be considered when locating the pond and placing
the spoil.
Site Investigation. Site suitability and design shall
be based on adequate investigations and surveys
as described in AEF(D)M,
Chapter 11 - Ponds and Reservoirs.

Depth. The depth of a pond shall be no less than
that required to provide water for the intended
purposes. Where site conditions will permit, a
minimum depth of 6 ft. shall be provided over at
least one-half of the bottom area.
Auxiliary Spillway. Where excavated material is
used to construct an embankment, an auxiliary
spillway (minimum 10 ft. width) must be installed
with a stage and freeboard (minimum 1 ft.)
sufficient to insure safety of the dam. If there is two
feet of water, or more, impounded against the
embankment at the auxiliary spillway elevation, or if
the drainage area exceeds 10 acres, the auxiliary
spillway shall be designed as for an earthfill pond.
Side Slopes. Side slopes of excavated ponds shall
be no flatter than those needed to obtain slope
stability and in no event shall they be steeper than
1 horizontal to 1 vertical. Where the pond is to be
used for direct watering by livestock, at least one
slope shall be 3:1 or flatter. If the pond is used for
watering swine, the water will be piped to a trough
or a concrete watering ramp installed and the pond
shall be fenced to provide protection to the side
slopes.
Perimeter Form. When the pond is used for
recreation or is located in high public view, the
perimeter or edge should be shaped to a curvilinear
form.
Inlet Protection. Where surface water enters the
pond in a natural or excavated channel, the side
slope of the pond shall be protected against
erosion.
Placement of Excavated Material. The excavated
material shall be placed in one of the following
ways:
1. Uniformly spread to a height not exceeding 3 ft.
above the designed water elevation, with the top
graded on a continuous slope away from the
pond.
2. Shape to a design form that blends visually with
the landscape.
3. Use for low embankment and leveling.

Capacity. The storage capacity of excavated
ponds shall be such that an adequate supply of
water is available for all intended purposes when
needed.

4. Haul away.
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Ponds Constructed Primarily for Aquaculture
Levee type ponds which exclude outside runoff and
embankment ponds constructed for fish production
shall be designed using the preceding criteria with
these added requirements:
1. Pipe. A pipe will be required for management
purposes. The drain pipe on cut and fill ponds
should be placed at the lowest constructed
ground elevation.
2. Shallow Water. All shallow water edges,
where feasible, shall be deepened to provide a
minimum depth of 2.5 ft. and preferably 3 ft. of
water on slope of 4:1 or steeper. This does not
apply to crawfish ponds.
3. Location of Levee Ponds. Levee ponds
located in the flood plain are to be located so
the main drainage of the floodplain shall pass
as a minimum the runoff from the 25-yr.‚ 24-hr.
storm without significant flooding or damage to
utilities and private or public property. It is
recommended that 40 to 50 percent of the
owner's floodplain area around the channel be
left open. Unless flood prone maps are
available in each county, designers will make
valley and channel section surveys for use in
rating and determining flood plain limits of the
design storm.
4. Water Supply. Levee production and
embankment production ponds with small
drainage areas should have an adequate water
supply available to replenish oxygen losses and
for proper pond management. A good rule of
thumb is 15 to 25 gallons per minute, per acre
of surface area. In addition, provision must be
made for emergency aeration during periods of
low oxygen.
5. Water Control Structure. The riser and deep
water release can be designed and installed to
control the water level and remove excess
water from either the bottom or from different
elevations in the pond. The drain pipe must be
adequate to completely drain the pond and
draw the water down within a three-day period
to a seineable depth and be so located as to
provide positive uniform drainage from the
entire pond area including harvesting basin. A
screen should be installed over the valve inlet
or outlet pipe to prevent fish loss and to prevent
wild trash fish from entering the pond. The riser
NRCS, Alabama
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and drain facilities when possible should be
located in one corner of the embankment area
to provide a more desirable seineable harvest
area.
6. Spillway Storage. The principal spillway and
storage must be designed for a minimum 5-yr.,
24-hr. storm runoff to limit auxiliary spillway
operation. A properly designed trashrack or
sleeve with screens for the riser will prevent
loss of fish from the pond and also prevent
trash fish from entering the pond during storm
periods. When completing the principal
spillway design, check to see if it drains the
pond down to the seinable depth within the
three-day period as specified in Item 5.
7. Harvesting Basin. The pond area for
commercial harvested ponds shall be
developed with a smooth bottom shaped to
drain to the pipe and be free of stumps, snags,
and other obstructions. The harvesting basin
for small operations shall be constructed, as a
minimum, 1/5 the size of the pond and at least
18 in. deep and the bottom and sides shall be
smooth and uniform and be free of stumps and
snags. When a series of small ponds are
constructed together, consideration should be
given to developing the harvest basin and
drainage facilities adjacent to each other to
permit the harvest of fish from two ponds at the
same loading locations.
8. Road System. An adequate all-weather road
system with ramps shall be planned and
constructed to provide access to the pond or
ponds to facilitate stocking, feeding, and
harvesting operations. Gravel, sand, crushed
stone, chert, or other similar material should be
used on main segments to facilitate all-weather
use. Culverts should be installed in low areas
along the all-weather road to provide surface
drainage. The road around the pond shall be
constructed a minimum of 1 ft. above the
permanent waterline elevation to accommodate
feeding and harvesting of fish.
9. Top Width and Side Slopes. The top width of
dikes, levees, and dams for ponds used as
roads for feeding and harvesting purposes in
commercial fish production shall be a minimum
of 14 ft., except embankments used for
electrical service which shall have a minimum
top width of 16 ft. (Refer to Alabama NRCS
Conservation Practice Standard, Aquaculture
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Ponds – Code 397). Side slopes (wet) shall be
3:1 or flatter to facilitate harvest and to
minimize damage from wave action. In order to
reduce costs on some ponds, the engineer may
approve the use of a 2.5:1 slope on the wet
side of the dam. Levees or dikes between
ponds not used as roads may be designed for
minimum top width as shown in Table 1.
Where embankments join other embankments
or abutments longer radius turns should be
used to enable larger trucks to make
appropriate turns easier.
10. Vegetation. The vegetation plan and operation
and maintenance plan will be as outlined in the
Plans and Specifications section.
Ponds Constructed Primarily as Shallow Water
Impoundments for Wildlife.
Ponds constructed as shallow water impoundments
for wildlife shall be designed using the preceding
criteria for embankment and excavated ponds with
these exceptions:
•

Green tree reservoirs shall meet the functional
requirements contained in Alabama NRCS
Conservation Practice Standard, Wetland
Wildlife Habitat Management, Code 644.

•

Sites with 6 ft. or less effective height (as
defined in this standard) and less than a
5:1 watershed to pond ratio can be designed
utilizing Class III dike criteria contained in
Alabama NRCS Conservation Practice
Standard, Dike, Code 356.

•

•

Where frequent flood flows can bypass on the
floodplain and return to the drainage ways
without causing erosion or other undesirable
conditions, the principal spillway (or other water
control structure) may be sized to meet the
functional requirements of the impoundment
rather than the requirements of Table 6. The
requirements for the auxiliary spillway design
storm shall remain the same. Where these
conditions exist, the riser may be set at no less
than 0.5 ft. below the crest of the auxiliary
spillway or bypass elevation.
Ponds located in flood plain areas shall meet
the same requirements for flood plain blockage
as those identified for aquacultural ponds.

•

The area around the embankment shall be
cleared so that the distance to the edge of the
nearest tree canopy is not closer than 20 ft. to
the toe of the embankment.

Renovation of Embankment and Excavated
Ponds
Pond clean out shall consist of removal of
accumulated silt, debris, bank sloughing, and other
material from the reservoir. The purpose of
excavated pond renovation is to restore the useful
storage capacity and to reduce safety and disease
hazards to livestock. Renovation of embankment
ponds will be to restore the original storage
capacity and water level control pipe and to repair
the embankment and the earth spillway.
Renovated ponds used for livestock watering
should be fenced and a concrete or riprap watering
ramp installed in the pond or a trough installed
downstream to maintain water quality and quantity.
Renovation applies to water impoundment
reservoirs constructed with or without costsharing
funds. It is limited to excavated and small
embankment ponds which no longer serve the
purpose for which they were originally designed
due to damage from erosion, cattle traffic, and
sedimentation.
Material Requirements
Pipe materials shall meet the requirements of the
reference specification for the type of material used
as shown in Table 7.
Corrugated Steel Pipe. Field coupling of pipe
sections shall be accomplished by means of
coupling bands and watertight gaskets or flange
pipe couplings. The band couplers shall be at least
5 corrugations wide for annular corrugated pipe, or
9 in. for spiral corrugated pipe. Minimum gage shall
be as shown in Table 4, Minimum Gages,
Corrugated Metal Pipe. Protective coatings shall
be used as outlined in the section on Joints and
Appurtenances, Principal Spillway, and
Embankment Pond Criteria.
Smooth Steel Pipe. Good quality, used, smoothwelded steel pipe suitably protected from rust and
corrosion may be used.
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Used pipe must have a remaining wall thickness at
any pitted or rust spot equal to 75% of the
equivalent wall thickness of new pipe.

bedding and flexible anti-seep collars should be
used to avoid stress concentrations in the pipe as it
deflects.

Reinforced Concrete Pipe. New pipe shall be
used, shall have flexible watertight joints with
rubber gaskets, shall be cambered, and shall be
able to withstand the external loadings specified.

CONSIDERATIONS

Plastic Pipe. New pipe shall be used and shall
conform to requirements in Table 3. The conduits
shall be transported, stored, installed, and
protected according to manufacturer's
recommendations. Smooth lined corrugated plastic
tubing pipe conforming to AASHTO M252 or M294
may be used in pond installations provided it is
properly bedded and connected with watertight
couplings.
Inspection. NRCS personnel shall thoroughly
inspect the material and fittings to determine if they
meet the requirements of the specifications, test
results, and certification from the manufacturer.
Although the products may have met standard
specifications when tested or at the time of delivery
by the supplier, they may have become defective
before installation. Inspection by NRCS personnel
at the job site is essential to determine the
adequacy of the product to be used.
Materials evaluated and found not to meet the
requirements of the specifications or found not
suitable for the use intended shall not be used.
Documentation shall be by a statement made in the
Engineering Field Notes on the inspection and
acceptance or rejection of the materials.
Installation Requirements. Installation
requirements for corrugated steel and corrugated
aluminum and plastic PVC pipe shall be as outlined
in AEF(D)M, Chapter 11, Ponds and Reservoirs,
Construction Methods and Specifications; Technical
Note ENG-AL-10; be installed according to
manufacturer's recommendations; or in accordance
with recommended procedures outlined in the
AWWA Manual of Water Supply Practices, Manual
M23.
The pipe conduit should be cambered to prevent
breaking or joint separation when the dam is built.
That is, the pipe should be laid essentially level to
centerline of dam, then laid essentially straight to
the exit end elevation. Then when the earth fill load
is applied over the pipe, the pipe will flatten to a
smooth uniform grade and tighten the joint. Flexible
NRCS, Alabama
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Ponds are constructed to improve water quality and
they create new surface and groundwater regimes.
Generally, peak discharge will be reduced and in
many instances reduced to zero during dry periods.
There may be increased recharge to the
groundwater since most ponds seep and the base
flow may extend for a longer period of time.
Properly constructed ponds will trap nutrients,
sediment, and pesticides. Therefore, chemical
concentrations will normally be higher in the pond
area and lower in the downstream channel section.
Ponds constructed in pervious soils may cause
more leachable substances to be carried into the
groundwater. Plans should be made for each site
based on site conditions and the desired water
quantity and quality needed downstream. Surface
water temperature of the pond will increase.
Siphon spillway inlets are placed above the pond
bottom and will not completely drain the reservoir.
Siphon spillways can be designed to discharge
poorer quality water from near the pond bottom
thereby improving the quality of water in the
reservoir.
Consider the use of fencing and a heavy use area
protected watering ramp for ponds used as a direct
source of water for livestock.
Outlet Protection. Generally, pipe outlet
protection is needed for barrel pipe diameters of 12
in. or greater on easily erodible soils. For other
soils, pipe outlet protection should be considered
on a case by case basis. Contact the resource
engineer to obtain assistance in designing outlet
protection.
Regulations Governing the Impounding of
Water
To comply with the rules and regulations of the
State of Alabama and U.S. Army Corp of Engineers
(COE) governing the impounding of water or
damming of water courses in Alabama, the
following shall apply:
1. The construction of ponds in Alabama may
require a National Pollution Discharge
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Elimination System (NPDES) Permit from the
Alabama Department of Environmental
Management (ADEM) by the landowner or
contractor prior to construction based on the
amount of land disturbed and the purpose of the
pond.
2. Federal laws designed to protect wetlands and
other waters of the U.S. require a permit for
construction of some ponds. According to the
COE, a 404 Permit determination must be made
for ponds that involve more than 0.1 acre of
wetland or other waters of the U.S. unless
exempted as part of an established farming
operation or otherwise permitted under a
nationwide permit.

construction specifications, vegetation plan,
narrative statements in conservation plans or other
similar documents.
The site will be protected by perennial vegetation
as shown in the Construction Specifications for this
practice. A strip of adapted perennial vegetation, at
least 50 ft. wide, will be established above all
impounded areas that are not already protected by
a good sod, woods, or other protective type
vegetation. The vegetation plan will include the
salvage of surface soil from the site and placement
over critical areas. The area will be mulched after
seeding.
OPERATION AND MAINTENANCE

3. Safety measures such as warning signs, rescue
facilities, fencing, etc., will be included in the
plans as appropriate to the location and
anticipated use of the ponds.

An operation and maintenance plan will be made
for each structure site and given to the landuser
along with the plans and specifications for
construction.

4. Construction operations shall be carried out in
such a manner that soil erosion, and air, water,
and noise pollution will be minimized and held
within legal limits as established by state
regulations.

When needed, fencing, and watering trough will be
provided to protect the pond and vegetation from
livestock.

Cultural Resources. Consider existence of
cultural resources in the project area and any
project impacts on such resources. Consider
conservation and stabilization of archeological,
historic, structural, and traditional cultural properties
when appropriate.
Fish and Wildlife. Project location and
construction should minimize the impacts to
existing fish and wildlife habitat.
When feasible, structures such as trees in the
upper reaches of the pond and stumps in the pool
area should be retained. Upper reaches of the
pond should be shaped to provide shallow areas
and wetland habitat.
PLANS AND SPECIFICATIONS
Plans and specifications are to be prepared for
specific field sites in keeping with this standard and
shall describe the requirements for applying the
practice to achieve its intended purpose. The
appropriate Construction Specification for this
standard will be used. Plans and specifications
include construction plans, drawings, job sheets,

All ponds must be adequately maintained if their
purposes are to be realized through the expected
life. Special considerations shall be given for
maintenance needs during the planning, design,
and construction of the pond.
Rills on the slopes of the dam and eroded areas in
the earth spillway shall be filled with suitable
material, compacted, reseeded, and fertilized as
needed. Should the upstream face of the dam
wash, due to wave action, protection such as riprap
shall be installed. If seepage through or under the
dam occurs, proper corrective measures shall be
taken.
The vegetative cover of the dam and earth spillway
shall be maintained by mowing and fertilizing or
burning when needed. Trees can cause leaks and
safety hazards and should not be permitted in the
embankment or the auxiliary spillway.
Appurtenances such as trickle tubes, trashracks,
outlet structure and valves shall be kept free of
trash and replaced when needed. If vent pipes on
siphon spillway systems are allowed to plug with
trash or ice, the siphon action will not be broken
and the pond could drain.
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REFERENCES
National Engineering Manual
National Engineering Handbook Series, Part 650, Engineering Field Handbook, Chapter 11, Ponds and
Reservoirs
Alabama Engineering Field (Design) Manual [AEF(D)M] - Chapter 11 - Ponds and Reservoirs
Alabama NRCS Conservation Practice Standards
Aquaculture Ponds, Code 397
Critical Area Planting, Code 342
Dike, Code 356
Fence, Code 382
Heavy Use Area Protection, Code 561
Subsurface Drains, Code 606
Wetland Wildlife Habitat Management, Code 644
Alabama Guide Sheets
Pond Construction – AL 378
Excavated Pond Development – AL 378A
Erosion and Sediment Control During Farm Pond Construction - AL 378B
Embankment Pond Renovation – AL 378C
Use Exclusion - Livestock - AL 472
Watering Ramp - AL 561A
Alabama Engineering Technical Note
ENG-AL-10
OTHER DOCUMENTS
Alabama Engineering Forms
AL-ENG-2 – Earth Fill Pond Plan
AL-ENG-3 – Plan of Pond (Farm)
AL-ENG-4A – Pond Design Data (All Classes of Ponds)
AL-ENG-5 – Pond Construction Check Data
AL-ENG-6 – Dug Pond Design Data
AL-ENG-7 – Plan of Excavated Pond
AL-ENG-27 – Application for Technical Assistance for the Design of a Dam and Reservoir or Embankment
Type Structure
AL-ENG-27A – Application for Technical Assistance for the Design of a Pond Associated with an Aquaculture
Farming Operation
AL-ENG-34 – Farm Pond (Embankment) Data Sheet
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Table 1. Embankment Top Width (Minimum)

Total
Height of Dam
(Ft.)
less than 10
10 to 14.9
15 to 19.9
20 to 24.9
25 to 34.9
35

Top Width
(Ft.)

Top Widths
(Farm Roads)
(Ft.)

6
8
10
12
14
15

12
12
12
14
14
16

Top Width
(Public Road)
1 Way
2 Way
(Ft.)
(Ft.)
16
16
16
16
16
16

28
28
28
28
28
28

Table 2. Side Slope Based on Embankment Material

Embankment Material

Minimum Slopes
Horizontal to Vertical
Both Slopes*

Clayey Sand (SC), Sandy Clay (CL),
Silty Clay (CL), Silty Sand (SM),
Clayey Gravel (GC), Silty Gravel (GM)

5 to 1

Silt (ML), Fat Clay (CH), Clayey Silts (MH)

6 to 1

Fine Sand (SM-SP) (Minimum one side 3.5 to 1)

8 to 1

*Dams to be mowed should have 3:1 side slopes or flatter on back side.

NRCS, AL
January 2006

378-14

Table 3. Acceptable PVC* and Polyethylene Pipe for Use in Earth Dams

Nominal Pipe Size
(inches)

Smooth Wall PVC Pipe**
4

6 thru 12

Schedule or Standard
Dimension Ratio (SDR)

Maximum Depth of
Fill Over Pipe (ft.)

Sched. 40
Sched. 80
SDR 26

15
20
10

Sched. 40
Sched. 80
SDR 26
SDR 35

10
15
10
5

Corrugated smooth-lined polyethylene and PVC***
4 thru 18
N-12, A-2000
24 thru 36
N-12

15
10

*

Plastic pipe manufactured to conform to ASTM Specifications other than those listed may be used
with the maximum fill limits shown in Table 3 provided the pipe meets or exceeds the requirements
of the listed pipes for materials, wall thickness, and joint water tightness. Pipe having a wall
thickness different from the listed pipes may be used provided the calculated long term deflection
for the designed fill height and installation conditions does not exceed 5 percent.

**

Polyvinyl chloride pipe, PVC 1120 or PVC 1220, conforming to ASTM D1785 or ASTM D2241.

*** Polyethylene, Type III, Class C, Category 4 or 5 conforming to ASTM D1248 and D3350 and
AASHTO M252 or M294, Type S pipe; PVC, ASTM F949.
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Table 4. Minimum Gages - Corrugated Metal Pipe and Smooth Steel Pipe
(2 2/3 in. x 1/2 in. corrugations and 1 1/2 in. x 1/4 in. corrugations)*
Steel (CMP)
Minimum Gage
Pipe Diameter (in.)
Total Height 6
Over Pipe
thru
(ft.)
24 30 36 42 48

Aluminum (CMP)**
Minimum Thickness (in.)
Pipe Diameter (in.)
6
thru
21
24
30
36

Smooth Steel
Minimum Thickness (in.)
Pipe Diameter (in.)
4
21
34
thru
thru
thru
21
34
48

1 - 14

16 16 14 12 10

0.06

0.06

0.075

0.075

0.125
(1/8)

0.188
(3/16)

0.250
(1/4)

15 - 19

16 16 14 12 10

0.06

0.075

0.105

0.105

0.188
(3/16)

0.250
(1/4)

0.250
(1/4)

20 - 25****

16 14 12 10 10

0.06

0.105

0.135

***

0.250
(1/4)
Pipe with 6, 8, and 10-inch diameter has 1 1/2 in. x 1/4 in. corrugations.
Riveted or helical fabrication
Not permitted
Steel pipe having fill heights exceeding 25 ft. shall be individually designed.

0.312
(5/16)

0.375
(3/8)

*
**
***
****

Table 5. Recommended Number of Anti-Seep Collars
Total
1/
Fill Height
0 - 5.9
6 - 10.9
11 - 13.9
14 - 16.9
17 - 19.9
20 - 22.9
23 - 25.9
26 - 28.9
29 - 30.9
31 - 33.9
34 - 35
1

Collar Projection
1.5 ft. 2/

Collar Projection
2.0 ft. 2/

1
2
3
4
4
5
5
6
6
7
7

1
2
2
3
3
4
4
4
5
5
6

Collar Projection
2.0 ft. 3/
1
2
3
3
4
4
5
5
6
6
7

/ Fill height is the fill over the invert of the pipe at centerline of dam. (This table should not be

2/
3/

used for hooded inlet and similar types of installations.)
Collars computed for side slopes of 2 1/2:1.
Collars computed for side slopes of 3:1.
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Table 6. Minimum Hydrologic Criteria for Design of Class I Through V Dams

Job Class1/

Principal Spillway
or Detention Storage
Storm (24 hour)
years
0.5 4/
1 4/
2
5
10
10

I
I
II
III 5/
IV 5/
V

Auxiliary Spillway
Design Storm
(24 hour)

Freeboard 7/

years 2/

years 3/

ft.

10
25
25
50
50
50

50
50
50
50
50
50

1
1
1
1
1
6/

1/ See Alabama Engineering Job Approval classification Chart NEM Part 501, Subpart A - Review and Approval.
2/ When effective height and storage is less than 20 ft. and 50 acre-ft. respectively.
3/ When effective height or storage is equal to or more than 20 ft. or 50 acre-ft. respectively.
4/ Crest elevation of the auxiliary spillway is a minimum of 1 foot above permanent pool elevation except (a) may be 0.5 for less than 15
acre D.A., and (b) excavated ponds with spring flow or for water level control. All other Class I ponds use 1-year storm (use 0.5-year
storm only on pond with D.A. less than 15 acres).
5/ Where drainage area is less than 20 acres and storage is less than 50 acre-ft., auxiliary spillway design storm may be reduced to 25-year
frequency.
6/ Routed freeboard hydrograph for Class "a" dam shall be minimum 2 ft. above auxiliary spillway crest.
7/ Prevailing wind freeboard for fetch length shall be: 660 ft. or less, 1.0 ft.; 660 to 1320 ft., 1.5 ft.; and 1320 to 5280 ft., 2 feet. The
increases in freeboard meet the requirements of Alabama NRCS Conservation Practice Standard‚ Commercial Fish Ponds - Code 397
(Table 1).

Table 7. Certification Requirements for New Materials
Type
Ductile Iron
Steel Pipe

Reference Specification
ANSI/AWWA C151/A21.51, ANSI/AWWA C115/A21.15
ASTM A53

Corrugated Steel Pipe
ASTM A760, 762, 885
Corrugated Aluminum PipeASTM B745, 790
Reinforced Concrete

AWWA C300, C301, C302, or ASTM C76 Class II

PVC pipe (1120 or 1220)
Polyethylene pipe

ASTM D1785 or ASTM D2241
ASTM D1248, 3350
ASSHTO M252, 294
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INFILTRATION TRENCH
PLANNING, DESIGN, AND
INSTALLATION

Bryan Hartsook
Wisconsin Department of Natural Resources

OVERVIEW
•Definition, Purpose, and Applicability
•Advantages and Disadvantages
•Design Standards
•Performance
•Planning and Site Design
•Installation
•Maintenance
•Problems and Solutions

DEFINITION
•Post-construction storm water BMP for the purposes of providing
temporary storage and infiltration of storm water runoff into the
subsurface soils
•An excavation 2 – 10 feet deep typically longer than it is wide,
lined with geotextile fabric, and backfilled with stone aggregate
•Can be exposed or located beneath grass swales
•Primary outlet provided by exfiltration through native soils
•Other components include:
•Observation well
•Sand layers
•Overflow

DEFINITION
Question:
Could a storm water infiltration trench also be considered an
“injection well?”
Class V Injection Well:
Answer:
Yes.

A well is defined by USEPA in 40 CFR
§144.3 as a bored, drilled or driven
shaft, or a dug hole, whose depth is

greater than the largest surface
dimension. The federal UIC

regulations also specifically define Class
V injection wells to include “drainage
wells used to drain surface fluid,
primarily storm runoff, into a subsurface
formation” (40 CFR 146.5(e)(4)).

DEFINTIION
•Owner or operator must notify the
State of Wisconsin by completing the
Injection Well Inventory Form
•Submit to DNR’s Bureau of Drinking
Water and Groundwater
•Form must be completed prior to
construction
•Operate well in a manner that does
not endanger the quality of the
groundwater system
KEEP HAZARDOUS SUBSTANCES AWAY

More Information:
http://dnr.wi.gov/org/water/dwg/UIW/classification.htm
http://www.epa.gov/safewater/uic/class5/index.html

PURPOSE
•Enhance stormwater infiltration to
recharge groundwater
•Reduce discharge of stormwater
pollutants to surface and ground waters
•Decrease runoff peak flow rates and
volumes
•Preserve stream base flow
•Reduce runoff temperature
3 NR 151 Birds with 1 Stone:
1. TSS Removal
2. Runoff rate and volume
reduction
3. Infiltration

APPLICABILITY
•Smaller drainage areas where space is limited
•Reach underlying permeable soils
•Projects located in close proximity to cold
water habitat where thermal mitigation is a
primary concern
•More suitable for runoff from cleaner source
areas (rootops and small landscaped areas)
•Sized for small to moderate storms
•Urban retrofitting projects

Water Classification Codes

FACT:
Waukesha County
contains over 72
stream miles that
are capable of
supporting a cold
water community!

More Information: http://www.waukeshacounty.gov/page.aspx?SetupMetaId=7928&id=9488

ADVANTAGES
•Very effective for sediment and other particulate
pollutant removal from small drainage areas (less than 2
acres)
•Decreases peak runoff rates and volumes
•Reduce the size and cost of downstream detention
facilities
•Provides excellent thermal mitigation
•Provides groundwater recharge and maintains baseflow
in streams
•Can be installed in limited space
•Can be easily incorporated into the existing landscape
•Can be constructed deep enough to tap into more
permeable soil layers

DISADVANTAGES
•Potential for groundwater contamination
•Not directly suitable for industrial and commercial sites
•High likelihood of failure if not constructed and
maintained properly
•High maintenance, frequent inspections
•Design can be limited by restricting factors: subsoil
type, drainage area characteristics, and separation
distances
•Pretreatment must be provided for drainage areas
with high influent levels of sediments or hydrocarbons
•Runoff water quality must meet NR 151 TSS removal
requirements prior to discharge to trench for industrial
or commercial sites

DESIGN STANDARDS – Site Criteria
•Drainage area slopes must not exceed 20%
•Drainage area less than 5 acres
•Best suited for runoff from “cleaner” sources (no industrial
or commercial runoff without careful consideration and
pretreatment)
•Runoff from rooftops and small landscaped areas can be
routed directly to trench, other areas require pretreatment
•Follow guidelines for “disconnecting impervious areas” to
ensure sheet flow drainage:
•Source area flow length < 75’
•Graded for positive drainage and sheet flow
•Upland area slope should not exceed 8%

DESIGN STANDARDS – Site Criteria
•Measured infiltration rate must
be at least 0.6 in/hr at bottom of
trench
•Refer to Table 2 of WDNR
Technical Standard 1002 for
design static infiltration rates of
different soil textures
•Suggested maximum infiltration
rate of 5.0 in/hr (must meet
percent fines requirements)
•Bottom of trench should be
below the frost line to ensure
operation during winter
conditions

Silt Loam
(i = 0.13 in/hr)

Clay Soils
(i = 0.07 in/hr)

Loamy Sand
(i = 1.63 in/hr)
10% Fines

5’ SEPARATION
DISTANCE

DESIGN STANDARDS - Materials
•Storage Medium - must be a uniform clean washed stone
aggregate
•Observation Well – Must be included for every trench.
One per every 200 linear feet of trench. Pipes must be
anchored and terminated with a removable watertight cap.
•Fabric Lining – must line the entire trench with Type DF
fabric to retain soils at trench walls while allowing water
flow without clogging
•An overflow spillway must be provided to bypass the 100
year event

DESIGN STANDARDS – Dimensions
•Storage volume = Depth x Width x Length x Void Ratio of
Storage Medium
•Bottom area of the trench is the effective infiltration area
•Size to meet NR 151 requirements for maximum drawdown
time of 72 hours

DEPTH

LE

TH
G
N

e = 0.30 – 0.40

WIDTH

DESIGN STANDARDS - Pretreatment
•Must remove total suspended solids at rates required by NR 151
prior to infiltration for applications on industrial and commercial
sites
•Catch Basins, wet detention basins, grass swales, plunge pool to
swale

•Filter strip must be at
least 20’ wide, but may
need to be greater
depending on sheet flow
length from source area

HEALTHY

VEGETATION

SHEET

FLOW

Slope <
8%

TRENCH

•Pretreatment can be
provided by establishing
and maintaining a
vegetative filter strip

PERFORMANCE
EPA Estimated Infiltration Trench
Pollutant Removals
Pollutant

Typical Percent
Removal Rates

Sediment

90%

Total Phosphorous

60%

Total Nitrogen

60%

Metals

90%

Bacteria

90%

Organics

90%

Biochemical Oxygen
Demand

70-80%
Source: Schuler, 1992

•Increased removals can
be achieved by adding a
sand layer to the storage
medium or by overlying
trench with engineered
soil mix

PERFORMANCE

SLamm modeling results

PERFORMANCE

TSS Removal Rate (%)

Infiltration Trench Performance Curve
for Residential Development
100
80
60
40

SLamm modeling results

20
0
0

0.5

1

1.5

2

2.5

Trench Area (% of Drainage Basin)

•Based on a 5 acre – Medium Density Development with Silty Soils
•For 80% TSS removal:

Effective Infiltration Area of Trench = 1,020 sf

PLANNING AND SITE DESIGN
Determine suitability by considering:
•Separation distances
•Drainage area size
•Source areas and pretreatment
options
•Physical constraints of the site

•Soils investigation per WDNR
Technical Standard 1002 to
determine:

•Depth to limiting factor (seasonal
high groundwater table or bedrock)
•Design infiltration rates based on
soil texture
•Soil properties below proposed
bottom of trench to limiting factor
(must meet % fines requirement)

PLANNING AND SITE DESIGN
•Investigate pretreatment options for source areas with heavy
pollutant loads (parking lots, streets, etc.)
•What structures are located down gradient?
•Divide larger drainage areas into subcatchments
•Maintain sheet flow and disperse flow evenly across length of trench
•Greatest dimension of trench parallel to contour
•Identify conveyance flow path for overflow device
•Recommend constructing a winter drawdown outlet if trench is
covered with topsoil and vegetation

INSTALLATION
•Suspend construction when soil
moisture content is high to prevent
soil smearing or clumping
•Bring trench online only when upland
drainage area has reach 90% final
stabilization or full build out
•Avoid compaction by heavy equipment tracking
•Compaction mitigation may be necessary
•Excavation must be clean and shear walls should be roughened to
promote infiltration through trench sidewalls
•Provide enough filter fabric to overlap the top of the trench
•Stone aggregate must be washed and free of fine sediment

INSTALLATION

One lesson learned during the construction
arose when the crushed stone arrived at
the site for installation. The stone was
specified to be “clean washed.” However,
the stone clearly had not been washed and
contained fine sediment that could
decrease the life expectancy of the BMP.
(Stormwater Magazine, July-August 2005: Constructing
an Infiltration Trench Retrofit BMP)

MAINTENANCE
•Remove accumulated sediment from pretreatment device
•Remove accumulated material/debris on surface of trench
immediately
•Do not pile snow directly on top of infiltration trench
•Measure water depth in observation well after rainfall events
0.5 inches or more. Monitor frequently in the first year.
•Repair eroded areas at inflow and outflow structures
•Repair and minimize upstream erosion
•Replace first layer of aggregate and filter fabric if clogging at
the surface (applicable for trenches with sand or topsoil top
layer)
•Total rehabilitation of trench if drawdown time exceeds 72
hours or storage volume is limited to 10% of original capacity
Maintenance Costs: 5 – 20% of capital cost

PROBLEMS AND SOLUTIONS
PROBLEMS

SOLUTIONS

Premature clogging within first foot of
trench

Replace top foot of trench with pea
gravel to collect smaller debris

Soils too tight for infiltration

Excavate soils with low permeability
and replace with amended soil mix

Soils too loose to protect groundwater
system

Amend soils to include more fines.
Determined from textural triangle

Frozen soils during winter period ~
zero infiltration

Construct winter drawdown device to
minimize compaction from standing
water

Premature clogging at native soil
interface

Wash stone aggregate before
placement, minimize upstream
erosion, provide pretreatment, direct
only “cleaner” runoff

Questions?

Your personal contribution to cleaner water
omeowners in many part of the country are catching on to rain gardens – landscaped
areas planted to wild flowers and other native vegetation that soak up rain water, mainly from
the roof of a house or other building. The rain garden fills with a few inches of water after a
storm and the water slowly filters into the ground rather than running off to a storm drain.
Compared to a conventional patch of lawn, a rain garden allows about 30% more water to
soak into the ground.
Why are rain gardens important? As cities and suburbs grow and replace forests and
agricultural land, increased stormwater runoff from impervious surfaces becomes a problem.
Stormwater runoff from developed areas increases flooding; carries pollutants from streets,
parking lots and even lawns into local streams and lakes; and leads to costly municipal
improvements in stormwater treatment structures.
By reducing stormwater runoff, rain gardens can be a valuable part of changing these trends.
While an individual rain garden may seem like a small thing, collectively they produce
substantial neighborhood and community environmental benefits. Rain gardens work for us in
several ways:
Increasing the amount of water that filters into the ground, which
recharges local and regional aquifers;
Helping protect communities from flooding and drainage problems;
Helping protect streams and lakes from pollutants carried by
urban stormwater – lawn fertilizers and pesticides, oil and
other fluids that leak from cars, and numerous
harmful substances that wash off roofs and
paved areas;
Enhancing the beauty of yards and neighborhoods;
Providing valuable habitat for birds, butterflies
and many beneficial insects.
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his section of the manual covers rain garden basics
– where to put the rain garden, how big to make it,
how deep to dig it, and what kind of soils and slope
are best. Following the instructions in this section is
the best way to ensure a successful rain garden
project.
If you already know the size you want your rain
garden to be, then skip ahead to the section about
building the rain garden. However, take time read the
extension of PVC pipe helps direct downspout water
pointers about location, and do find the slope of the An
to this rain garden.
lawn. If the location has a slope more than about
12% it’s best to pick a different location because of the effort it will take to create a level rain
garden.

Home rain gardens can be in one of two places – near the house to catch only roof runoff or farther out on
the lawn to collect water from the lawn and roof. (Figure 1 shows the possible locations on a residential lot.)
To help decide where to put a rain garden, consider these points:

4

·

The rain garden should be at least 10 feet from the house so infiltrating water doesn’t
seep into the foundation.

·

Do not place the rain garden directly over a septic system.

·

It may be tempting to put the rain garden in a part of the yard where water already ponds.
Don’t! The goal of a rain garden is to encourage infiltration, and your yard’s wet patches show
where infiltration is slow.

·

It is better to build the rain garden in full or partial sun, not directly under a big tree.

·

Putting the rain garden in a flatter part of the yard will make digging much easier. For example, a
rain garden 10 feet wide on a 10% slope must be 12 inches deep to be level, unless you import
topsoil or use cut and fill.

6

How big should the rain garden be?
The surface area of the rain garden can be almost any size, but time and cost will always be important
considerations in sizing decisions. Any reasonably sized rain garden will provide some stormwater runoff control.
A typical residential rain garden ranges from 100 to 300 square feet. Rain gardens can be smaller than 100
square feet, but very small gardens have little plant variety. If a rain garden is larger than 300 square feet it takes
a lot more time to dig, is more difficult to make level, and could be hard on your budget.
The size of the rain garden will depend on
• how deep the garden will be,
• what type of soils the garden will be planted in, and
• how much roof and/or lawn will drain to the garden.
This information, along with the sizing factor from the tables on
page 9, will determine the surface area of the rain garden.

Guidelines are not rules…
The sizing guidelines
described in this manual are
based on a goal of controlling
100% of the runoff for the
average rainfall year while
keeping the size of the rain
garden reasonable.
Establishing
a 100% runoff goal helps
compensate for some of the
errors that creep into the
design and construction of
any rain garden.
If you follow the guidelines in
the manual and decide the
calculated surface area is just
too large for your goals, it is
perfectly acceptable to make
the rain garden smaller. The
rain garden can be up to 30%
smaller and still control almost
90% of the annual runoff. On
the other hand, it is fine to
make the rain garden bigger
than the guidelines indicate.

A typical rain garden is between four and eight inches deep. A rain garden more than eight inches deep
might pond water too long, look like a hole in the ground, and present a tripping hazard for somebody
stepping into it. A rain garden much less than four inches deep will need an excessive amount of surface
area to provide enough water storage to infiltrate the larger storms.
No matter what the depth of
the rain garden, the goal is to
keep the garden level. Digging
a very shallow rain garden on a
steep lawn will require bringing
in extra topsoil to bring the
downslope part of the garden
up to the same height as the
up-slope part of the garden. As
the slope gets steeper, it is easier
to dig the rain garden a little
deeper to make it level.
The slope of the lawn should
determine the depth of the rain garden. Find the slope of your lawn by
following these steps. (Figure 3 shows how the stakes and string should look.)
1.

Pound one stake in at the uphill end of your rain garden site and pound the other stake in at the
downhill end. The stakes should be about 15 feet apart.

2.

Tie a string to the bottom of the uphill stake and run the string to the downhill stake.

3.

Using a string level or the carpenter’s level, make the string horizontal and tie the string to the
downhill stake at that height.

4.

Measure the width (in inches) between the two stakes.

5.

Now measure the height (in inches) on the downhill stake between the ground and string.

6.

Divide the height by the width and multiply the result by 100 to find the lawn’s percent slope. If the
slope is more than 12%, it’s best to find another site or talk to a professional landscaper.

Using the slope of the lawn, select the depth of the rain garden from the following options:
• If the slope is less than 4%, it is easiest to build a 3 to 5-inch deep rain garden.
• If the slope is between 5 and 7%, it is easiest to build one 6 to 7 inches deep.
• If the slope is between 8 and 12%, it is easiest to build one about 8 inches deep.
Todd measures the length of the string between the stakes; it is 180 inches long. The height
is 9 inches. He divides the height by the width to find his lawn’s percent slope.
With a 5% slope, Todd should build a 6 inch deep rain garden.
height
x 100 =% slope
width
9 inches
x 100 =5% slope
180 inches
downhill
stake
height
the string must be level uphill

After choosing a rain garden depth, identify the lawn’s soil type as sandy, silty, or clayey. Sandy soils have
the fastest infiltration; clayey soils have the slowest. Since clayey soils take longer to absorb water, rain
gardens in clayey soil must be bigger than rain gardens in sandy or silty soil. If the soil feels very gritty and
coarse, you probably have sandy soil. If your soil is smooth but not sticky, you have silty soil. If it is very
sticky and clumpy, you probably have clayey soil.

The next step in choosing your rain garden size is to find the area that will drain to the rain garden. As the
size of the drainage area increases so should the size of the rain garden. There is some guesswork in determining the size of a drainage area, especially if a large part of the lawn is up-slope from the proposed garden site.
Use the suggestions below to estimate the drainage area without spending a lot of time.

If the rain garden
is far from the
house, and you
don’t want a
swale
or downspout
cutting across the
lawn, run a PVC
pipe underground
from the
downspout
to the rain
garden. In this
case do
calculations
as for a rain
garden less than
30 feet from the
house.

1. In this case, where the rain garden is close to the house, almost all water will come
from the roof downspout. Walk around the house and estimate what percent of the roof
feeds to that downspout. Many houses have four downspouts, each taking about 25%
of the roof’s runoff.
2. Next find your home’s footprint, the area of the first floor. If you don’t already know it,
use a tape measure to find your house’s length and width. Multiply the two together to
find the approximate area of your roof.
3. Finally, multiply the roof area by the percent of the roof that feeds to the rain garden
downspout. This is the roof drainage area.

1. If there is a significant area of lawn uphill that will also drain to the rain garden, add
this lawn area to the roof drainage area. First find the roof drainage area using the steps
above for a rain garden less than 30’ from the downspout.
2. Next find the area of the lawn that will drain to the rain garden. Stand where your rain
garden will be and look up toward the house. Identify the part of the lawn sloping into
the rain garden.
3. Measure the length and width of the uphill lawn, and multiply them to find the lawn area.
4. Add the lawn area to the roof drainage area to find the total drainage area.

Choose a size that is best
for your yard

Runoff flows into a new rain garden (shown before plants are fully grown).

Before building the rain garden, think about how it will catch
water. Runoff will flow out of a downspout and should spread
evenly across the entire length of the rain garden. The rain
garden must be as level as possible so water doesn’t pool at
one end and spill over before it has a chance to infiltrate.

Remember that these are only
guidelines. The size of the
rain garden also depends on
how much money you want to
spend, how much room you
have in your yard, and how
much runoff you want to
control.
Again, you can reduce
the size of your rain garden
by as much as 30% and still
control almost 90% of the
runoff. If the sizing table
suggests
that the rain garden be
200 square feet, but there is
only enough room for a 140
square feet rain garden,
that’s fine. A smaller rain
garden
will usually work to control
most stormwater runoff,
although some bigger storms
might over-top the berm.

The longer side of the rain garden should face upslope; that is, the length of the rain garden should be
perpendicular to the slope and the downspout. This way the garden catches as much water as possible.
However, the rain garden should still be wide enough for the water to spread evenly over the whole bottom
and to provide the space to plant a variety of plants. A good rule of thumb is that the rain garden should be
about twice as long (perpendicular to the slope) as it is wide.
When choosing the width of the garden, think about the slope of the lawn. Wide rain gardens and rain
gardens on steep slopes will need to be dug very deep at one end in order to be level. If the rain garden is
too wide, it may be necessary to bring in additional soil to fill up the downhill half. Experience shows that
making a rain garden about 10 feet wide is a good compromise between the effect of slope and how deep
the rain garden should be. A rain garden should have a maximum width of about 15 feet, especially for
lawns with more than about an 8 percent slope.
To determine the length of the rain garden:
1. Pick the best rain garden width for your lawn and landscaping.
2. Divide the size of your rain garden by the width to find your rain garden’s length.

The perimeter of a rain garden is defined with string before digging.

While digging the rain garden to the correct depth, heap the soil around the edge where the berm
will be. (The berm is a low “wall” around three sides of the rain garden that holds the water in
during a storm.) On a steeper lawn the lower part of the rain garden can be filled in with soil from
the uphill half, and extra soil might need to be brought in for the berm.
Start by laying string around the perimeter of your rain garden. Remember that the berm will go
outside the string. Next, put stakes along the uphill and downhill sides, lining them up so that each
uphill stake has a stake directly downhill. Place one stake every 5 feet along the length of the rain
garden.
Start at one end of the rain garden and tie a string to the uphill stake at ground level.
Tie it to the stake directly downhill so that the string is level. Work in 5-feet wide sections, with
only one string at a time. Otherwise the strings will become an obstacle.
Start digging at the uphill side of the string. Measure down from the string and dig until you reach
the depth you want the rain garden to be. If the rain garden will be four inches deep, then dig four
inches down from the string. Figure 4 shows how.
If the lawn is almost flat, you will be digging at the same depth throughout the rain garden and
using the soil for the berm. If the lawn is steeper, the high end of the rain garden will need to be
dug out noticeably more than the low end, and some of the soil from the upper end can be used in
lower end to make the rain garden level. Continue digging and filling one section at a time across
the length of your rain garden until it is as level as possible.
In any garden compost will help the plants become established and now is the time to mix in
compost if needed. Using a roto-tiller can make mixing much easier, but isn’t necessary. If you do
add compost, dig the rain garden a bit deeper. To add two inches of compost, dig the rain garden
one to two inches deeper than planned.

Making the Berm
Water flowing intro the rain garden will naturally try to run off
the downhill edge. A berm is needed to keep the water in the
garden. The berm is a “wall” across the
bottom and up the sides of the rain garden. The berm will need to be highest at the downhill side. Up the
sides of the rain garden, the berm will become lower and gradually taper off by the time it reaches the top
of the rain garden. Figure 5 shows how the berm should look.
On a flat slope there should be plenty of soil from digging out the rain garden to use for a berm. On a
steeper slope, most of the soil from the uphill part of the rain garden was probably used to fill in the downhill
half, and soil will have to be brought in from somewhere else. After shaping the berm into a smooth
ridge about a foot across, stomp on it. It is very important to have a well-compacted berm, so stomp hard.
The berm should have very gently sloping sides; this helps smoothly integrate the rain garden with the surrounding
lawn and also makes the berm less susceptible to erosion.
To prevent erosion, cover the berm with mulch or plant grass. Use straw or erosion control mat to protect
the berm from erosion while the grass is taking root.
If you don’t want to plant grass or mulch over the outside of the berm, you can also plant dry-tolerant
prairie species. Some potential berm species are prairie dropseed, little bluestem, prairie smoke, blue-eyed
grass, prairie phlox, and shooting star.
Note: If the downspout is a few feet from the entry to the rain garden, make sure the water runs into the
garden by either digging a shallow grass swale or attaching an extension to the downspout.

lanting the rain garden is the fun part! A number of planting
designs and lists of suggested plants are included at the end of this
publication. Use these for ideas, but don’t be afraid to be creative –
there’s no single best way to plant a rain garden. Anyone who has
ever done any gardening will have no problem planting a
rain garden, but a few basic reminders are listed below.
Fire safety

Select plants that have a well established root system. Usually one
or two-year-old plants will have root systems that are beginning to
circle or get matted. (Note: use only nursery-propagated plants; do
not collect plants from the wild).
Make sure to have at least a rough plan for which plants will be
planted where. Lay out the plants as planned one foot apart in a grid
pattern, keeping them in containers if possible until they are actually
planted to prevent drying out before they get in the ground.
Dig each hole twice as wide as the plant plug and deep enough
to keep the crown of the young plant level with the existing grade
(just as it was growing in the cell pack or container). Make sure the
crown is level and then fill the hole and firmly tamp around the
roots to avoid air pockets.
Apply double-shredded mulch evenly over the bed approximately two
inches thick, but avoid burying the crowns of the new transplants.
Mulching is usually not necessary after the second growing season
unless the “mulched look” is desired.
Stick plant labels next to each individual grouping. This will help
identify the young native plants from non-desirable species (weeds)
as you weed the garden.
As a general rule plants need one inch of water per week. Water
immediately after planting and continue to water twice a week
(unless rain does the job) until the plugs are established. You should
not have to water your rain garden once the plants are established.
Plugs can be planted anytime during the growing season as long as
they get adequate water.
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Make sure burning is allowed
in your locale. If so, be sure to
notify the local fire department
and obtain a burn permit if
needed. It’s also wise – not to
mention neighborly – to make
sure the neighbors know that
you’re burning and that all
safety precautions are being
taken. Basic fire precautions
include:
• Make sure there is a
fire-break (non-burnable
area, such as turfgrass)
at least 10-feet
wide surrounding the
area to be burned.
• Never burn on
windy days.
• Never leave an
actively burning fire
unattended.
• Keep a garden hose
handy in case fire strays
where it is not wanted.
Also have a metal leaf
rake in hand to beat
out flames that creep
beyond the burn zone.

Weeding will be needed the first couple of years. Remove by
hand only those plants you are certain are weeds. Try to get out all
the roots of the weedy plants. Weeds may not be a problem in the
second season, depending on the variety and tenacity of weeds
present. In the third year and beyond, the native grasses, sedges,
rushes, and wildflowers will begin to mature and will out-compete
the weeds. Weeding isolated patches might still be needed on
occasion.
After each growing season, the stems and seedheads can be left
for winter interest, wildlife cover and bird food. Once spring
arrives and new growth is 4-6-inches tall, cut all tattered plants
back. If the growth is really thick, hand-cut the largest plants and
then use a string trimmer to mow the planting back to a height of six
to eight inches. Dead plant material can also be removed with a
string trimmer or weed whacker (scythe) and composted or
disposed of as appropriate.
The best way to knock back weeds and stimulate native plant
growth is to burn off the dead plant material in the rain garden.
However, burning is banned in most municipalities. Another option
is to mow the dead plant material. If the mowing deck of your lawn
mower can be raised to a height of six inches or so, go ahead and
simply mow your rain garden. Then, rake up and compost or
properly dispose of the dead plant material.
If the mower deck won’t raise that high, use a string trimmer or
weed-eater to cut the stems at a height of 6-8 inches. On thicker
stems, such as cup plant, goldenrods and some asters, a string
trimmer may not be strong enough. For these, use hand clippers or
pruning shears to cut the individual stems.

The following three designs and plant
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Catch basins, also known as
storm drain inlets and curb
inlets, are inlets to the storm
drain system. They typically
include a grate or curb inlet
and a sump to capture
sediment, debris, and
pollutants. Catch basins are
used in combined sewer
overflow (CSO) watersheds to
capture floatables and settle
some solids, and they act as
pretreatment for other
treatment practices by
capturing large sediments.
The effectiveness of catch basins, their ability to remove sediments and other
pollutants, depends on its design (e.g., the size of the sump) and on
maintenance procedures to regularly remove accumulated sediments from its
sump.
Inserts designed to remove oil and grease, trash, debris, and sediment can
improve the efficiency of catch basins. Some inserts are designed to drop directly
into existing catch basins, while others may require retrofit construction.
Applicability
Though they are used in drainage systems throughout the United States, many
catch basins are not ideally designed for sediment and pollutant capture. Catch
basins are ideally used as pretreatment to another stormwater management
practice. Retrofitting existing catch basins may substantially improve their
performance. A simple retrofit option is to ensure that all catch basins have a
hooded outlet to prevent floatable materials, such as trash and debris, from
entering the storm drain system. Catch basin inserts for both new development
and retrofits at existing sites may be preferred when available land is limited, as
in urbanized areas.
Limitations
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Catch basins have three major limitations:
• Even ideally designed catch basins cannot remove pollutants as well as
structural stormwater management practices, such as wet ponds, sand filters,
and stormwater wetlands.
• Unless frequently maintained, catch basins can become a source of pollutants
through resuspension.
• Catch basins cannot effectively remove soluble pollutants or fine particles.
Siting and Design Considerations
The performance of catch basins is related to the volume in the sump (i.e., the
storage in the catch basin below the outlet). Lager et al. (1997) described an
"optimal" catch basin sizing criterion, which relates all catch basin dimensions to
the diameter of the outlet pipe (D):
• The diameter of the catch basin should be equal to 4D.
• The sump depth should be at least 4D. This depth should be increased if
cleaning is infrequent or if the area draining to the catch basin has high
sediment loads.
• The top of the outlet pipe should be 1.5 D from the bottom of the inlet to the
catch basin.
Catch basins can also be sized to accommodate the volume of sediment that
enters the system. Pitt et al.(1997) proposed a sizing criterion based on the
concentration of sediment in stormwater runoff. The catch basin is sized, with a
factor of safety, to accommodate the annual sediment load in the catch basin
sump. This method is preferable where high sediment loads are anticipated, and
where the optimal design described above is suspected to provide little
treatment.
The basic design should also incorporate a hooded outlet to prevent floatable
materials and trash from entering the storm drain system. Adding a screen to the
top of the catch basin would not likely improve the performance of catch basins
for pollutant removal, but it would help capture trash entering the catch basin (Pitt
et al., 1997).
Several varieties of catch basin inserts exist for filtering runoff. There are two
basic catch basin insert varieties. One insert option consists of a series of trays,
with the top tray serving as an initial sediment trap, and the underlying trays
composed of media filters. Another option uses filter fabric to remove pollutants
from stormwater runoff. Yet another option is a plastic box that fits directly into
the catch basin. The box construction is the filtering medium. Hydrocarbons are
removed as the stormwater passes through the box while trash, rubbish, and
sediment remain in the box itself as stormwater exits. These devices have a very
small volume, compared to the volume of the catch basin sump, and would
typically require very frequent sediment removal. Bench test studies found that a
variety of options showed little removal of total suspended solids, partially due to
scouring from relatively small (6-month) storm events (ICBIC, 1995).
One design adaptation of the standard catch basin is to incorporate infiltration
through the catch basin bottom. Two challenges are associated with this design.
The first is potential ground water impacts, and the second is potential clogging,
preventing infiltration. Infiltrating catch basins should not be used in commercial
or industrial areas, because of possible ground water contamination. While it is
difficult to prevent clogging at the bottom of the catch basin, it might be possible
to incorporate some pretreatment into the design.
Maintenance Considerations
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Typical maintenance of catch basins includes trash removal if a screen or other
debris capturing device is used, and removal of sediment using a vactor truck.
Operators need to be properly trained in catch basin maintenance. Maintenance
should include keeping a log of the amount of sediment collected and the date of
removal. Some cities have incorporated the use of GIS systems to track
sediment collection and to optimize future catch basin cleaning efforts.
One study (Pitt, 1985) concluded that catch basins can capture sediments up to
approximately 60 percent of the sump volume. When sediment fills greater than
60 percent of their volume, catch basins reach steady state. Storm flows can
then resuspend sediments trapped in the catch basin, and will bypass treatment.
Frequent clean-out can retain the volume in the catch basin sump available for
treatment of stormwater flows.
At a minimum, catch basins should be cleaned once or twice per year (Aronson
et al., 1993). Two studies suggest that increasing the frequency of maintenance
can improve the performance of catch basins, particularly in industrial or
commercial areas. One study of 60 catch basins in Alameda County, California,
found that increasing the maintenance frequency from once per year to twice per
year could increase the total sediment removed by catch basins on an annual
basis (Mineart and Singh, 1994). Annual sediment removed per inlet was 54
pounds for annual cleaning, 70 pounds for semi-annual and quarterly cleaning,
and 160 pounds for monthly cleaning. For catch basins draining industrial uses,
monthly cleaning increased total annual sediment collected to six times the
amount collected by annual cleaning (180 pounds versus 30 pounds). These
results suggest that, at least for industrial uses, more frequent cleaning of catch
basins may improve efficiency. However, the cost of increased operation and
maintenance costs needs to be weighed against the improved pollutant removal.
In some regions, it may be difficult to find environmentally acceptable disposal
methods for collected sediments. The sediments may not always be land-filled,
land-applied, or introduced into the sanitary sewer system due to hazardous
waste, pretreatment, or ground water regulations. This is particularly true when
catch basins drain runoff from hot spot areas.
Effectiveness
What is known about the effectiveness of catch basins is limited to a few studies.
Table 1 outlines the results of some of these studies.
Table 1. Pollutant removal of catch basins (percent).

Study

Pitt et al.,
1997

Notes

-

Only very small
Aronson et al., storms were
1983
monitored in this
study.

Mineart and
Singh, 1994

Annual load
reduction estimated
based on
concentrations and

TSSa CODa BODa TNa TPa

32

-

6010-56 54-88
97

-

-

-

Metals

-

-

-

-

-

-

-

-

http://cfpub.epa.gov/npdes/stormwater/menuofbmps/index.cfm?action=browse

For
Copper:
3-4%
(Annual

5/4/2011

EPA - Stormwater Menu of BMPs

Page 4 of 5

mass of catch basin
sediment.

cleaning)
15%
(Monthly
cleaning)

a

TSS=total suspended solids; COD=chemical oxygen demand; BOD=biological
oxygen demand; TN=total nitrogen; TP=total phosphorus
Cost Considerations
A typical pre-cast catch basin costs between $2,000 and $3,000. The true
pollutant removal cost associated with catch basins, however, is the long-term
maintenance cost. A vactor truck, the most common method of catch basin
cleaning, costs between $125,000 and $150,000. This initial cost may be high for
smaller Phase II communities. However, it may be possible to share a vactor
truck with another community. Typical vactor trucks can store between 10 and 15
cubic yards of material, which is enough storage for three to five catch basins
with the "optimal" design and an 18-inch inflow pipe. Assuming semi-annual
cleaning, and that the vactor truck could be filled and material disposed of twice
in one day, one truck would be sufficient to clean between 750 and 1,000 catch
basins. Another maintenance cost is the staff time needed to operate the truck.
Depending on the regulations within a community, disposal costs of the sediment
captured in catch basins may be significant.
Retrofit catch basin inserts range from as little as $400 for a "drop-in" type to as
much as $10,000 or more for more elaborate designs.
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Minimum Measure: Post-Construction Stormwater Management in New Development and
Redevelopment

Subcategory: Retention/Detention
Description
Dry detention ponds (a.k.a. dry ponds, extended
detention basins, detention ponds, extended detention
ponds) are basins whose outlets have been designed to
detain stormwater runoff for some minimum time (e.g., 24
hours) to allow particles and associated pollutants to
settle. Unlike wet ponds, these facilities do not have a
large permanent pool of water. However, they are often
designed with small pools at the inlet and outlet of the
basin. They can also be used to provide flood control by
including additional flood detention storage.
Applicability

Photo of a dry detention pond
designed to temporarily detain runoff
during storm events.

Dry detention ponds have traditionally been one of the most widely used stormwater best
management practices. In some instances, these ponds may be the most appropriate best
management practice. However, they should not be used as a one size fits all solution. If
pollutant removal efficiency is an important consideration then dry detention ponds may not be
the most appropriate choice. Dry detention ponds require a large amount of space to build
them. In many instances, smaller-sized best management practices are more appropriate
alternatives (see Grassed Swales, Infiltration Basin, Infiltration Trench, Porous Pavement, and
Bioretention (Rain Gardens), Alternative Pavers, or Green Roofs.
Regional Applicability
Dry detention ponds can be applied in all regions of the United States. Some minor design
modifications might be needed, however, in cold or arid climates or in regions with karst (i.e.
limestone) topography.
Ultra-Urban Areas
Ultra-urban areas are densely developed urban areas in which little pervious surface is present.
It is difficult to use dry detention ponds in the ultra-urban environment because of the land area
each pond consumes.
Stormwater Hot Spots
Stormwater hot spots are areas where land use or activities generate highly contaminated
runoff, with concentrations of pollutants in excess of those typically found in stormwater. Dry
detention ponds can accept runoff from stormwater hot spots, but they need significant
separation from ground water if they will be used for this purpose.
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Stormwater Retrofit
A stormwater retrofit is a stormwater management practice (usually structural) put into place
after development has occurred to improve water quality, protect downstream channels, reduce
flooding, or meet other specific objectives. Dry detention ponds are useful stormwater retrofits,
and they have two primary applications as a retrofit design. In many communities in the past,
detention basins have been designed for flood control. It is possible to modify these facilities to
incorporate features that encourage water quality control and/or channel protection. It is also
possible to construct new dry ponds in open areas of a watershed to capture existing drainage.
Cold Water (Trout) Streams
A study in Prince George's County, Maryland, found that stormwater management practices
can increase stream temperatures (Galli, 1990). Overall, dry detention ponds increased
temperature by about 5°F. In cold water streams, dry ponds should be designed to detain
stormwater for a relatively short time (i.e., less than 12 hours) to minimize the amount of
warming that occurs in the practice. If the temperature of the water is a factor, then alternative
best management practices may be more appropriate.
Siting and Design Considerations

Example profile view of a dry pond design.

Siting Considerations
Designers need to ensure that the dry detention pond is feasible at the site in question. This
section provides basic guidelines for siting dry detention ponds.
Drainage Area
In general, dry detention ponds should be used on sites with a minimum area of 10 acres. On
smaller sites, it can be challenging to provide channel or water quality control because the
orifice diameter at the outlet needed to control relatively small storms becomes very small and
thus prone to clogging. Low impact development techniques and on-lot treatment controls are
recommended for smaller sites.
Slope
Dry detention ponds can be used on sites with slopes up to about 15 percent. The local slope
needs to be relatively flat, however, to maintain reasonably flat side slopes in the practice.
There is no minimum slope requirement, but there does need to be enough elevation drop from
the pond inlet to the pond outlet to ensure that flow can move through the system.
Soils / Topography
Dry detention ponds can be used with almost all soils and geology, with minor design
adjustments for regions of karst topography or in rapidly percolating soils such as sand. In
these areas, extended detention ponds should be designed with an impermeable liner to
prevent ground water contamination or sinkhole formation.
Ground Water
Except for the case of hot spot runoff, the only consideration regarding ground water is that the
base of the extended detention facility should not intersect the ground water table. A
permanently wet bottom may become a mosquito breeding ground. Research in Southwest
Florida (Santana et al., 1994) demonstrated that intermittently flooded systems, such as dry
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extended detention ponds, produced more mosquitoes than other pond systems, particularly
when the facilities remained wet for more than 3 days following heavy rainfall.
Design Considerations
Specific designs may vary considerably, depending on site constraints or preferences of the
designer or community. Some features, however, should be incorporated into most dry
extended detention pond designs. These design features can be divided into five basic
categories: pretreatment, treatment, conveyance, maintenance reduction, and landscaping.
Pretreatment
Pretreatment incorporates design features that help to settle out coarse sediment particles. By
removing these particles from runoff before they reach the large permanent pool, the
maintenance burden of the pond is reduced. In ponds, pretreatment is achieved with a
sediment forebay, which is a small pool (typically about 10 percent of the volume of water to be
treated for pollutant removal).
Treatment
Treatment design features help enhance the ability of a stormwater management practice to
remove pollutants. Designing dry ponds with a high length-to-width ratio (i.e., at least 1.5:1) and
incorporating other design features to maximize the flow path effectively increases the
detention time in the system by eliminating the potential of flow to short-circuit the pond.
Designing ponds with relatively flat side slopes can also help to lengthen the effective flow path.
Finally, the pond should be sized to detain the volume of runoff to be treated for between 12
and 48 hours.
Conveyance
Conveyance of stormwater runoff into and through the dry pond is a critical component.
Stormwater should be conveyed to and from dry ponds safely in a manner that minimizes
erosion potential. The outfall of pond systems should always be stabilized to prevent scour. To
convey low flows through the system, designers should provide a pilot channel. A pilot channel
is a surface channel that should be used to convey low flows through the pond. In addition, an
emergency spillway should be provided to safely convey large flood events. To help mitigate
the warming of water at the outlet channel, designers should provide shade around the channel
at the pond outlet.
Maintenance Reduction
Regular maintenance activities are needed to maintain the function of stormwater practices. In
addition, some design features can be incorporated to ease the maintenance burden of each
practice. In dry detention ponds, a "micropool" at the outlet can prevent resuspension of
sediment and outlet clogging. A good design includes maintenance access to the forebay and
micropool.
Another design feature that can reduce maintenance needs is a non-clogging outlet. Typical
examples include a reverse-slope pipe or a weir outlet with a trash rack. A reverse slope pipe
draws from below the permanent pool extending in a reverse angle up to the riser and
determines the water elevation of the micropool. Because these outlets draw water from below
the level of the permanent pool, they are less likely to be clogged by floating debris.
Landscaping
Designers should maintain a vegetated buffer around the pond and should select plants within
the extended detention zone (i.e., the portion of the pond up to the elevation where stormwater
is detained) that can withstand both wet and dry periods. The side slopes of dry ponds should
be relatively flat to reduce safety risks.
Design Variations
Tank Storage
Another variation of the dry detention pond design is the use of tank storage. In these designs,
stormwater runoff is conveyed to large storage tanks or vaults underground. This practice is
most often used in the ultra-urban environment on small sites where no other opportunity is
available to provide flood control. Tank storage is provided on small areas because
underground storage for a large drainage area would generally be costly. Because the drainage
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area contributing to tank storage is typically small, the outlet diameter needed to reduce the
flow from very small storms would very small. A very small outlet diameter, along with the
underground location of the tanks, creates the potential for debris being caught in the outlet and
resulting maintenance problems. Since it is necessary to control small runoff events (such as
the runoff from a 1-inch storm) to improve water quality, it is generally infeasible to use tank
storage for water quality and generally impractical to use it to protect stream channels.
Regional Variations
Arid or Semi-Arid Climates
In arid and semi-arid regions, some modifications might be needed to conserve scarce water
resources. Any landscaping plans should prescribe drought-tolerant vegetation wherever
possible. In addition, the wet forebay can be replaced with an alternative dry pretreatment, such
as a detention cell. In regions with a distinct wet and dry season, as in many arid regions,
regional detention ponds can possibly be used as a recreation area such as a ball field during
the dry season.
Cold Climates
In cold climates, some additional design features can help to treat the spring snowmelt. One
such modification is to increase the volume available for detention to help treat this relatively
large runoff event. In some cases, dry facilities may be an option as a snow storage facility to
promote some treatment of plowed snow. If a pond is used to treat road runoff or is used for
snow storage, landscaping should incorporate salt-tolerant species. Finally, sediment might
need to be removed from the forebay more frequently than in warmer climates (see
Maintenance Considerations for guidelines) to account for sediment deposited as a result of
road sanding.
Limitations
Although dry detention ponds are widely applicable, they have some limitations that might
make other stormwater management options preferable:
• Dry detention ponds have only moderate pollutant removal when compared to other
structural stormwater practices, and they are ineffective at removing soluble pollutants (See
Effectiveness).
• Dry extended detention ponds may become a nuisance due to mosquito breeding if
improperly maintained or if shallow pools of water form for more than 7 days.
• Although wet ponds can increase property values, dry ponds can actually detract from the
value of a home (see Cost Considerations).
Dry detention ponds on their own only provide peak flow reduction and do little to control overall
runoff volume, which could result in adverse downstream impacts.
Maintenance Considerations
In addition to incorporating features into the pond design to minimize maintenance, some
regular maintenance and inspection practices are needed. Table 1 outlines some of these
practices.
Table 1. Typical maintenance activities for dry ponds (Source: Modified from WMI, 1997)
Activity

• Note erosion of pond banks or bottom

• Inspect for damage to the embankment
• Monitor for sediment accumulation in the facility and
forebay
• Examine to ensure that inlet and outlet devices are
free of debris and operational

Schedule

Semiannual
inspection

Annual
inspection
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Mow side slopes
Manage pesticide and nutrients
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Standard
maintenance

• Seed or sod to restore dead or damaged ground
cover

Annual
maintenance
(as needed)

• Remove sediment from the forebay

5- to 7-year
maintenance

• Monitor sediment accumulations, and remove
sediment when the pond volume has been reduced
by 25 percent

25- to 50-year
maintenance

Effectiveness
Structural management practices can be used to achieve four broad resource protection goals:
flood control, channel protection, ground water recharge, and pollutant removal. Dry detention
basins can provide flood control and channel protection, as well as some pollutant removal.
Flood Control
One objective of stormwater management practices can be to reduce the flood hazard
associated with large storm events by reducing the peak flow associated with these storms. Dry
extended detention basins can easily be designed for flood control, and this is actually the
primary purpose of most detention ponds.
Channel Protection
One result of urbanization is the geomorphic changes that occur in response to modified
hydrology. Traditionally, dry detention basins have provided control of the 2-year storm (i.e., the
storm that occurs, on average, once every 2 years) for channel protection. It appears that this
control has been relatively ineffective, and research suggests that control of a smaller storm
might be more appropriate (MacRae, 1996). Slightly modifying the design of dry detention
basins to reduce the flow of smaller storm events might make them effective tools in reducing
downstream erosion.
Pollutant Removal
Dry detention basins provide moderate pollutant removal, provided that the design features
described in the Siting and Design Considerations section are incorporated. Although they can
be effective at removing some pollutants through settling, they are less effective at removing
soluble pollutants because of the absence of a permanent pool. A few studies are available on
the effectiveness of dry detention ponds. Typical removal rates, as reported by Schueler
(1997), are as follows:
Total suspended solids: 61%
Total phosphorus: 19%
Total nitrogen: 31%
Nitrate nitrogen: 9%
Metals: 26%-54%
There is considerable variability in the effectiveness of ponds, and it is believed that properly
designing and maintaining ponds may help to improve their performance. The siting and design
criteria presented in this sheet reflect the best current information and experience to improve
the performance of wet ponds. A joint project of the American Society of Civil Engineers
(ASCE) and the USEPA Office of Water might help to isolate specific design features that can
improve performance. The National Stormwater Best Management Practice (BMP) database is
a compilation of stormwater practices that includes both design information and performance
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data for various practices. As the database expands, inferences about the extent to which
specific design criteria influence pollutant removal may be made. For more information on this
database, access the BMP database
.
Cost Considerations
The construction costs associated with dry detention ponds range considerably. One recent
study evaluated the cost of all pond systems (Brown and Schueler, 1997). Adjusting for
inflation, the cost of dry extended detention ponds can be estimated with the equation
C = 12.4V0.760
where:
C = Construction, design, and permitting cost, and
V = Volume needed to control the 10-year storm (ft3).
Using this equation, typical construction costs are
$ 41,600 for a 1 acre-foot pond
$ 239,000 for a 10 acre-foot pond
$ 1,380,000 for a 100 acre-foot pond
Interestingly, these costs are generally slightly higher than the cost of wet ponds on a cost per
total volume basis. Dry detention ponds are generally less expensive on a given site, because
they are usually smaller than a wet pond design.
Ponds do not consume a large area compared to the total area treated (typically 2 to 3 percent
of the contributing drainage area). It is important to note, however, that each pond is generally
large. Other practices, such as filters or swales, may be "squeezed in" on relatively unusable
land, but ponds need a relatively large continuous area.
For ponds, the annual cost of routine maintenance is typically estimated at about 3 to 5 percent
of the construction cost. Alternatively, a community can estimate the cost of the maintenance
activities outlined in the maintenance section. Finally, ponds are long-lived facilities (typically
longer than 20 years). Thus, the initial investment into pond systems can be spread over a
relatively long time period.
Another economic concern associated with dry ponds is that they might detract slightly from the
value of adjacent properties. One study found that dry ponds can actually detract from the
perceived value of homes adjacent to a dry pond by between 3 and 10 percent (EmmerlingDinovo, 1995).
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In the context of BMPS to
improve water quality, the
term swale (a.k.a. grassed
channel, dry swale, wet
swale, biofilter, or bioswale)
refers to a vegetated, openchannel management
practices designed
specifically to treat and
attenuate stormwater runoff
for a specified water quality
volume. As stormwater
runoff flows along these
channels, it is treated
through vegetation slowing
the water to allow
sedimentation, filtering through a subsoil matrix, and/or infiltration into the
underlying soils. Variations of the grassed swale include the grassed channel,
dry swale, and wet swale. The specific design features and methods of treatment
differ in each of these designs, but all are improvements on the traditional
drainage ditch. These designs incorporate modified geometry and other features
for use of the swale as a treatment and conveyance practice.
Applicability
Grassed swales can be applied in most situations with some restrictions. Swales
are well suited for treating highway or residential road runoff because they are
linear practices. Swales are also useful as one of a series of stormwater BMPs or
as part of a treatment train, for instance, conveying water to a detention pond
and receiving water from filter strips. Furthermore, swales are highly
recommended by the proponents of design approaches such as Low Impact
Development and Better Site Design (Low Impact Development (LID) and Other
Green Designs fact sheet).
Regional Applicability
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Grassed swales can be applied in most regions of the United States. In arid and
semi-arid climates, however, the value of these practices needs to be weighed
against the water needed to irrigate them.
Ultra-Urban Areas
Ultra-urban areas are densely developed urban areas with little pervious surface.
Grass swales may not be well suited to ultra-urban areas because they require a
relatively large area of pervious surfaces.
Stormwater Hot Spots
Stormwater hot spots are areas where land use or activities generate highly
contaminated runoff, with concentrations of pollutants exceeding those typically
found in stormwater. A typical example is a gas station or convenience store.
With the exception of the dry swale design (see Design Variations), hot spot
runoff should not be directed toward grassed channels. These practices either
infiltrate stormwater or intersect the ground water, making use of the practices for
hot spot runoff a threat to ground water quality.
Stormwater Retrofit
A stormwater retrofit is a stormwater management practice (usually structural)
put into place after development has occurred to improve water quality, protect
downstream channels, reduce flooding, or meet other specific objectives such as
reducing loadings to comply with a TMDL waste load allocation. One retrofit
opportunity using grassed swales modifies existing drainage ditches. Ditches
have traditionally been designed only to convey stormwater. In some cases, it
may be possible to incorporate features to enhance pollutant removal or
infiltration such as check dams (i.e., small dams along the ditch that trap
sediment, slow runoff, and reduce the effective longitudinal slope). Since grassed
swales cannot treat a large area, using this practice to retrofit an entire
watershed would be expensive because of the number of practices needed to
manage runoff from a significant amount of the watershed's land area.
Cold Water (Trout) Streams
Grassed channels are a good treatment option within watersheds that drain to
cold water streams. These practices do not pond water for a long period and
often induce infiltration. As a result, standing water will not typically be subjected
to solar warming.
Siting and Design Considerations
In addition to the broad applicability concerns described above, designers need
to consider site conditions. In addition, they need to incorporate design features
to improve the longevity and performance of the practice while minimizing the
maintenance burden.
Siting Considerations
In addition to considering the restrictions and adaptations of grassed swales to
different regions and land uses, designers need to ensure that this management
practice is feasible at the site in question because some site conditions (i.e.,
steep slopes, highly impermeable soils) might restrict the effectiveness of
grassed channels.
Drainage Area
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Grassed swales should generally treat runoff from small drainage areas ( less
than 5 acres). If used to treat larger areas, the flows through the swale become
too large to produce designs to treat stormwater runoff in addition to conveyance.
Slope
Grassed swales should be used on sites with relatively flat slopes of less than 4
percent slope; 1 to 2 percent slope is recommended. When site conditions
require installing the swales in areas with larger slopes, check dams can be used
to reduce the influence of the slope. Runoff velocities within the channel become
too high on steeper slopes. This can cause erosion and does not allow for
infiltration or filtering in the swale.
Soils / Topography
Grassed swales can be used on most soils, with some restrictions on the most
impermeable soils. In the dry swale (see Design Variations) a fabricated soil bed
replaces on-site soils in order to ensure that runoff is filtered as it travels through
the soils of the swale.
Ground Water
The required depth to ground water depends on the type of swale used. In the
dry swale and grassed channel options, the bottom of the swale should be
constructed at least 2 ft above the ground water table to prevent a moist swale
bottom or contamination of the ground water. In the wet swale option, treatment
is provided by creating a standing or slow flowing wet pool, which is maintained
by intersecting the ground water.
Design Considerations
Although there are different design variations of the grassed swale (see Design
Variations), there are some design considerations common to all designs. An
overriding similarity is the cross-sectional geometry. Swales often have a
trapezoidal or parabolic cross section with relatively flat side slopes (flatter than
3:1), though rectangular and triangular channels can also be used. Designing the
channel with flat side slopes increases the wetted perimeter. The wetted
perimeter is the length along the edge of the swale cross section where runoff
flowing through the swale contacts the vegetated sides and bottom. Increasing
the wetted perimeter slows runoff velocities and provides more contact with
vegetation to encourage sorption, filtering, and infiltration. Another advantage to
flat side slopes is that runoff entering the grassed swale from the side receives
some pretreatment along the side slope.
Another similarity among designs is the type of pretreatment needed. In all
design options, a small forebay should be used at the front of the swale to trap
incoming sediments. A pea gravel diaphragm, a small trench filled with river-run
gravel, should be constructed along the length of the swale and used as
pretreatment for runoff entering the sides of the swale. Other features designed
to enhance the performance of grassed swales are a flat longitudinal slope
(generally between 1 percent and 2 percent) and a dense vegetative cover in the
channel. The flat slope helps to reduce the flow velocity within the channel. The
dense vegetation also helps reduce velocities, protects the channel from erosion,
and acts as a filter to treat stormwater runoff. During construction, it is important
to stabilize the channel while the vegetation is becoming established, either with
a temporary grass cover or with natural or synthetic erosion control products. In
addition to treating runoff for water quality, grassed swales must convey runoff
from larger storms safely. Typical designs allow the runoff from the 2-year storm
(i.e., the storm that occurs, on average, once every two years) to flow through
the swale without causing erosion. Swales should also have the capacity to pass
larger storms (typically a 10-year storm) safely.
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Design Variations
The following discussion identifies three different variations of open channel
practices, including the grassed channel, the dry swale, and wet swale.
Grassed Channel
Of the three grassed swale designs, grassed channels are the most similar to a
conventional drainage ditch, with the major differences being flatter side slopes
and longitudinal slopes, and a slower design velocity for water quality treatment
of small storm events. Of all of the options, grassed channels are the least
expensive but also provide the least reliable pollutant removal. An excellent
application of a grassed channel is as pretreatment to other structural stormwater
practices. A major difference between the grassed channel and many other
structural practices is the method used to size the practice. Most stormwater
management water quality practices are sized by volume. This method sets the
volume available in the practice equal to the water quality volume, or the volume
of water to be treated in the practice. The grassed channel, is a flow-rate-based
design. Based on the peak flow from the water quality storm (this varies
regionally, but a typical value is the 1-inch/ 24-hr storm), the channel should be
designed so that runoff takes, on average, 10 minutes to flow from the top to the
bottom of the channel. A procedure for this design can be found in Design of
Stormwater Filtering Systems (CWP, 1996).
Dry Swales
Dry swales are similar in design to bioretention areas (see Bioretention (Rain
Gardens) fact sheet). These designs incorporate a fabricated soil bed into their
design. The native soil is replaced with a sand/soil mix that meets minimum
permeability requirements. An underdrain system is installed at the bottom of the
soil bed. This underdrain is a gravel layer that encases a perforated pipe.
Stormwater treated in the soil bed flows into the underdrain, which routes this
treated stormwater to the storm drain system or receiving waters. Dry swales are
a relatively new design, but studies of swales with a native soil similar to the man
-made soil bed of dry swales suggest high pollutant removal.
Wet Swales
Wet swales intersect the ground water and behave similarly to a linear wetland
cell (see Stormwater Wetland fact sheet). This design variation incorporates a
shallow permanent pool and wetland vegetation to provide stormwater treatment.
This design also has potentially high pollutant removal. Wet swales are not
commonly used in residential or commercial settings because the shallow
standing water may be a potential mosquito breeding area.
Regional Variations
In cold or snowy climates, swales may serve a dual purpose by acting as both a
snow storage/treatment and a stormwater management practice. This dual
purpose is particularly relevant when swales are used to treat road runoff. If used
for this purpose, swales should incorporate salt-tolerant vegetation, such as
creeping bentgrass.
Arid Climates
In arid or semi-arid climates, swales should be designed with drought-tolerant
vegetation, such as buffalo grass. As pointed out in the Applicability section, the
value of vegetated practices for water quality needs to be balanced against the
cost of water needed to maintain them in arid and semi-arid regions.
Limitations
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Grassed swales have some limitations, including the following:
• Grassed swales cannot treat a very large drainage area.
• Wet swales may become a nuisance due to mosquito breeding.
• If designed improperly (e.g., if proper slope is not achieved), grassed channels
will have very little pollutant removal.
Maintenance Considerations
Maintenance of grassed swales mostly involves litter control and maintening the
grass or wetland plant cover. Typical maintenance activities are included in Table
1.
Table 1. Typical maintenance activities for grassed swales (Source: Adapted
from CWP, 1996)
Activity

Schedule

• Inspect pea gravel diaphragm for clogging and
correct the problem.
• Inspect grass along side slopes for erosion and
formation of rills or gullies and correct.
• Remove trash and debris accumulated in the inflow
Annual
forebay.
(semi-annual
the
• Inspect and correct erosion problems in the sand/soil
first
year)
bed of dry swales.
• Based on inspection, plant an alternative grass
species if the original grass cover has not been
successfully established.
• Replant wetland species (for wet swale) if not
sufficiently established.
• Rototill or cultivate the surface of the sand/soil bed of
dry swales if the swale does not draw down within 48
hours.
• Remove sediment build-up within the bottom of the
swale once it has accumulated to 25 percent of the
original design volume.

As needed
(infrequent)

• Mow grass to maintain a height of 3–4 inches

As needed
(frequent
seasonally)

Effectiveness
Structural stormwater management practices can be used to achieve four broad
resource protection goals. These include flood control, channel protection,
ground water recharge, and pollutant removal. Grassed swales can be used to
meet ground water recharge and pollutant removal goals.
Ground Water Recharge
Grassed channels and dry swales can provide some ground water recharge as
infiltration is achieved within the practice. Wet swales, however, generally make
little, if any, contributions to ground water recharge. Infiltration is impeded by the
accumulation of debris on the bottom of the swale.
Pollutant Removal
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Few studies are available regarding the effectiveness of grassed channels (Table
2). The data suggest relatively high removal rates for some pollutants, negative
removals for some bacteria, and fair performance for phosphorous. One study of
available performance data (Schueler, 1997) estimates the removal rates for
grassed channels as:
Total Suspended Solids:
Total Phosphorous:
Nitrate Nitrogen:
Metals:
Bacteria:

81%
29%
38%
14% to 55%
-50%

Table 2. Grassed swale pollutant removal efficiency data
Removal Efficiencies (% Removal)

Study

TSS TP TN

NO
Metals Bacteria
3

Goldberg 1993

67.8 4.5

-

31.4 42–62

-100

grassed
channel

Type

Seattle Metro and Washington
Department of Ecology 1992

60

45

-

-25

2–16

-25

grassed
channel

Seattle Metro and Washington
Department of Ecology, 1992

83

29

-

-25 46–73

-25

grassed
channel

Wang et al., 1981

80

-

-

-

70–80

-

dry
swale

Dorman et al., 1989

98

18

-

45

37–81

-

dry
swale

Harper, 1988

87

83

84

80

88–90

-

dry
swale

Kercher et al., 1983

99

99

99

99

99

-

dry
swale

Harper, 1988.

81

17

40

52

37–69

-

wet
swale

Koon, 1995

67

39

-

9

-35 to
6

-

wet
swale
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Occoquan Watershed
Monitoring Lab, 1983

Yousef et al., 1985
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-100

-

100 100

-

-100

-

drainage
channel

13

11

14–29

-

drainage
channel

18.2

-

-100

-

drainage
channel

8
19.5

2

41–90

-

drainage
channel

-

-100 to
33

-

drainage
channel

8

-50 -9.1

-

Occoquan Watershed
Monitoring Lab, 1983

31

-23 36.5

Welborn and Veenhuis, 1987

0

-25 -25 -25

0

-

drainage
channel

Yu et al., 1993

68

60

-

-

74

-

drainage
channel

Dorman et al., 1989

65

41

-

11

14-55

-

drainage
channel

Pitt and McLean, 1986

0

-

0

-

0

0

drainage
channel

Oakland, 1983

33

-25

-

-

20–58

0

drainage
channel

Dorman et al., 1989

-85

12

-

-100 14–88

-

drainage
channel

While it is difficult to distinguish between different designs based on the small
amount of available data, grassed channels generally have poorer removal rates
than wet and dry swales, although wet swales may export soluble phosphorous
(Harper, 1988; Koon, 1995). It is not clear why swales export bacteria. One
explanation is that bacteria thrive in the warm swale soils. Another explanation is
that studies have not accounted for some sources of bacteria, and like any open
BMP, swales likely receive inputs from wildlife. Another possible explanation is
that local residents might walk dogs within the grassed swale area. Signs
identifying swales as a stormwater BMP leading to local receiving waters might
encourage some pet owners to clean up after their pets.
Cost Considerations
Little data are available to estimate the difference in cost between various swale
designs. One study (SWRPC, 1991) estimated the construction cost of grassed
channels at approximately $0.25 per ft2. This price does not include design costs
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or contingencies. Brown and Schueler (1997) estimate these costs at
approximately 32 percent of construction costs for most stormwater management
practices. For swales, however, these costs would probably be significantly
higher since the construction costs are so low compared with other practices. A
more realistic estimate would be a total cost of approximately $0.50 per ft2,
which compares favorably with other stormwater management practices.
Costs to construct swales should be taken in context. With most development
designs, some conveyance structure must be constructed as part of the
development. The construction of grass swales is less expensive than concrete
ditches or sewers. Hence, the use of grass swales is often a less expensive
alternative than traditional design approaches.
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Green parking refers
to several techniques
that applied together
reduce the
contribution of parking
lots to total
impervious cover.
From a stormwater
perspective, green
parking techniques
applied in the right
combination can
dramatically reduce
impervious cover and,
consequently, reduce the amount of stormwater runoff. Green parking lot
techniques include: setting maximums for the number of parking lots created;
minimizing the dimensions of parking lot spaces; utilizing alternative pavers in
overflow parking areas; using bioretention areas to treat stormwater;
encouraging shared parking; and providing economic incentives for structured
parking.
Applicability
All of the green parking techniques can be applied in new developments, and
some can be applied in redevelopment projects, depending on the extent and
parameters of the project. In urban areas, some techniques, like encouraging
shared parking and providing economic incentives for structured parking, can be
practical and necessary. Commercial areas can have excessively high parking
ratios. By applying green parking techniques in various combinations, a site's
impervious cover can be dramatically reduced.
Implementation
Parking lot designs frequently result in far more spaces than are required. This
problem is exacerbated by a common practice of setting parking ratios to
accommodate the highest hourly parking during the peak season. By determining
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average parking demand instead, a lower maximum number of parking spaces
can accommodate most of the demand.
Table 1 provides examples of conventional parking requirements and compares
them to average parking demand.
Table 1: Conventional minimum parking ratios (Source: ITE, 1987; Smith, 1984;
Wells, 1994)
Parking Requirement
Actual Average
Parking Demand

Land Use
Parking Ratio

Typical Range

Single family
homes

2 spaces per
dwelling unit

1.5-2.5

1.11 spaces per
dwelling unit

Shopping center

5 spaces per
1000 ft2 GFA

4.0-6.5

3.97 per 1000 ft2
GFA

3.3 spaces per
1000 ft2 GFA

2.0-10.0

--

1 space per 1000
ft2 GFA

0.5-2.0

1.48 per 1000 ft2
GFA

5.7 spaces per
1000 ft2 GFA

4.5-10.0

4.11 per 1000 ft2
GFA

Convenience
store

Industrial

Medical/ dental
office

GFA = Gross floor area of a building without storage or utility spaces.
Minimizing the dimensions of parking spaces is another green parking lot
technique. Besides reducing the length and width, parking stall dimensions can
be reduced by providing compact- vehicle spaces. While large sport utility
vehicles (SUVs) are often cited as barriers to stall minimization techniques, most
local parking codes require stall widths wider than the widest SUVs (CWP,
1998).
Another effective green parking technique is the use of alternative pavers.
Alternative pavers include gravel, cobbles, wood mulch, brick, grass pavers, turf
blocks, natural stone, pervious concrete, and porous asphalt. In new
developments and redevelopment projects, they can replace conventional
asphalt and concrete. The effectiveness of alternative pavers in meeting
stormwater quality goals can range from medium to relatively high. Alternative
pavers require proper installation, and they generally need more maintenance
that conventional asphalt or concrete. For more specific information on alternate
pavers, refer to the Alternative Pavers fact sheet.
Bioretention areas can effectively treat stormwater leaving a parking lot.
Stormwater is directed into a shallow, landscaped area, where it is temporarily
detained. The runoff then filters down through the bed of the facility, where it is
either infiltrated into the subsurface or collected into an under-drain pipe for
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discharge into a stream or another stormwater facility. Attractively designed bioretention facilities can be integrated into landscaped areas and maintained by
commercial landscaping firms. For detailed design specifications of bioretention
areas, refer to the Bioretention (Rain Gardens) fact sheet.
In mixed use areas, shared and structured parking are green parking techniques
that can reduce the conversion of land to impervious cover. A shared parking
arrangement involves two parties that share one parking lot. For example, an
office that experiences peak demand during weekdays can share their parking lot
with a church that experiences peak demand during weekends and evenings.
Costs may dictate the use of structured parking, but building above or belowground structured parking garages can help minimize surface parking.
Limitations
Limitations to green parking techniques include applicability, cost, and
maintenance. For example, shared parking is practical only in mixed use areas,
and structured parking may be limited by the cost of land versus the cost of
construction. Currently, alternative pavers are recommended only for overflow
parking because of their expensive maintenance costs. Bioretention areas also
increase construction costs.
The pressure to provide an excessive number of parking spaces can result from
the fear of customer complaints, as well as the requirements of bank loans.
These factors can pressure developers into constructing more parking than is
necessary. Together, these barriers inhibit the construction of the greenest
parking lots possible.
Effectiveness
Applied together, green parking techniques can effectively reduce the amount of
impervious cover. They can help to protect local streams, reduce stormwater
management costs, and enhance a site's ascetics. Proper design of bioretention
areas can help meet stormwater management and landscaping requirements
while keeping maintenance costs at a minimum.
Green parking lots can dramatically reduce the creation of new impervious cover.
How much is reduced depends on the combination of techniques used to
achieve the greenest parking lot. While the pollutant removal rates of bioretention
areas have not been directly measured, their capability is considered comparable
to a dry swale, which removes 91 percent of total suspended solids, 67 percent
of total phosphorous, 92 percent of total nitrogen, and 80-90 percent of metals
(Claytor and Schueler, 1996).
North Carolina's Fort Bragg vehicle maintenance facility parking lot is an
excellent example of the benefits of rethinking parking lot design (NRDC, 1999).
The redesign incorporated stormwater management features, such as detention
basins located within grassed islands, and an onsite drainage system that
exploited existing sandy soils. The redesign reduced impervious cover by 40
percent, increased parking by 20 percent, and saved 20 percent or $1.6 million
on construction costs over the original, conventional design.
Cost Considerations
Setting maximums for parking spaces, minimizing stall dimensions, and
encouraging shared parking can result in considerable construction cost savings.
At the same time, implementing green parking techniques can also reduce
stormwater management costs.
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An infiltration trench (a.k.a. infiltration galley) is a rock-filled trench with no outlet
that receives stormwater runoff. Stormwater runoff passes through some
combination of pretreatment measures, such as a swale and detention basin,
and into the trench. There, runoff is stored in the void space between the stones
and infiltrates through the bottom and into the soil matrix. The primary pollutant
removal mechanism of this practice is filtering through the soil.
Applicability
Infiltration trenches have select applications. While they can be applied in most
regions of the country, their use is sharply restricted by concerns due to common
site factors, such as potential ground water contamination, soils, and clogging.
Regional Applicability
Infiltration trenches can be utilized in most regions of the country, with some
design modifications in cold and arid climates. In regions of karst (i.e., limestone)
topography, these stormwater management practices may not be applied due to
concerns of sink hole formation and ground water contamination.
Ultra-Urban Areas
Ultra-urban areas are densely developed urban areas in which little pervious
surface exists. Infiltration trenches can sometimes be applied in the ultra-urban
environment. Two features that can restrict their use are the potential of
infiltrated water to interfere with existing infrastructure, and the relatively poor
infiltration capacity of most urban soils.
Stormwater Hot Spots
Stormwater hot spots are areas where land use or activities generate highly
contaminated runoff, with concentrations of pollutants in excess of those typically
found in stormwater. Infiltration trenches should not receive runoff from
stormwater hot spots, unless the stormwater has already been treated by
another stormwater management practice, because of potential ground water
contamination.
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Siting and Design Considerations
Infiltration trenches have select applications. Although they can be applied in a
variety of situations, the use of infiltration trenches is restricted by concerns over
ground water contamination, soils, and clogging.

Siting Considerations
Infiltration practices need to be sited extremely carefully. In particular, designers
need to ensure that the soils on site are appropriate for infiltration and that
designs minimize the potential for ground water contamination and long-term
maintenance.
Drainage Area
Infiltration trenches generally can be applied to relatively small sites (less than 5
acres), with relatively high impervious cover. Application to larger sites generally
causes clogging, resulting in a high maintenance burden.
Slope
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Infiltration trenches should be placed on flat ground, but the slopes of the site
draining to the practice can be as steep as 15 percent.
Soils/Topography
Soils and topography are strongly limiting factors when locating infiltration
practices. Soils must be significantly permeable to ensure that the stormwater
can infiltrate quickly enough to reduce the potential for clogging. In addition, soils
that infiltrate too rapidly may not provide sufficient treatment, creating the
potential for ground water contamination. The infiltration rate should range
between 0.5 and 3 inches per hour. In addition, the soils should have no greater
than 20 percent clay content, and less than 40 percent silt/clay content (MDE,
2000). The infiltration rate and textural class of the soil need to be confirmed in
the field; designers should not rely on more generic information such as a soil
survey. Finally, infiltration trenches may not be used in regions of karst
topography, due to the potential for sinkhole formation or ground water
contamination.
Ground Water
Designers always need to provide significant separation (2 to 5 feet) from the
bottom of the infiltration trench and the seasonally high ground water table, to
reduce the risk of contamination. In addition, infiltration practices should be
separated from drinking water wells.
Design Considerations
Specific designs may vary considerably, depending on site constraints or
preferences of the designer or community. There are some features, however,
that should be incorporated into most infiltration trench designs. These design
features can be divided into five basic categories: pretreatment, treatment,
conveyance, maintenance reduction, and landscaping.
Pretreatment
Pretreatment refers to design features that provide settling of large particles
before runoff reaches a management practice, easing the long-term maintenance
burden. Pretreatment is important for all structural stormwater management
practices, but it is particularly important for infiltration practices. To ensure that
pretreatment mechanisms are effective, designers should incorporate "multiple
pretreatment," using practices such as grassed swales, vegetated filter strips,
detention, or a plunge pool in series.
Treatment
Treatment design features enhance the pollutant removal of a practice. During
the construction process, the upland soils of infiltration trenches need to be
stabilized to ensure that the trench does not become clogged with sediment.
Furthermore, the practice should be filled with large clean stones that can retain
the volume of water to be treated in their voids. Like infiltration basins, this
practice should be sized so that the volume to be treated can infiltrate out of the
trench bottom in 24 hours.
Conveyance
Stormwater needs to be conveyed through stormwater management practices
safely, and in a way that minimizes erosion. Designers need to be particularly
careful in ensuring that channels leading to an infiltration practice are designed to
minimize erosion. Infiltration trenches should be designed to treat only small
storms, (i.e., only for water quality). Thus, these practices should be designed
"off-line," using a structure to divert only small flows to the practice. Finally, the
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sides of an infiltration trench should be lined with a geotextile fabric to prevent
flow from causing rills along the edge of the practice.
Maintenance Reduction
In addition to regular maintenance activities, designers also need to incorporate
features into the design to ensure that the maintenance burden of a practice is
reduced. These features can make regular maintenance activities easier or
reduce the need to perform maintenance. As with all management practices,
infiltration trenches should have an access path for maintenance activities. An
observation well (i.e., a perforated PVC pipe that leads to the bottom of the
trench) can enable inspectors to monitor the drawdown rate. Where possible,
trenches should have a means to drain the practice if it becomes clogged, such
as an underdrain. An underdrain is a perforated pipe system in a gravel bed,
installed on the bottom of filtering practices to collect and remove filtered runoff.
An underdrain pipe with a shutoff valve can be used in an infiltration system to
act as an overflow in case of clogging.
Landscaping
In infiltration trenches, there is no landscaping on the practice itself, but it is
important to ensure that the upland drainage is properly stabilized with thick
vegetation, particularly following construction.
Regional Variations
Arid or Semi-Arid Climates
In arid regions, infiltration practices are often highly recommended because of
the need to recharge the ground water. One concern in these regions is the
potential of these practices to clog, due to relatively high sediment
concentrations in these environments. Pretreatment needs to be more heavily
emphasized in these dryer climates.
Cold Climates
In extremely cold climates (i.e., regions that experience permafrost), infiltration
trenches may be an infeasible option. In most cold climates, infiltration trenches
can be a feasible management practice, but there are some challenges to their
use. The volume may need to be increased in order to treat snowmelt. In
addition, if the practice is used to treat roadside runoff, it may be desirable to
divert flow around the trench in the winter to prevent infiltration of chlorides from
road salting, where this is a problem. Finally, a minimum setback from roads is
needed to ensure that the practice does not cause frost heaving.
Limitations
Although infiltration trenches can be a useful management practice, they have
several limitations. While they do not detract visually from a site, infiltration
trenches provide no visual enhancements. Their application is limited due to
concerns over ground water contamination and other soils requirements. Finally,
maintenance can be burdensome, and infiltration practices have a relatively high
rate of failure.
Maintenance Considerations
In addition to incorporating features into the design to minimize maintenance,
some regular maintenance and inspection practices are needed. Table 1 outlines
some of these practices.
Table 1. Typical maintenance activities for infiltration trenches (Source: Modified
from WMI, 1997)
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Activity

Schedule

• Check observation wells following 3 days of dry weather.
Failure to percolate within this time period indicates
clogging.
• Inspect pretreatment devices and diversion structures for
sediment build-up and structural damage.

Semi-annual
inspection

• Remove sediment and oil/grease from pretreatment
devices and overflow structures.

Standard
maintenance

• If bypass capability is available, it may be possible to
regain the infiltration rate in the short term by using
measures such as providing an extended dry period.

5-year
maintenance

• Total rehabilitation of the trench should be conducted to
maintain storage capacity within 2/3 of the design
treatment volume and 72-hour exfiltration rate limit.
• Trench walls should be excavated to expose clean soil.

Upon failure

Infiltration practices have historically had a high rate of failure compared to other
stormwater management practices. One study conducted in Prince George's
County, Maryland (Galli, 1992), revealed that less than half of the infiltration
trenches investigated (of about 50) were still functioning properly, and less than
one-third still functioned properly after 5 years. Many of these practices,
however, did not incorporate advanced pretreatment. By carefully selecting the
location and improving the design features of infiltration practices, their
performance should improve.
Effectiveness
Structural stormwater management practices can be used to achieve four broad
resource protection goals. These include flood control, channel protection,
ground water recharge, and pollutant removal. Infiltration trenches can provide
ground water recharge, pollutant control, and can help somewhat to provide
channel protection.
Ground Water Recharge
Infiltration trenches recharge the ground water because runoff is treated for water
quality by filtering through the soil and discharging to ground water.
Pollutant Removal
Very little data are available regarding the pollutant removal associated with
infiltration trenches. It is generally assumed that they have very high pollutant
removal, because none of the stormwater entering the practice remains on the
surface. Schueler (1987) estimated pollutant removal for infiltration trenches
based on data from land disposal of wastewater. The average pollutant removal,
assuming the infiltration trench is sized to treat the runoff from a 1-inch storm, is:
TSS 75%
Phosphorous 60-70%
Nitrogen 55-60%
Metals 85-90%
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Bacteria 90%
These removal efficiencies assume that the infiltration trench is well designed
and maintained. The information in the Siting and Design Considerations and
Maintenance Considerations sections represent the best available information on
how to properly design these practices. The design references below provide
additional information.
Cost Considerations
Infiltration trenches are somewhat expensive, when compared to other
stormwater practices, in terms of cost per area treated. Typical construction
costs, including contingency and design costs, are about $5 per ft3 of stormwater
treated (SWRPC, 1991; Brown and Schueler, 1997).
Infiltration trenches typically consume about 2 to 3 percent of the site draining to
them, which is relatively small. In addition, infiltration trenches can fit into thin,
linear areas. Thus, they can generally fit into relatively unusable portions of a
site.
One cost concern associated with infiltration practices is the maintenance burden
and longevity. If improperly maintained, infiltration trenches have a high failure
rate (see Maintenance Considerations). In general, maintenance costs for
infiltration trenches are estimated at between 5 percent and 20 percent of the
construction cost. More realistic values are probably closer to the 20 percent
range, to ensure long-term functionality of the practice.
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Minimum Measure: Post-Construction Stormwater Management in New
Development and Redevelopment

Subcategory: Other
Description
A variety of products called swirl separators or hydrodynamic structures have
been widely applied to stormwater inlets in recent years. Swirl separators are
modifications of traditional oil-grit separators. They contain an internal
component that creates a swirling motion as stormwater flows through a
cylindrical chamber. The concept behind these designs is that sediments settle
out as stormwater moves in this swirling path, and additional compartments or
chambers are sometimes present to trap oil and other floatables. There are
several different types of proprietary separators, each incorporating slightly
different design variations, such as off-line application. Another common
manufactured product is the catch basin insert. These products are discussed
briefly in the Catch Basin Inserts fact sheet.
Applicability
Swirl separators are best installed on highly impervious sites. Because little data
are available on their performance (independently conducted studies suggest
marginal pollutant removal), swirl separators should not be used as a standalone practice for new development. The best application for these products is as
pretreatment to another stormwater device or, when space is limited, as a retrofit.
Limitations
Limitations to swirl separators include:
• Very little data are available on the performance of these practices, and
independent studies suggest only moderate pollutant removal. In particular,
these practices are ineffective at removing fine particles and soluble
pollutants.
◦ The practice has a high maintenance burden (i.e., frequent cleanout).
◦ Swirl concentrators are restricted to small and highly impervious sites.
Siting and Design Considerations
The design of swirl concentrators is specified in the manufacturer's product
literature. For the most part, swirl concentrators are a rate-based designs. That
is, their size is based on the peak flow of a specific storm event. This design
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contrasts with most other stormwater management practices, which are sized
based on the capture, storage or treatment of a specific volume. Sizing based on
flow rate allows the practice to provide treatment within a much smaller area than
other stormwater management practices.

Maintenance Considerations
Swirl concentrators require frequent, typically quarterly, maintenance.
Maintenance is performed using a vactor truck, as is used for catch basins (see
Catch Basin). In some regions, it may be difficult to find environmentally
acceptable disposal methods. Due to hazardous waste, pretreatment, or
groundwater regulations, sediments may sometimes be barred from landfills,
from land applications, and from introduction into sanitary sewer systems.
Effectiveness
While manufacturers' literature typically reports removal rates for swirl
separators, there is little independent data to evaluate the effectiveness of these
products. Two studies investigated one of these products. Both studies reported
moderate pollutant removal, but while the product outperforms oil/grit separators,
which have virtually no pollutant removal (Schueler, 1997), the removal rates are
not substantially different from the standard catch basin. One long-term
advantage of these products over catch basins is that if they incorporate an offline design, trapped sediment will not become resuspended. Data from the two
studies are presented below. Both studies are summarized in a Claytor (1999).
Table 1. Effectiveness of manufactured products for stormwater inlets
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Greb et al., 1998

Study

Notes

Labatiuk et al.,
1997

Data represent
Investigated 45 precipitation events over a 9the mean percent
month period. Percent removal rates reflect
removal rate for
overall efficiency, accounting for pollutants in
four storm
bypassed flows.
events.

TSSa

21

51.5

TDSa

-21

-

TPa

17

-

DPa

17

-

Pba

24

51.2

Zna

17

39.1

Cua

-

21.5

PAHa

32

-

NO2+NO3a

5

-

a

TSS=total suspended solids; TDS=total dissolved solids; TP=total phosphorus;
DP=dissolved phosphorus; Pb=lead; Zn=zinc; Cu=copper; PAH=polynuclear
aromatic hydrocarbons; NO2+NO3=nitrite+nitrate-nitrogen

Cost Considerations
A typical swirl separator costs between $5,000 and $35,000, or between $5,000
and $10,000 per impervious acre. This cost is within the range of some sand
filters, which also treat highly urbanized runoff (see Sand Filters). Swirl
separators consume very little land, making them attractive in highly urbanized
areas.
The maintenance of these practices is relatively expensive. Swirl concentrators
typically require quarterly maintenance. The most common method of cleaning
these practices is a vactor truck, which costs between $125,000 and $150,000.
This initial cost may be high for smaller Phase II communities. However, it may
be possible to share a vactor truck with another community. Depending on the
rules within a community, disposal costs of the sediment captured in swirl
separators may be significant.
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Minimum Measure: Post-Construction Stormwater Management in New
Development and Redevelopment

Subcategory: Innovative BMPs for Site Plans
Description
This better site design
practice promotes the
narrowing of streets to
reduce the amount of
impervious cover created
by new residential
development. By doing so,
stormwater runoff and
associated pollutant loads
may also be reduced.
Currently, many
communities require
residential street widths of
32, 36, and even 40-feet.
Wide streets provide two
parking lanes and two
moving lanes, but they
provide more parking than
is necessary. In many residential settings, street widths can be as narrow as 22
to 26-feet without sacrificing emergency access, on-street parking, or vehicular
and pedestrian safety. Even narrower access streets or shared driveways can be
used when only a handful of homes need to be served. However, developers
often have little flexibility to design narrower streets because most communities
require wide residential streets as a standard element of their local road and
zoning standards. Revisions to current local road standards are often needed to
promote a wider use of narrower residential streets.
Applicability
Narrower streets can be used in residential developments generating less than
500 or fewer average daily trips (ADT). Such developments generally consist of
50 single family homes. Narrower streets may also be feasible for streets
generating 500 to 1,000 ADT. However, narrower streets won't work for arterials,
collectors, streets that carry greater traffic volumes, and those streets on which
traffic volume varies over time.
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In most communities, existing local road standards will need to be modified to
allow the use of narrower streets. Several communities have successfully
implemented narrower streets, including Portland, OR; Bucks County, PA;
Boulder, CO; and throughout New Jersey. In addition, there are numerous
examples of communities where developers have successfully narrowed private
streets within innovative subdivisions.
Siting and Design Conditions
Residential street design requires a balancing of competing objectives: design,
speed, traffic volume, emergency access, parking, and safety. Communities that
want to change their road standards to permit narrower streets need to involve all
the stakeholders who influence street design in the revision process. Several
excellent informational resources on narrow street design are provided at the end
of this fact sheet.
Limitations
Real and perceived barriers hinder wider acceptance of narrower streets at local
levels. Advocates for narrower streets need to respond to the concerns of local
agencies and the general public. Some of the more frequent concerns about
narrower streets are listed below.
• Inadequate On-Street Parking. Recent research and local experience have
demonstrated that narrow streets can adequately accommodate residential
parking demand. A single family home typically requires 2 to 2.5 parking
spaces. In most residential zones, this parking demand can be satisfied by
one parking lane on the street and a driveway.
• Car and Pedestrian Safety. Recent research indicates that narrow streets
have lower accident rates than wide streets. Narrow streets tend to lower
vehicle speeds and act as traffic calming devices. Furthermore, sidewalk
access can be provided if needed. Although this might add additional
impervious area, net impervious area can be decreased due to greater
reductions in street width.
• Emergency Access. When designed properly, narrower streets can easily
accommodate fire trucks, ambulances, and other emergency vehicles.
• Large Vehicles. Field tests have shown that school buses, garbage trucks,
moving vans, and other large vehicles can generally safely negotiate narrower
streets, even with cars parked on both sides. In regions with high snowfall,
streets may need to be widened slightly to accommodate snowplows and
other equipment.
• Utility Corridors. It is often necessary to place utilities underneath the street
rather than in the right of way.
In addition, local communities may lack the authority to change road standards
when state agencies retain the review of public roads. In these cases, street
narrowing can be accomplished only on private streets (i.e., maintained by
residents rather than a local or state agency).
Maintenance Considerations
Narrower streets should slightly reduce road maintenance costs for local
communities, since they present a smaller surface area to maintain and repair.
Effectiveness
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Streets constitute 40 to 50 percent of impervious cover in residential
developments. Shifting to narrower streets can result in a 5 to 20 percent
reduction in impervious area in typical residential subdivisions (Schueler, 1995).
Residential streets are a major source of sediment, bacteria, nutrients,
hydrocarbons, metals and other stormwater pollutants (Bannerman, 1994). Since
nearly all pollutants on street surfaces and along curbs flow into storm drain
systems during rainstorms, less imperviousness means less stormwater runoff
and pollutant loadings.
Cost Considerations
Narrower streets cost less to build than wider streets. The cost of paving a road
averages $15 per square yard. Shaving a mere four feet from existing streets
can yield savings of more than $35,000 per mile of residential street. In addition,
since narrower streets produce less impervious cover and runoff, additional
savings can be realized in the reduced size and cost of downstream stormwater
management facilities.
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Minimum Measure: Post-Construction Stormwater Management in New
Development and Redevelopment

Subcategory: Infiltration
Description
Permeable interlocking
concrete pavement (PICP)
consists of manufactured
concrete units that reduce
stormwater runoff volume,
rate, and pollutants. The
impervious units are
designed with small
openings between
permeable joints. The
openings typically comprise
5% to 15% of the paver
surface area and are filled
with highly permeable,
small-sized aggregates.
The joints allow stormwater to enter a crushed stone aggregate bedding layer
and base that supports the pavers while providing storage and runoff treatment.
PICPs are highly attractive, durable, easily repaired, require low maintenance,
and can withstand heavy vehicle loads. Figure 1 shows installed pavers in a
Seattle, Washington residential neighborhood.
Applicability
PICP can be used for municipal stormwater management programs and private
development applications. The runoff volume and rate control, plus pollutant
reductions allow municipalities to meet regulatory water quality criteria. Municipal
initiatives, such as Chicago's Green Alley program, use PICP to reduce
combined sewer overflows and minimize localized flooding by infiltrating and
treating stormwater on site. In addition, the Chicago Department of
Transportation is experimenting with a photocatalytic cement coating on the
concrete paving units that absorb nitrous oxide air pollutants, a component of
photochemical smog. Green alley pilot project designs in the City of Richmond,
Virginia and Los Angeles, California anticipate storing and slowly releasing water
to reduce peak flows as well as filtering pollutants. Private development projects
use PICP to meet post-construction stormwater quantity and quality
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requirements. Public and private investments in PICP can potentially reduce
additional expenditures and land consumption for conventional collection,
conveyance, and detention stormwater infrastructure.
PICP can replace traditional impervious pavement for most pedestrian and
vehicular applications except high-volume/high-speed roadways. PICP has
performed successfully in pedestrian walkways, sidewalks, driveways, parking
lots, and low-volume roadways. The environmental benefits from PICP allow it to
be incorporated into municipal green infrastructure and low impact development
programs. In addition to providing stormwater volume and quality management,
light colored pavers are cooler than conventional asphalt and help to reduce
urban temperatures and improve air quality. The textured surface of PICP also
provides traffic calming and provides an aesthetic amenity.
PICP should not be confused with concrete grid pavements (i.e., concrete units
with cells that typically contain topsoil and grass). These paving units can
infiltrate water, but at rates lower than PICP. Unlike PICP, concrete grid
pavements are generally not designed with an open-graded, crushed stone base
for water storage. Moreover, grids are for intermittently trafficked areas such as
overflow parking areas and emergency fire lanes.
Siting and Design Criteria
PICP should be designed and sited to intercept, contain, filter, and infiltrate
stormwater on site. Several design possibilities can achieve these design
aspects. For example, PICP can be installed across an entire street width or an
entire parking area. The pavement can also be installed in combination with
impermeable pavements to infiltrate runoff and initiate a treatment train. Several
applications use PICP in parking lot lanes or parking stalls to treat runoff from
adjacent impermeable pavements and roofs. This design economizes PICP
installation costs while providing sufficient treatment area for the runoff
generated from impervious surfaces. Inlets can be placed in the PICP to
accommodate overflows from extreme storms. The stormwater volume to be
captured, stored, infiltrated, or harvested determines the PICP scale required.
Figures 2 and 3 illustrate some PICP design variations.
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The concrete pavers with permeable joint material comprise the surface layer of
PICP. Pavers are typically 80 mm (3 1/8 in.) thick for vehicular areas. Pedestrian
areas may use 60 mm (2 3/8 in.) thick units. Additional subsurface components
of this treatment practice are illustrated in Figure 4 and include the following
(NCSU, 2008):
• Open-graded bedding course - This permeable layer is typically 50 mm (2 in.)
thick and provides a level bed for the pavers. It consists of small-sized, opengraded aggregate.
• Open-graded base reservoir - An aggregate layer immediately beneath the
bedding layer. The base is typically 75 to 100 mm (3 - 4 in.) thick and consists
of crushed stones typically 20 mm down to 5 mm (3/4 in. to 3/16 in.). Besides
storing water, this high infiltration rate layer provides a transition between the
bedding and subbase layers.
• Open-graded subbase reservoir - The stone sizes are larger than the base,
typically 65 mm down to 20 mm (2½ in. to ¾ in.) stone. Like the base layer,
water is stored in the spaces among the stones. The subbase layer thickness
depends on water storage requirements and traffic loads. A subbase layer
may not be required in pedestrian or residential driveway applications. In such
instances, the base layer is increased to provide water storage and support.
• Underdrain (optional) - In instances where PICP is installed over lowinfiltration rate soils, an underdrain facilitates water removal from the base and
subbase. The underdrain is perforated pipe that ties into an outlet structure.
Supplemental storage can be achieved by using a system of pipes in the
aggregate layers. The pipes are typically perforated and provide some
additional storage volume beyond the stone base.
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• Geotextile (optional) - This can be used to separate the subbase from the
subgrade and prevent the migration of soil into the aggregate subbase or
base.
• Subgrade - The layer of soil immediately beneath the aggregate base or
subbase. The infiltration capacity of the subgrade determines how much water
can exfiltrate from the aggregate into the surrounding soils. The subgrade soil
is generally not compacted.

Specific Design
Considerations and
Limitations
The load-bearing and
infiltration capacities of the
subgrade soil, the infiltration
capacity of the paver
surface, and the storage
capacity of the stone
base/subbase are the key
stormwater design
parameters. To
compensate for the lower
structural support capacity
of clay soils, additional
subbase depth is often
required. The increased
depth also provides additional storage volume to compensate for the lower
infiltration rate of the clay subgrade. Underdrains elevated above the subgrade
clay soil (see Figure 4) are often used in PICP further making it suitable for many
clay soils by infiltrating some water, and filtering and draining the remainder.. In
addition, an impermeable liner may be installed between the subbase and the
subgrade to limit water infiltration when clay soils have a high shrink-swell
potential or there is a high depth to bedrock or water table (NCSU, 2008).
Measures should be taken to protect PICP from high sediment loads, particularly
fine sediment. Appropriate pretreatment BMPs for run-on to pavers include filter
strips and swales. Preventing sediment from entering the base or permeable
pavement during construction is critical. Runoff from disturbed areas should be
diverted away from the PICP until they are stabilized.
Several factors may limit PICP use. It is not appropriate for stormwater hotspots
where hazardous materials are loaded, unloaded, or stored or where there is a
potential for spills and fuel leakage. For slopes greater than 2%, terracing of the
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soil subgrade base may likely be needed to slow runoff from flowing through the
pavement structure.
There are many PICP paver designs on the market. While most pavers are ADA
compliant, units with large openings filled with aggregate may not be appropriate
for some paths or parking areas used by disabled persons, bicycles, pedestrians
with high-heels, and the elderly (SPU, 2009). Such areas can be paved with solid
interlocking concrete pavements (see Figure 5).
Maintenance
The most prevalent maintenance concern is the
potential clogging of the openings and joints
between the pavers. Fine particles that can clog the
openings are deposited on the surface from
vehicles, the atmosphere, and runoff from adjacent
land surfaces. Clogging will increase with age and
use; but while more particles become entrained in
the pavement surface, it does not become
impermeable. Studies of the long term surface
permeability of PICP and other permeable
pavements have found high infiltration rates initially,
a decrease, and then a leveling off with time. With
initial infiltration rates of hundreds of inches per
hour, the long term infiltration capacity remains high
even with clogging. When substantially clogged,
surface infiltration rates usually well exceed 1 inch
per hour, sufficient in most circumstances to
effectively manage stormwater. Permeability can be
increased with vacuum sweeping or in extreme
circumstances, replacing the aggregate between
pavers.

Key Siting and
Maintenance Issues:
• Do not install in areas
where hazardous
materials are loaded.
unloaded or stored.
• Avoid high sediment
loading areas.
• Divert runoff from
disturbed areas until
stabilized.
• Do not use sand for
snow or ice treatment.
• Periodic maintenance
to remove fine
sediments from paver
surface will optimize
permeability.

In cold climates, sand should not be applied for snow or ice conditions and snow
plowing can proceed as with other pavements. PICP has been found to work well
in cold climates as the rapid drainage of the surface reduces the occurrence of
freezing puddles and black ice. However, plowed snow piles should not be left to
melt over the paver joints and openings as they can receive high sediment
concentrations that can clog them more quickly. While all permeable pavements
do not treat chlorides from road salts (SPU, 2009), deicing material use can be
reduced with PICP. In addition, snow plowing is reduced due to surface snow
melting and infiltrating. By eliminating ice forming, there can be a reduction in
potential liability from slips and falls.
Effectiveness
PICP is an on-site stormwater management practice that reduces the volume
and rate of stormwater runoff as well as pollutant concentrations. PICP
transforms areas that were a source of stormwater to a treatment system and
can effectively reduce or eliminate runoff that would have been generated from
an impervious paved area. Because it reduces the effective impervious area of a
site, PICP should receive credit for pervious cover in drainage system design.
The infiltration rate of the pavers and base generally exceed the design storm
peak rainfall rate; the subsoil infiltration rate and base storage capacity are the
factors determining stormwater detention potential. Table 1 provides monitored
reductions in stormwater volumes via storage and infiltration.
Table 1. Volume Retention of PICP
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Application

Location

Soil Type

Underdrain

Volume
Retention

Residential
street

Auckland,
New
Zealand

Clay

Yes

60%

Driveway

Cary, NC

Clay

Yes

66%

Field and
laboratory
tests

Guelph,
Ontario,
Canada

---

---

90%

Parking lot

Swansboro,
NC

Sandy soil

No

100%

Parking lot

United
Kingdom

Impermeable
liner installed

Yes

34% 45%

Parking lot

Renton,
WA

---

No

100%

Parking lot

Kingston,
NC

Clay

No

99%

Sources: (Fassman and Blackburn, 2006); (Bean, et al., 2005); (Pratt, 1999); (Booth
and Leavitt, 1999); (Brattebo and Booth, 2003); (Collins, et al., 2008)

PICP reduces pollutant concentrations through several processes. The
aggregate filters the stormwater and slows it sufficiently to allow sedimentation to
occur. The subgrade soils are also a major factor in treatment. Sandy soils will
infiltrate more stormwater but have less treatment capability. Clay soils have a
high cation exchange capacity and will capture more pollutants but will infiltrate
less. Also, studies have found that in addition to beneficial treatment bacteria in
the soils, beneficial bacteria growth has been found on established aggregate
bases. In addition, PICP can process oil drippings from vehicles. Table 2
provides measured pollutant removals from PICP.
Table 2. Monitored Pollutant Removals of PICP
Application

Location

TSS

Metals

Nutrients
TP: 34%
NO3-N:
67%
NH3-N:
72%

Driveways

Jordan
Cove, CT

67%

Cu:
67%
Pb:67%
Zn:
71%

Parking lot

Goldsboro,
NC

71%

Zn:
88%

TP: 65%
TN: 35%

Parking lot

Renton,
WA

---

Cu:
79%
Zn:
83%

---

Parking lot

King
College,
ON

81%

Cu:
13%
Zn:
72%

TP: 53%
TKN:
53%
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Sources: (Bean, et al., 2004); (Clausen and Gilbert, 2006); (Van
Seters/TRCA 2007)

Van Seters (TRCA 2007) compared pollutants in soils under and next to six PICP
sites 3 to 16 years old in Ontario. There were no increases in oils (PAHs), iron,
lead, zinc, copper and iron in soils under the PICPs compared to soils adjacent
to them. Chlorides saw some increase under the PICP sites and would be
expected under all permeable pavements subject to snow and deicers. Like other
permeable pavements, PICP drains snowmelt, offering significant opportunity to
reduce deicing material use. Van Seters also documented the condition of the six
PICP sites and found that they were providing adequate structural support after
years of use.
PICP water quantity and pollutant reduction characteristics such as 80% TSS
reductions can qualify it to earn credits under green or sustainable building
evaluations systems such as Leadership in Energy and Environmental Design
(LEED®) and Green Globes. Credits also can be earned for water conservation,
urban heat island reduction, and conservation of materials by utilizing some
recycled materials and regional manufacturing and resource use.
Cost
Several factors influence
the overall cost of PICP:
• Material availability and
transport - The ease of
obtaining construction
materials and the time
and distance for delivery.
• Site conditions Accessibility by
construction equipment,
slope, and existing
buildings and uses.
• Subgrade - Subgrade
soils such as clay may
result in additional base
material needed for structural support or added stormwater storage volume.
• Stormwater management requirements - The level of control required for the
volume, rate, or quality of stormwater discharges will impact the volume of
treatment needed.
• Project size - Larger PICP areas tend to have lower per square foot costs due
to construction efficiencies. Mechanized installation of the paving units (shown
in Figure 6) is often used for larger projects thereby reducing construction
time.
Costs vary with site activities and access, PICP depth, drainage, curbing and
underdrains (if used), labor rates, contractor expertise, and competition. For
vehicular applications over 15,000 square feet, costs generally range from $4 to
$8 per square foot for the pavers, jointing and bedding materials. Base and
subbase can vary in thickness and price depending on the design.
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Subcategory: Infiltration
Description
Pervious concrete, also known as porous, gap-graded,
or enhanced porosity concrete, is concrete with reduced
sand or fines and allows water to drain through it.
Pervious concrete over an aggregate storage bed will
reduce stormwater runoff volume, rate, and pollutants.
The reduced fines leave stable air pockets in the
concrete and a total void space of between 15 and 35
percent, with an average of 20 percent. The void space
allows stormwater to flow through the concrete as shown
in Figure 1, and enter a crushed stone aggregate
bedding layer and base that supports the concrete while
providing storage and runoff treatment. When properly
constructed, pervious concrete is durable, low
maintenance, and has a low life cycle cost. Figure 2
shows a pervious concrete walkway installed at the EPA
Headquarters in Washington, D.C.
Applicability
Pervious concrete can be used for municipal stormwater management programs and
private development applications. The runoff volume and rate control, plus pollutant
reductions, allow municipalities to improve the quality of stormwater discharges.
Municipal initiatives, such as Chicago's Green Alley program, use pervious concrete to
reduce combined sewer overflows and minimize localized flooding by infiltrating and
treating stormwater on site. Private development projects use pervious concrete to
meet post-construction stormwater quantity and quality requirements. The use of
pervious concrete can potentially reduce additional expenditures and land consumption
for conventional collection, conveyance, and detention stormwater infrastructure. Public
and private developments have used pervious concrete, which is a naturally brighter
surface than traditional asphalt, to reduce lighting needs and increase nighttime safety.
Pervious concrete can replace traditional impervious pavement for most pedestrian and
vehicular applications except high-volume/high-speed roadways. Pervious concrete
can be designed to handle heavy loads, but surface abrasion from constant traffic will
cause the pavement to deteriorate more quickly than conventional concrete. Pervious
concrete has performed successfully in pedestrian walkways, sidewalks, driveways,
parking lots, and low-volume roadways. The environmental benefits from pervious
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concrete allow it to be incorporated
into municipal green infrastructure
and low impact development
programs. In addition to providing
stormwater volume and quality
management, the light color of
concrete is cooler than conventional
asphalt and helps to reduce urban
temperatures and improve air
quality (Grant, et al., 2003)
(Vingarzan and Taylor, 2003).
Unlike the smoothed surface of
conventional concrete, the surface
texture of pervious concrete is
slightly rougher, providing more
traction to vehicles and pedestrians.
Siting and Design Criteria
Pervious concrete should be designed and sited to intercept, contain, filter, and
infiltrate stormwater on site. Several design possibilities can achieve these objectives.
For example, pervious concrete can be installed across an entire street width or an
entire parking area. The pavement can also be installed in combination with
impermeable pavements or roofs to infiltrate runoff. Several applications use pervious
concrete in parking lot lanes or parking stalls to treat runoff from adjacent impermeable
pavements and roofs. This design economizes pervious concrete installation costs
while providing sufficient treatment area for the runoff generated from impervious
surfaces. Inlets can be placed in the pervious concrete to accommodate overflows from
extreme storms. The stormwater volume to be captured, stored, infiltrated, or harvested
determines the scale of permeable pavement required. Figures 3 and 4 illustrate some
pervious concrete design variations.
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Pervious concrete comprises the surface layer of the permeable pavement structure
and consists of Portland cement, open-graded coarse aggregate (typically 5/8 to 3/8
inch), and water. Admixtures can be added to the concrete mixture to enhance
strength, increase setting time, or add other properties. The thickness of pervious
concrete ranges from 4 to 8 inches depending on the expected traffic loads. Additional
subsurface components of this treatment practice are illustrated in Figure 5 and include
the following (NRMCA, 2008):
• Choke course - This permeable layer is typically 1 - 2 inches thick and provides a
level bed for the pervious concrete. It consists of small-sized, open-graded
aggregate.
• Open-graded base reservoir - This aggregate layer is immediately beneath the
choke layer. The base is typically 3 - 4 inches thick and consists of crushed stones
typically 3/4 to 3/16 inch. Besides storing water, this high infiltration rate layer
provides a transition between the bedding and subbase layers.
• Open-graded subbase reservoir - The stone sizes are larger than the base, typically
2½ to ¾ inch stone. Like the base layer, water is stored in the spaces among the
stones. The subbase layer thickness depends on water storage requirements and
traffic loads. A subbase layer may not be required in pedestrian or residential
driveway applications. In such instances, the base layer is increased to provide
water storage and support.
• Underdrain (optional) - In instances where pervious concrete is installed over lowinfiltration rate soils, an underdrain facilitates water removal from the base and
subbase. The underdrain is perforated pipe that ties into an outlet structure.
Supplemental storage can be achieved by using a system of pipes in the aggregate
layers. The pipes are typically perforated and provide additional storage volume
beyond the stone base.
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• Geotextile (optional) - This can be used to separate the subbase from the subgrade
and prevent the migration of soil into the aggregate subbase or base.
• Subgrade - The layer of soil immediately beneath the aggregate base or subbase.
The infiltration capacity of the subgrade determines how much water can exfiltrate
from the aggregate into the surrounding soils. The subgrade soil is generally not
compacted.

Properly installed pervious concrete
requires trained and experienced producers
and construction contractors. The
installation of pervious concrete differs from
conventional concrete in several ways. The
pervious concrete mix has low water
content and will therefore harden rapidly.
Pervious concrete needs to be poured
within one (1) hour of mixing. The pour time
can be extended with the use of
admixtures. A manual or mechanical
screed set ½ inch above the finished height
can be used to level the concrete. Floating
and troweling are not used, as those may
close the surface pores. Consolidation of
the concrete, typically with a steel roller, is
recommended within 15 minutes of
placement (Figure 6). Pervious concrete
also requires a longer time to cure. The concrete should be covered with plastic within
20 minutes of setting and allowed to cure for a minimum of 7 days (NRMCA, 2008).
Specific Design Considerations and Limitations
The load-bearing and infiltration capacities of the subgrade soil, the infiltration capacity
of the pervious concrete, and the storage capacity of the stone base/subbase are the
key stormwater design parameters. To compensate for the lower structural support
capacity of clay soils, additional subbase depth is often required. The increased depth
also provides additional storage volume to compensate for the lower infiltration rate of
the clay subgrade. Underdrains are often used when permeable pavements are
installed over clay. In addition, an impermeable liner may be installed between the
subbase and the subgrade to limit water infiltration when clay soils have a high shrinkswell potential, or if there is a high depth to bedrock or water table (Hunt and Collins,
2008).
Measures should be taken to protect permeable pavement from high sediment loads,
particularly fine sediment. Appropriate pretreatment BMPs for run-on to permeable
pavement include filter strips and swales. Preventing sediment from entering the base
of permeable pavement during construction is critical. Runoff from disturbed areas
should be diverted away from the permeable pavement until they are stabilized.
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Several factors may limit permeable pavement use.
Pervious concrete has reduced strength compared to
conventional concrete and will not be appropriate for
applications with high volumes and extreme loads. It is
not appropriate for stormwater hotspots where
hazardous materials are loaded, unloaded, stored, or
where there is a potential for spills and fuel leakage. For
slopes greater than 2 percent, terracing of the soil
subgrade base may likely be needed to slow runoff from
flowing through the pavement structure. In another
approach for using pervious concrete slopes, lined
trenches with underdrains can be dug across slope to
intercept flow through the subbase (ACPA, 2006).
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Key Siting and
Maintenance Issues:
• Do not install in areas
where hazardous
materials are loaded,
unloaded, or stored.
• Avoid high sediment
loading areas.
• Divert runoff from
disturbed areas until
stabilized.
• Do not use sand for
snow or ice treatment.
• Periodic maintenance to
remove fine sediments
from paver surface will
optimize permeability.

Consistent porosity through the concrete structure is
critical to prevent freeze-thaw damage. Cement paste
and smaller aggregate can settle to the bottom of the
structure during consolidation and seal off the concrete
pores. If surface water becomes trapped in pavement
voids, then it can freeze, expand, and break apart the pavement. An evaluation of four
(4) pervious concrete sites (3 with deterioration and 1 without) in Denver, CO by the
Urban Drainage and Flood Control District, found that the larger aggregate size mix
exhibited better permeability and less surface deterioration (UDFCD, 2008). The
National Ready Mixed Concrete Association also recommends the following
precautions to prevent pervious concrete from becoming saturated in regions where
hard wet freezes occur (NRMCA, 2004):
• Use 8 to 24 inch thick layer of clean aggregate base below the pervious concrete.
• Attempt to protect the cement paste by incorporating an air-entraining admixture in
the mixture.
• Use an underdrain to drain the aggregate base.
Maintenance
The most prevalent maintenance concern is the potential clogging of the pervious
concrete pores. Fine particles that can clog the pores are deposited on the surface
from vehicles, the atmosphere, and runoff from adjacent land surfaces. Clogging will
increase with age and use. While more particles become entrained in the pavement
surface, it does not become impermeable. Studies of the long-term surface
permeability of pervious concrete and other permeable pavements have found high
infiltration rates initially, followed by a decrease, and then leveling off with time (Bean,
et al., 2007a). With initial infiltration rates of hundreds of inches per hour, the long-term
infiltration capacity remains high even with clogging. When clogged, surface infiltration
rates usually well exceed 1 inch per hour, which is sufficient in most circumstances for
the surface to effectively manage intense stormwater events (ICPI, 2000). A study of
eleven (11) pervious concrete sites found infiltration rates ranging from 5 in/hr to 1,574
in/hr. The sites taking runoff from poorly maintained or disturbed soil areas had the
lowest infiltration rates, but they were still high relative to rainfall intensities (Bean, et
al., 2007a). Permeability can be increased with vacuum sweeping. In areas where
extreme clogging has occurred, half inch holes can be drilled through the pavement
surface every few feet or so to allow stormwater to drain to the aggregate base. Many
large cuts and patches in the pavement will weaken the concrete structure.
Freeze/thaw cycling is a major cause of pavement breakdown, especially for parking
lots in northern climates. Properly constructed permeable concrete can last 20 to 40
years because of its ability to handle temperature impacts. (Gunderson, 2008).
In cold climates, sand should not be applied for snow or ice conditions. However, snow
plowing can proceed as with other pavements and salt can be used in moderation.
Pervious concrete has been found to work well in cold climates as the rapid drainage of
the surface reduces the occurrence of freezing puddles and black ice. Melting snow
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and ice infiltrates directly into the pavement facilitating faster melting (Gunderson,
2008).
Cold weather and frost penetration do not negatively impact surface infiltration rates.
Permeable concrete freezes as a porous medium rather than a solid block because
permeable pavement systems are designed to be well-drained; infiltration capacity is
preserved because of the open void spaces (Gunderson, 2008). However, plowed
snow piles should not be left to melt over the pervious concrete as they can receive
high sediment concentrations that can clog them more quickly.
Permeable pavements do not treat chlorides from road salts but also require less
applied deicers. Deicing treatments are a significant expense and chlorides in
stormwater runoff have substantial environmental impacts. Reducing chloride
concentrations in runoff is only achieved through reduced application of road salts
because removal of chloride with stormwater BMPs is not effective. Road salt
application can be reduced up to 75% with the use of permeable pavements (UNHSC,
2007).
Effectiveness
All permeable pavements, including pervious concrete, are on-site stormwater
management practices and will have the same or very similar effectiveness with
regards to the reduction of the volume and rate of stormwater runoff as well as pollutant
concentrations. Pervious concrete, porous asphalt, and permeable pavers all have the
same underlying stormwater storage and support structure. The only difference is the
permeable surface treatment. The choice of permeable surface is relevant to user
needs, cost, material availability, constructability, and maintenance, but it has minimal
impact on the overall stormwater retention, detention, and treatment of the system.
Permeable pavement transforms areas that were a source of stormwater to a treatment
system and can effectively reduce or eliminate runoff that would have been generated
from an impervious paved area. Because it reduces the effective impervious area of a
site, permeable pavement should receive credit for pervious cover in drainage system
design. The infiltration rate of properly constructed pervious concrete and base
generally exceeds the design storm peak rainfall rate; the subsoil infiltration rate and
base storage capacity are the factors determining stormwater detention potential. Table
1 provides monitored reductions in stormwater volumes via storage and infiltration.
Table 1. Volume Retention of Permeable Pavements
Application

Location

Soil Type

Underdrain

Volume
Retention

Pervious Concrete
Residential
street and
sidewalk

Sultan, WA

--

--

100%

Parking lot

Kingston,
NC

Clay

No

99.9%

Permeable Interlocking Concrete Pavers
Residential
street

Auckland,
New
Zealand

Clay

Yes

60%

Driveway

Cary, NC

Clay

Yes

66%
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Field and
laboratory
tests

Guelph,
Ontario,
Canada

--

--

90%

Parking lot

Swansboro,
NC

Sandy soil

No

100%

Parking lot

United
Kingdom

Impermeable
liner installed

Yes

34% 45%

Parking lot

Renton,
WA

---

No

100%

Parking lot

Kinston,
NC

Clay

No

55%

--

96.7%

Porous Asphalt
Street

France

--

Parking lot

State
College, PA

--

--

Retained
the 25 yr 24 hr
storm

Parking lot*

Durham,
NH

Clay

Underdrain

25%

*System designed to collect infiltrated stormwater in underdrain for monitoring
purposes. (WA Aggregates & Concrete Association, 2006)(Collins, et al., 2008)
(Fassman and Blackbourn, 2006)(Bean, et al., 2007a)(Bean et al., 2007b)(Pratt, 1999)
(Booth and Leavitt, 1999)(Brattebo and Booth, 2003)(Collins, et al., 2008)(Legret, M. &
Colandini, 1999)(Cahill et al., 2003)(Roseen and Ballestero, 2008)

Permeable pavement reduces pollutant concentrations through several processes. The
aggregate filters the stormwater and slows it sufficiently to allow sedimentation to
occur. The subgrade soils are also a major factor in treatment. Sandy soils will infiltrate
more stormwater but have less treatment capability. Clay soils have a high cation
exchange capacity and will capture more pollutants but will infiltrate less. Also, studies
have found that in addition to beneficial treatment bacteria in the soils, beneficial
bacteria growth has been found on established aggregate bases. In addition,
permeable pavement can process oil drippings from vehicles (Pratt et al., 1999). Table
2 provides measured pollutant removals from pervious pavement structures.
Table 2. Monitored Pollutant Removals of
Permeable Pavement
Application

Location

TSS

Metals

Nutrients

Permeable Concrete
Parking lot

Tampa, FL

91%

7592%

--

Permeable Interlocking Concrete Pavers

Driveways

Jordan
Cove, CT

67%

Cu:
67%
Pb:
67%
Zn:71%

TP: 34%
NO3-N:
67%
NH3-N:
72%
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Parking lot

Goldsboro,
NC

Parking lot

Renton,
WA

Parking lot

King
College,
ON

71%

Zn:
88%

TP: 65%
TN:
35%/td>

---

Cu:
79%
Zn:
83%

--

81%

Cu:
13%
Zn:
72%

TP: 53%
TKN:
53%

Porous Asphalt
Highway
(friction
course
only)

Austin, TX

94%

7693%

43%

Parking lot

Durham,
NH

99%

Zn:
97%

TP: 42%

(Rushton, 2001)(Bean, et al., 2007b)(Clausen and Gilbert, 2006)
(Van Seters/TRCA 2007) (Barrett et al., 2006)(UNHSC, 2007)

Permeable pavement water quantity and pollutant reduction characteristics such as
80% total suspended solids reductions can qualify it to earn credits under green or
sustainable building evaluations systems such as Leadership in Energy and
Environmental Design (LEED®) and Green Globes. Credits also can be earned for
water conservation, urban heat island reduction, and conservation of materials by
utilizing some recycled materials and regional manufacturing and resource use.
Permeable concrete also allows less lighting to be used when compared to traditional
asphalt because its lighter color reflects more light.
Cost
Several factors influence the overall cost of pervious concrete:
• Material availability and transport - The ease of obtaining construction materials and
the time and distance for delivery.
• Site conditions - Accessibility by construction equipment, slope, and existing
buildings and uses.
• Subgrade - Subgrade soils such as clay may result in additional base material
needed for structural support or added stormwater storage volume.
• Stormwater management requirements - The level of control required for the
volume, rate, or quality of stormwater discharges will impact the volume of treatment
needed.
• Project size - Larger pervious concrete areas tend to have lower per square foot
costs due to construction efficiencies.
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Costs vary with site activities and access, pervious concrete depth, drainage, curbing
and underdrains (if used), labor rates, contractor expertise, and competition. The cost
of the pervious concrete material ranges from $2 to $7 per square foot (NCHRP, 2005).
The material cost of pervious concrete can drop significantly once a market has opened
and producers have made initial capacity investments. Eliminating or reducing the use
of admixtures, which are a significant cost in construction, can also lower installation
costs. When the City of Chicago began using pervious concrete in its Green Alleys
program (Figure 7), the cost of pervious concrete was $145 per cubic yard. One year
later, after having made the initial investment in the city's pervious concrete market, the
price of pervious concrete dropped and was comparable to ordinary concrete at $45
per cubic yard (Saulny, 2007). In addition, the public investment in the pervious
concrete market made the product more affordable for smaller development projects.
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Minimum Measure: Post-Construction Stormwater Management in New Development and
Subcategory: Infiltration
Description
Porous asphalt, also known as pervious, permeable,
"popcorn," or open-graded asphalt, is standard hot-mix
asphalt with reduced sand or fines and allows water to
drain through it. Porous asphalt over an aggregate
storage bed will reduce stormwater runoff volume, rate,
and pollutants. The reduced fines leave stable air
pockets in the asphalt. The interconnected void space
allows stormwater to flow through the asphalt as shown
in Figure 1, and enter a crushed stone aggregate
bedding layer and base that supports the asphalt while
providing storage and runoff treatment. When properly
constructed, porous asphalt is a durable and cost
competitive alternative to conventional asphalt.

Measurable Goals

Applicability
Stormwater Home

Porous asphalt can be used for municipal stormwater management programs and private
development applications. The runoff volume and rate control, plus pollutant reductions, allow
municipalities to improve the quality of stormwater discharges. Municipal initiatives, such as Portland's
Green Streets program (Figure 2), use porous asphalt to reduce combined sewer overflows by
infiltrating and treating stormwater on site. Private development projects use porous asphalt to meet
post-construction stormwater quantity and quality requirements. The use of porous asphalt can
potentially reduce additional expenditures and land consumption for conventional collection,
conveyance, and detention stormwater infrastructure.
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Porous asphalt can replace traditional impervious pavement for most pedestrian and vehicular
applications. Open-graded asphalt has been used for decades as a friction course over impervious
asphalt on highways to reduce noise, spray, and skidding. Highway applications with all porous
asphalt surfacing have been used successfully for highway pilot projects in the United States, but,
generally, porous asphalt is recommended for low volume and low speed applications (Hossain et al.,
1992). Porous asphalt performs well in pedestrian walkways, sidewalks, driveways, parking lots, and
low-volume roadways. The environmental benefits from porous asphalt allow it to be incorporated into
municipal green infrastructure and low impact development programs. The appearance of porous
asphalt and conventional asphalt is very similar. The surface texture of porous asphalt is slightly
rougher, providing more traction to vehicles and pedestrians.
Siting and Design Criteria
Porous asphalt should be designed and sited to intercept, contain, filter, and infiltrate stormwater on
site. Several design possibilities can achieve these objectives. For example, porous asphalt can be
installed across an entire street width or an entire parking area. The pavement can also be installed in
combination with impermeable pavements or roofs to infiltrate runoff. Several applications use porous
asphalt in parking lot lanes or parking stalls to treat runoff from adjacent impermeable pavements and
roofs. This design economizes porous asphalt installation costs while providing sufficient treatment
area for the runoff generated from impervious surfaces. Inlets can be placed in the porous asphalt to
accommodate overflows from extreme storms. The stormwater volume to be captured, stored,
infiltrated, or harvested determines the scale of permeable pavement required.
Table 1. Asphalt
Mix
(Adams, 2003)
Sieve
Size

%
Passing

1/2 in

100

3/8 in

95

#4

35

#8

15

#16

10

#30

2

Percent
bituminous
asphalt 5.756.0% by weight
Porous asphalt comprises the surface layer of the permeable pavement structure and consists of
open-graded coarse aggregate, bonded together by bituminous asphalt. A typical reduced fines
asphalt mix is shown in Table 1. Polymers can also be added to the mix to increase strength for heavy
load applications. The thickness of porous asphalt ranges from 2 to 4 inches depending on the
expected traffic loads. For adequate permeability, the porous asphalt should have a minimum of 16%
air voids. Additional subsurface components of this treatment practice are illustrated in Figure 3 and
include the following (NAPA, 2008):
• Choke course - This permeable layer is typically 1 - 2 inches thick and provides a level and
stabilized bed surface for the porous asphalt. It consists of small-sized, open-graded aggregate.
• Open-graded base reservoir - This aggregate layer is immediately beneath the choke layer. The
base is typically 3 - 4 inches thick and consists of crushed stones typically 3/4 to 3/16 inch. Besides
storing water, this high infiltration rate layer provides a transition between the bedding and subbase
layers.
• Open-graded subbase reservoir - The stone sizes are larger than the base, typically ¾ to 2 ½ inch
stone. Like the base layer, water is stored in the spaces among the stones. The subbase layer
thickness depends on water storage requirements and traffic loads. A subbase layer may not be
required in pedestrian or residential driveway applications. In such instances, the base layer is
increased to provide water storage and support.
• Underdrain (optional) - In instances where porous asphalt is installed over low-infiltration rate soils,
an underdrain facilitates water removal from the base and subbase. The underdrain is perforated
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pipe that ties into an outlet structure. Supplemental storage can be achieved by using a system of
pipes in the aggregate layers. The pipes are typically perforated and provide additional storage
volume beyond the stone base.
• Geotextile (optional) - This can be used to separate the subbase from the subgrade and prevent
the migration of soil into the aggregate subbase or base.
• Subgrade - The layer of soil immediately beneath the aggregate base or subbase. The infiltration
capacity of the subgrade determines how much water can exfiltrate from the aggregate into the
surrounding soils. The subgrade soil is generally not compacted.

The same equipment can be used for mixing and
laying permeable asphalt as conventional
asphalt. The method for laying the asphalt will
also be similar. During compaction of the
asphalt, minimal pressure should be used to
avoid closing pore space. Vehicular traffic should
be avoided for 24 to 48 hours after pavement is
installed.
Specific Design Considerations and
Limitations
The load-bearing and infiltration capacities of the
subgrade soil, the infiltration capacity of the
porous asphalt, and the storage capacity of the
stone base/subbase are the key stormwater
design parameters. To compensate for the lower
structural support capacity of clay soils,
additional subbase depth is often required. The
increased depth also provides additional storage
volume to compensate for the lower infiltration rate of the clay subgrade. Underdrains are often used
when permeable pavements are installed over clay. In addition, an impermeable liner may be installed
between the subbase and the subgrade to limit water infiltration when clay soils have a high shrinkswell potential, or if there is a high depth to bedrock or water table (Hunt and Collins, 2008).
Measures should be taken to protect permeable pavement from high sediment loads, particularly fine
sediment. Appropriate pretreatment BMPs for run-on to permeable pavement include filter strips and
swales. Preventing sediment from entering the base of permeable pavement during construction is
critical. Runoff from disturbed areas should be diverted away from the permeable pavement until they
are stabilized.
Several factors may limit permeable pavement use. Porous asphalt has reduced strength compared
to conventional asphalt and will not be appropriate for applications with high volumes and extreme
loads. It is not appropriate for stormwater hotspots where hazardous materials are loaded, unloaded,
stored, or where there is a potential for spills and fuel leakage. For slopes greater than 2 percent,
terracing of the soil subgrade base may likely be needed to slow runoff from flowing through the
pavement structure.
Maintenance

Key Siting and Maintenance
The most prevalent maintenance concern is the potential clogging Issues:
of the porous asphalt pores. Fine particles that can clog the pores
• Do not install in areas where
are deposited on the surface from vehicles, the atmosphere, and
hazardous materials are
runoff from adjacent land surfaces. Clogging will increase with age
loaded, unloaded, or stored.
and use. While more particles become entrained in the pavement
surface, it does not become impermeable. Studies of the long-
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term surface permeability of porous asphalt and other permeable
• Avoid high sediment loading
areas.
pavements have found high infiltration rates initially, followed by a
• Divert runoff from disturbed
decrease, and then leveling off with time (Bean, et al., 2007a).
areas until stabilized.
With initial infiltration rates of hundreds of inches per hour, the
• Do not use sand for snow or
long-term infiltration capacity remains high even with clogging.
ice treatment.
When clogged, surface infiltration rates usually well exceed 1 inch
per hour, which is sufficient in most circumstances for the surface • Periodic maintenance to
remove fine sediments from
to effectively manage intense stormwater events (ICPI, 2000).
paver surface will optimize
Permeability can be increased with vacuum sweeping. In areas
permeability.
where extreme clogging has occurred, half inch holes can be
drilled through the pavement surface every few feet or so to allow
stormwater to drain to the aggregate base. A stone apron around the pavement connected
hydraulically to the aggregate base and subbase can be used as a backup to surface clogging or
pavement sealing.
Due to the well draining stone bed and deep structural support of porous asphalt pavements, they
tend to develop fewer cracks and potholes than conventional asphalt pavement. When cracking and
potholes do occur, a conventional patching mix can be used. Freeze/thaw cycling is a major cause of
pavement breakdown, especially for parking lots in northern climates. The lifespan of a northern
parking lot is typically 15 years for conventional pavements; porous asphalt parking lots can have a
lifespan of more than 30 years because of the reduced freeze/thaw stress (Gunderson, 2008).
In cold climates, sand should not be applied for
snow or ice conditions. However, snow plowing
can proceed as with other pavements and salt
can be used in moderation. Porous asphalt has
been found to work well in cold climates as the
rapid drainage of the surface reduces the
occurrence of freezing puddles and black ice.
Melting snow and ice infiltrates directly into the
pavement facilitating faster melting (Gunderson,
2008).
Cold weather and frost penetration do not
negatively impact surface infiltration rates.
Porous asphalt freezes as a porous medium
rather than a solid block because permeable
pavement systems are designed to be welldrained; infiltration capacity is preserved
because of the open void spaces (Gunderson,
2008). However, plowed snow piles should not be left to melt over the porous asphalt as they can
receive high sediment concentrations that can clog them more quickly.
Permeable pavements do not treat chlorides from road salts but also require less applied deicers.
Deicing treatments are a significant expense and chlorides in stormwater runoff have substantial
environmental impacts. Reducing chloride concentrations in runoff is only achieved through reduced
application of road salts because removal of chloride with stormwater BMPs is not effective. A porous
asphalt lot installed at the University of New Hampshire required 25% of the salt routinely applied to
other impervious asphalt lots for equivalent deicing. No salt application was required for the porous
pavement to have an equivalent friction factor and traction than normally treated conventional
pavements because porous pavement has higher frictional resistance than conventional pavement
(UNHSC, 2007).
Effectiveness
All permeable pavements, including pervious asphalt, are on-site stormwater management practices
and will have the same or very similar effectiveness with regards to the reduction of the volume and
rate of stormwater runoff as well as pollutant concentrations. Porous asphalt, pervious concrete, and
permeable pavers all have the same underlying stormwater storage and support structure. The only
difference is the permeable surface treatment. The choice of permeable surface is relevant to user
needs, cost, material availability, constructability, and maintenance, but it has minimal impact on the
overall stormwater retention, detention, and treatment of the system.
Permeable pavement transforms areas that were a source of stormwater to a treatment system and
can effectively reduce or eliminate runoff that would have been generated from an impervious paved
area. Because it reduces the effective impervious area of a site, permeable pavement should receive
credit for pervious cover in drainage system design. The infiltration rate of properly constructed
pervious asphalt and base generally exceeds the design storm peak rainfall rate; the subsoil
infiltration rate and base storage capacity are the factors determining stormwater detention potential.
Table 2 provides monitored reductions in stormwater volumes via storage and infiltration.
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Table 2. Volume Retention of Permeable Pavements
Application

Location

Soil Type

Underdrain

Volume
Retention

--

96.7%

Porous Asphalt
Street

France

--

Parking lot

State
College, PA

--

--

Retained
the 25 yr 24 hr
storm

Park Lot*

Durham,
NH

Clay

Underdrain

25%

Permeable Interlocking Concrete Pavers
Residential
street

Auckland,
New
Zealand

Clay

Yes

60%

Driveway

Cary, NC

Clay

Yes

66%

Field and
laboratory
tests

Guelph,
Ontario,
Canada

--

--

90%

Parking lot

Swansboro,
NC

Sandy soil

No

100%

Parking lot

United
Kingdom

Impermeable
liner installed

Yes

34% 45%

Parking lot

Renton,
WA

---

No

100%

Parking lot

Kinston,
NC

Clay

No

55%

Pervious Concrete
Residential
streets and
sidewalk

Sultan, WA

--

--

100%

Parking lot

Kingston,
NC

Clay

No

99.9%

*System designed to collect infiltrated stormwater in underdrain for monitoring
purposes. (Legret, M. & Colandini, 1999)(Cahill et al., 2003)(Roseen and Ballestero,
2008)(Fassman and Blackbourn, 2006)(Bean, et al., 2007a)(Bean et al., 2007b)(Pratt,
1999)(Booth and Leavitt, 1999)(Brattebo and Booth, 2003)(Collins, et al., 2008)(WA
Aggregates & Concrete Association, 2006)(Collins, et al., 2008)

Permeable pavement reduces pollutant concentrations through several processes. The aggregate
filters the stormwater and slows it sufficiently to allow sedimentation to occur. The subgrade soils are
also a major factor in treatment. Sandy soils will infiltrate more stormwater but have less treatment
capability. Clay soils have a high cation exchange capacity and will capture more pollutants but will
infiltrate less. Also, studies have found that in addition to beneficial treatment bacteria in the soils,
beneficial bacteria growth has been found on established aggregate bases. In addition, permeable
pavement can process oil drippings from vehicles (Pratt et al., 1999). Table 3 provides measured
pollutant removals from pervious pavement structures.
Table 3. Monitored Pollutant Removals of Permeable
Pavement
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Location

TSS

Metals

Nutrients

Porous Asphalt
Highway
(friction
course only)

Austin, TX

94%

76-93%

43%

Parking lot

Durham,
NH

99%

Zn:
97%

TP: 42%

Permeable Interlocking Concrete Pavers
TP: 34%
NO3-N:
67%
NH3-N:
72%

Driveways

Jordan
Cove, CT

67%

Cu:
67%
Pb:
67%
Zn:71%

Parking lot

Goldsboro,
NC

71%

Zn:
88%

TP: 65%
TN: 35%

Parking lot

Renton,
WA

---

Cu:
79%
Zn:
83%

--

Parking lot

King
College,
ON

81%

Cu:
13%
Zn:
72%

TP: 53%
TKN: 53%

Pervious Concrete
Parking lot

Tampa, FL

91%

75-92%

--

(Barrett et al., 2006)(UNHSC, 2007)(Bean, et al., 2007b)(Clausen and
Gilbert, 2006)(Van Seters/TRCA 2007)(Rushton, 2001)

Permeable pavement water quantity and pollutant reduction characteristics such as 80 percent total
suspended solids reductions can qualify it to earn credits under green or sustainable building
evaluation systems such as Leadership in Energy and Environmental Design (LEED®) and Green
Globes. Credits also can be earned for water conservation and conservation of materials by utilizing
some recycled materials and regional manufacturing and resource use.
Cost
Several factors influence the overall cost of porous asphalt:
• Material availability and transport - The ease of obtaining construction materials and the time and
distance for delivery.
• Site conditions - Accessibility by construction equipment, slope, and existing buildings and uses.
• Subgrade - Subgrade soils such as clay may result in additional base material needed for structural
support or added stormwater storage volume.
• Stormwater management requirements - The level of control required for the volume, rate, or
quality of stormwater discharges will impact the volume of treatment needed.
• Project size - Larger porous asphalt areas tend to have lower per square foot costs due to
construction efficiencies.
Costs vary with site activities and access, porous asphalt depth, drainage, curbing and underdrains
(if used), labor rates, contractor expertise, and competition. The cost of the porous asphalt material
ranges from $0.50 to $1 per square foot (NCHRP, 2005).
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Minimum Measure: Post-Construction Stormwater Management in New
Development and Redevelopment

Subcategory: Filtration
Description

Pollution
Prevention/Good
Housekeeping for
Municipal Operations

Sand filters are usually designed as two-chambered stormwater practices; the
first is a settling chamber, and the second is a filter bed filled with sand or
another filtering media. As stormwater flows into the first chamber, large particles
settle out, and then finer particles and other pollutants are removed as
stormwater flows through the filtering medium. There are several modifications of
the basic sand filter design, including the surface sand filter, underground sand
filter, perimeter sand filter, organic media filter, and Multi-Chamber Treatment
Train. All of these filtering practices operate on the same basic principle.
Modifications to the traditional surface sand filter were made primarily to fit sand
filters into more challenging design sites (e.g., underground and perimeter filters)
or to improve pollutant removal (e.g., organic media filter).

Measurable Goals

Applicability

Stormwater Home

Sand filters can be applied in most regions of the country and on most types of
sites. Some restrictions at the site level, however, might restrict the use of sand
filters as a stormwater management practice (see Siting and Design
Considerations).

Post-Construction
Stormwater
Management in New
Development &
Redevelopment

Regional Applicability
Although sand filters can be used in both cold and arid climates, some design
modifications might be necessary (See Siting and Design Considerations).
In cold climates, filters can be used, but surface or perimeter filters will not be
effective during the winter months, and unintended consequences might result
from a frozen filter bed. Using alternative conveyance measures such as a weir
system between the sediment chamber and filter bed may avoid freezing
associated with the traditional standpipe. Where possible, the filter bed should be
below the frost line. Some filters, such as the peat/sand filter, should be shut
down during the winter. These media will become completely impervious during
freezing conditions. Using a larger under drain system to encourage rapid
draining during the winter months may prevent freezing of the filter bed. Finally,
the sediment chamber should be larger in cold climates to account for road
sanding (up to 40 percent of the water quality volume). Filters have not been
widely used in arid climates, however, it is probably also necessary to increase
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storage in the sediment chamber to up to 40 percent of the water quality volume
to account for high sediment loads.
Ultra-Urban Areas
Ultra-urban areas are densely developed urban areas in which little pervious
surface is present. Sand filters in general are good options in these areas
because they consume little space. Underground and perimeter sand filters in
particular are well suited to the ultra-urban setting because they consume no
surface space.
Stormwater Hot Spots
Stormwater hot spots are areas where land use or activities generate highly
contaminated runoff, with concentrations of pollutants in excess of those typically
found in stormwater. These areas include commercial nurseries, auto recycle
facilities, commercial parking lots, fueling stations, storage areas, industrial
rooftops, marinas, outdoor container storage of liquids, outdoor
loading/unloading facilities, public works storage areas, hazardous materials
generators (if containers are exposed to rainfall), vehicle service and
maintenance areas, and vehicle and equipment washing/steam cleaning
facilities. Sand filters are an excellent option to treat runoff from stormwater hot
spots because stormwater treated by sand filters has no interaction with, and
thus no potential to contaminate, the groundwater.
Stormwater Retrofit
A stormwater retrofit is a stormwater management practice (usually structural)
put into place after development has occurred to improve water quality, protect
downstream channels, reduce flooding, or meet other specific objectives. Sand
filters are a good option to achieve water quality goals in retrofit studies where
space is limited because they consume very little surface space and have few
site restrictions. It is important to note, however, that sand filters cannot treat a
very large drainage area. Using small-site BMPs in a retrofit may be the only
option for a retrofit study in a highly urbanized area, but it is expensive to treat
the drainage area of an entire watershed using many small-site practices, as
opposed to one larger facility such as a pond.
Cold Water (Trout) Streams
Some species in cold water streams, notably trout, are extremely sensitive to
changes in temperature. To protect these resources, designers should avoid
treatment practices that increase the temperature of the stormwater runoff they
treat. Sand filters can be a good treatment option for cold water streams. In some
stormwater treatment practices, particularly wet ponds, runoff is warmed by the
sun as it resides in the permanent pool. Surface sand filters are typically not
designed with a permanent pool, although there is ponding in the sedimentation
chamber and above the sand filter. Designers may consider shortening the
detention time in cold water watersheds. Underground and perimeter sand filter
designs have little potential for warming because these practices are not
exposed to the sun.
Siting and Design Considerations
Drainage Area
Sand filters are best applied on relatively small sites (up to 10 acres for surface
sand filters and closer to 2 acres for perimeter or underground filters [MDE,
2000]). Filters have been used on larger drainage areas, of up to 100 acres, but
these systems can clog when they treat larger drainage areas unless adequate
measures are provided to prevent clogging, such as a larger sedimentation
chamber or more intensive regular maintenance.
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Slope
Sand filters can be used on sites with slopes up to about 6 percent. It is
challenging to use most sand filters in very flat terrain because they require a
significant amount of elevation drop, or head (about 5 to 8 feet), to allow flow
through the system. One exception is the perimeter sand filter, which can be
applied with as little as 2 feet of head.
Soils/Topography
When sand filters are designed as a stand-alone practice, they can be used on
almost any soil because they can be designed so that stormwater never
infiltrates into the soil or interacts with the ground water. Alternatively, sand filters
can be designed as pretreatment for an infiltration practice, where soils do play a
role.
Ground Water
Designers should provide at least 2 feet of separation between the bottom of the
filter and the seasonally high ground water table. This design feature prevents
both structural damage to the filter and possibly, though unlikely, ground water
contamination.
Pretreatment
Pretreatment is a critical component of any stormwater management practice. In
sand filters, pretreatment is achieved in the sedimentation chamber that
precedes the filter bed. In this chamber, the coarsest particles settle out and thus
do not reach the filter bed. Pretreatment reduces the maintenance burden of
sand filters by reducing the potential of these sediments to clog the filter.
Designers should provide at least 25 percent of the water quality volume in a dry
or wet sedimentation chamber as pretreatment to the filter system. The water
quality volume is the amount of runoff that will be treated for pollutant removal in
the practice. Typical water quality volumes are the runoff from a 1-inch storm or
½ inch of runoff over the entire drainage area to the practice.
The area of the sedimentation chamber may be determined based on the CampHazen equation, as adapted by the Washington State Department of Ecology
(2005). The Center for Watershed Protection (1996) used a settling of 0.0004 ft/s
for drainage areas greater than 75% impervious and 0.0033 ft/s for drainage
areas less than or equal to 75% impervious to account for the finer particles that
erode from pervious surfaces.
Treatment
Treatment design features help enhance the ability of a stormwater management
practice to remove pollutants. In filtering systems, designers should provide at
least 75 percent of the water quality volume in the practice including both the
sand chamber and the sediment chamber. The filter bed should be sized using
Darcy's Law, which relates the velocity of fluids to the hydraulic head and the
coefficient of permeability of a medium. In sand filters, designers should select a
medium sand as the filtering medium.
Conveyance
Conveyance of stormwater runoff into and through the filter should be conducted
safely and in a manner that minimizes erosion potential. Ideally, some
stormwater treatment can be achieved during conveyance to and from the filter.
Since filtering practices are usually designed as "off-line" systems, meaning that
they have the smaller water quality volume diverted to them only during larger
storms, using a flow splitter, which is a structure that bypasses larger flows to the
storm drain system or to a stabilized channel. One exception is the perimeter
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filter; in this design, all flows enter the system, but larger flows overflow to an
outlet chamber and are not treated by the practice. All filtering practices, with the
exception of exfilter designs are designed with an under drain below the filtering
bed. An under drain is a perforated pipe system in a gravel bed, installed on the
bottom of filtering practices and used to collect and remove filtered runoff.
Maintenance
Typical annual maintenance requirements are:
• Check to see that the filter bed is clean of sediments, and the sediment
chamber is no more than one-half full of sediment; remove sediment if
necessary
• Make sure that there is no evidence of deterioration, sailing, or cracking of
concrete
• Inspect grates (if used)
• Inspect inlets, outlets, and overflow spillway to ensure good condition and no
evidence of erosion
• Repair or replace any damaged structural parts
• Stabilize any eroded areas
• Ensure that flow is not bypassing the facility
The sorbent pillows used in Multi-Chamber Treatment Trains should be replaced
twice per year. Routine (monthly) maintenance typically includes:
• Ensure that contributing area, filtering practice, inlets, and outlets are clear of
debris
• Ensure that the contributing area is stabilized and mowed, with clippings
removed
• Check to ensure that the filter surface is not clogging (also after moderate and
major storms)
• Ensure that activities in the drainage area minimize oil/grease and sediment
entry to the system
• If a permanent pool is present, ensure that the chamber does not leak and
that normal pool level is retained
• Ensure that no noticeable odors are detected outside the facility
In addition to regular maintenance activities needed to ensure the proper function
of most stormwater practices, some design features can be incorporated to ease
the maintenance burden of each practice. Designers should provide
maintenance access to filtering systems. In underground sand filters, confined
space rules defined by the Occupational Safety and Health Administration
(OSHA) need to be addressed.
Landscaping
Landscaping can add to both the aesthetic value and the treatment ability of
stormwater practices. In sand filters, little landscaping is generally used on the
practice, although surface sand filters and organic media filters may be designed
with a grass cover on the surface of the filter. In all filters, designers need to
ensure that the contributing drainage has dense vegetation to reduce sediment
loads to the practice.
Limitations
Sand filters can be used in unique conditions where many other stormwater
management practices are inappropriate, such as in karst (i.e., limestone)
topography or in highly urbanized settings. There are several limitations to these
practices, however. Sand filters cannot control floods and generally are not
designed to protect stream channels from erosion or to recharge the ground
water. In addition, sand filters require frequent maintenance, and underground
and perimeter versions of these practices are easily forgotten because they are
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out of sight. Perhaps one of the greatest limitations to sand filters is that they
cannot be used to treat large drainage areas. Surface sand filters are generally
not aesthetically pleasing practices but underground and perimeter sand filters
are not visible, and thus do not add or detract from the aesthetic value of a site.
Effectiveness
Filtering practices are for the most part adapted only to provide pollutant
removal, although in exfilter designs, some ground water recharge can be
provided. Sand filters are effective for pollutant removal with the exception of
nitrates, which appear to be exported from filtering systems. The export of
nitrates from filters may be caused by mineralization of organic nitrogen in the
filter bed.
Typical percent removals rates or ranges are:
TSS
TP
TN
Metals
Bacteria

65 - 90+
40 – 85
44 – 47
25 – 90+
55

Cost Considerations
There are few consistent data on the cost of sand filters due to their not having
been used widely and they have such varied designs that it is difficult to assign a
cost to filters in general. A study by Brown and Schueler (1997) was unable to
find a statistically valid relationship between the volume of water treated in a filter
and the cost of the practice, but typical total cost of installation ranged between
$2.50 and $7.50 per cubic foot of stormwater treated, with an average cost of
about $5 per cubic foot. The cost per impervious acre treated varies considerably
depending on the region and design used. It is important to note that, although
underground and perimeter sand filters can be more expensive than surface
sand filters, they consume no surface space, making them a relatively costeffective practice in ultra-urban areas where land is at a premium.
Table 4: Construction costs for various sand filters (Source: Schueler, 1994)
Region (Design)

Cost/Impervious Acre

Delaware (Perimeter)

$10,000

Alexandria , VA (Perimeter)

$23,500

Austin , TX (<2 acres) (Surface)

$16,000

Austin , TX (>5 acres) (Surface)

$3,400

Washington , DC (underground)

$14,000

Denver , CO

$30,000–$50,000
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Multi-Chamber Treatment Train

$40,000–$80,000
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Stormwater wetlands (a.k.a.
constructed wetlands) are
structural practices similar
to wet ponds (see Wet
Ponds fact sheet) that
incorporate wetland plants
into the design. As
stormwater runoff flows
through the wetland,
pollutant removal is
achieved through settling
and biological uptake within
the practice. Wetlands are
among the most effective
stormwater practices in
terms of pollutant removal and they also offer aesthetic and habitat value.
Although natural wetlands can sometimes be used to treat stormwater runoff that
has been properly pretreated, stormwater wetlands are fundamentally different
from natural wetland systems. Stormwater wetlands are designed specifically for
the purpose of treating stormwater runoff, and typically have less biodiversity
than natural wetlands in terms of both plant and animal life. Several design
variations of the stormwater wetland exist, each design differing in the relative
amounts of shallow and deep water, and dry storage above the wetland.
A distinction should be made between using a constructed wetland for
stormwater management and diverting stormwater into a natural wetland. The
latter practice is not recommended because altering the hydrology of the existing
wetland with additional stormwater can degrade the resource and result in plant
die-off and the destruction of wildlife habitat. In all circumstances, natural
wetlands should be protected from the adverse effects of development, including
impacts from increased stormwater runoff. This is especially important because
natural wetlands provide stormwater and flood control benefits on a regional
scale.
Applicability
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Constructed wetlands are widely applicable stormwater management practices.
While they have limited applicability in highly urbanized settings and in arid
climates, wetlands have few other restrictions.
Regional Applicability
Stormwater wetlands can be applied in most regions of the United States, with
the exception of arid climates. In arid and semi-arid climates, it is difficult to
design any stormwater practice that has a permanent pool. Because stormwater
wetlands are shallow, a large portion is subject to evaporation relative to the
volume of the practice. This makes maintaining the permanent pool in wetlands
more challenging and important than maintaining the pool of a wet pond (see
Wet Ponds fact sheet).
Ultra-Urban Areas
Ultra-urban areas are densely developed urban areas in which little pervious
surface exists. It is difficult to use stormwater wetlands in the ultra-urban
environment because of the land area each wetland consumes. They can,
however, be used in an ultra-urban environment if a relatively large area is
available downstream of the site.
Stormwater Hot Spots
Stormwater hot spots are areas where land use or activities generate highly
contaminated runoff, with concentrations of pollutants in excess of those typically
found in stormwater. A typical example is a gas station. Wetlands can accept
runoff from stormwater hot spots, but need significant separation from ground
water if they will be used for this purpose. Caution also needs to be exercised, if
these practices are designed to encourage wildlife use, to ensure that pollutants
in stormwater runoff do not work their way through the food chain of organisms
living in or near the wetland.
Stormwater Retrofit
A stormwater retrofit is a stormwater management practice (usually structural)
put into place after development has occurred, to improve water quality, protect
downstream channels, reduce flooding, or meet other specific objectives. When
retrofitting an entire watershed, stormwater wetlands have the advantage of
providing both educational and habitat value. One disadvantage to wetlands is
the difficulty of storing large amounts of runoff without consuming a large amount
of land. It is also possible to incorporate wetland elements into existing practices,
such as wetland plantings (see Wet Ponds and Dry Detention Ponds fact
sheets).
Cold Water (Trout) Streams
Wetlands could pose a risk to cold water systems because of their potential for
stream warming. When water remains in the permanent pool, it is heated by the
sun. A study in Prince George's County, Maryland, investigated the thermal
impacts of a wide range of stormwater management practices (Galli, 1990). In
this study, only one wetland was investigated, which was an extended detention
wetland (see Design Variations). The practice increased the average
temperature of stormwater runoff that flowed through the practice by about 3°F.
As a result, wetlands can release water that is warmer than stream
temperatures.
Siting and Design Considerations
In addition to the broad applicability concerns described above, designers need
to consider conditions at the site level. In addition, they need to incorporate
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design features to improve the longevity and performance of the practice, while
minimizing the maintenance burden.
Siting Considerations
In addition to the restrictions and modifications to adapting stormwater wetlands
to different regions and land uses, designers need to ensure that this
management practice is feasible at the site in question. The following section
provides basic guidelines for siting wetlands.
Drainage Area
Wetlands need sufficient drainage area to maintain the permanent pool. In humid
regions, this is typically about 25 acres, but a greater area may be needed in
regions with less rainfall.
Slope
Wetlands can be used on sites with an upstream slope of up to about 15 percent.
The local slope should be relatively shallow, however. While there is no minimum
slope requirement, there does need to be enough elevation drop from the inlet to
the outlet to ensure that hydraulic conveyance by gravity is feasible (generally
about 3 to 5 feet).
Soils/Topography
Wetlands can be used in almost all soils and geology, with minor design
adjustments for regions of karst (i.e. limestone) topography (see Design
Considerations).
Ground Water
Unless they receive hot spot runoff, wetlands can often intersect the ground
water table. Some research suggests that pollutant removal is reduced when
ground water contributes substantially to the pool volume (Schueler, 1997b). It is
assumed that wetlands would have a similar response.
Design Considerations
Specific designs may vary considerably, depending on site constraints or
preferences of the designer or community. There are some features, however,
that should be incorporated into most wetland designs. These design features
can be divided into five basic categories: pretreatment, treatment, conveyance,
maintenance reduction, and landscaping.
Pretreatment
Pretreatment incorporates design features that help to settle out coarse sediment
particles. By removing these particles from runoff before they reach the large
permanent pool, the maintenance burden of the pond is reduced. In wetlands,
pretreatment is achieved with a sediment forebay. A sediment forebay is a small
pool (typically about 10 percent of the volume of the permanent pool). Coarse
particles remain trapped in the forebay, and maintenance is performed on this
smaller pool, eliminating the need to dredge the entire pond.
Treatment
Treatment design features help enhance the ability of a stormwater management
practice to remove pollutants. The purpose of most of these features is to
decrease the rate of stormwater movement through the wetland. Some typical
design features include
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• The surface area of wetlands should be at least 1 percent of the drainage area
to the practice.
• Wetlands should have a length-to-width ratio of at least 1.5:1. Making the
wetland longer than it is wide helps prevent "short circuiting" of the practice.
• Effective wetland design displays "complex microtopography." In other words,
wetlands should include zones of both very shallow (<6 inches) and
moderately shallow (<18 inches) water, using underwater earth berms to
create the zones. This design will provide a longer flow path through the
wetland to encourage settling, and it provides two depth zones to encourage
plant diversity.
Conveyance
Conveyance of stormwater runoff into and through a stormwater management
practice is a critical component of any practice. Stormwater should be conveyed
to and from practices safely and to minimize erosion potential. The outfall of
wetlands should always be stabilized to prevent scour. In addition, dependent
upon local conditions, an emergency spillway might need to be provided to safely
convey large flood events. To help mitigate warming at the outlet channel,
designers should provide shade around the channel at the wetland outlet.
Maintenance Reduction
In addition to regular maintenance activities needed to maintain the function of
stormwater practices, some design features can be incorporated to ease the
maintenance burden of each practice. In wetlands, maintenance reduction
features include techniques to reduce the amount of maintenance needed, as
well as techniques to make regular maintenance activities easier.
One potential maintenance concern in wetlands is clogging of the outlet.
Wetlands should be designed with a nonclogging outlet such as a reverse-slope
pipe or a weir outlet with a trash rack. A reverse-slope pipe draws from below the
permanent pool extending in a reverse angle up to the riser and establishes the
water elevation of the permanent pool. Because these outlets draw water from
below the level of the permanent pool, they are less likely to be clogged by
floating debris. Another general rule is that no orifice should be less than 3
inches in diameter. Smaller orifices are generally more susceptible to clogging,
without specific design considerations to reduce this problem. Another feature
that can help reduce the potential for clogging of the outlet is to incorporate a
small pool, or "micropool" at the outlet.
Design features are also incorporated to ease maintenance of both the forebay
and the main pool of wetlands. Wetlands should be designed with a maintenance
access to the forebay to ease this relatively routine (5- to 7-year) maintenance
activity. In addition, the permanent pool should have a drain to draw down the
water for the more infrequent dredging of the main cell of the wetland.
Landscaping
Landscaping of wetlands can make them an asset to a community and can also
enhance the pollutant removal of the practice. In wetland systems, landscaping is
an integral part of the design. To ensure the establishment and survival of
wetland plants, a landscaping plan should provide detailed information about the
plants selected, when they will be planted, and a strategy for maintaining them.
The plan should detail wetland plants, as well as vegetation to be established
adjacent to the wetland. Native plants should be used if possible.
A variety of techniques can be used to establish wetland plants. The most
effective techniques are the use of nursery stock as dormant rhizomes, live
potted plants, and bare rootstock. A "wetland mulch," soil from a natural wetland
or a designed "wetland mix," can be used to supplement wetland plantings or
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alone to establish wetland vegetation. Wetland mulch carries with it the seed
bank from the original wetland, and can help to enhance diversity in the wetland.
The least expensive option to establish wetlands is to allow the wetland to
colonize itself. One disadvantage to this last technique is that invasive species
such as cattails or Phragmites (common reed) may dominate the wetland.
When developing a plan for wetland planting, care needs to be taken to ensure
that plants are established in the proper depth and within the planting season.
This season varies regionally, and is generally between 2 and 3 months long in
the spring to early summer. Plant lists are available for various regions of the
United States through wetland nurseries, extension services, and conservation
districts.
Design Variations
There are several variations of the wetland design. The designs are
characterized by the volume of the wetland in deep pool, high marsh, and low
marsh, and whether the design allows for detention of small storms above the
wetland surface. Other design variations help to make wetland designs practical
in cold climates.
Shallow Marsh
In the shallow marsh design, most of the wetland volume is in the relatively
shallow high marsh or low marsh depths. The only deep portions of the shallow
wetland design are the forebay at the inlet to the wetland and the micropool at
the outlet. One disadvantage to this design is that, since the pool is very shallow,
a large amount of land is typically needed to store the water quality volume (i.e.,
the volume of runoff to be treated in the wetland).
Extended Detention Wetland
This design is the same as the shallow marsh, with additional storage above the
surface of the marsh. Stormwater is temporarily ponded above the surface in the
extended detention zone for between 12 and 24 hours. This design can treat a
greater volume of stormwater in a smaller space than the shallow wetland
design. In the extended detention wetland option, plants that can tolerate wet
and dry periods should be specified in the extended detention zone.
Pond/Wetland System
The pond/wetland system combines the wet pond (see Wet Ponds fact sheet)
design with a shallow marsh. Stormwater runoff flows through the wet pond and
into the shallow marsh. Like the extended detention wetland, this design requires
less surface area than the shallow marsh because some of the volume of the
practice is in the relatively deep (i.e., 6-8 feet) pond.
Pocket Wetland
This design is very similar to the pocket pond (see Wet Ponds fact sheet). In this
design, the bottom of the wetland intersects the ground water, which helps to
maintain the permanent pool. Some evidence suggests that ground water flows
may reduce the overall effectiveness of stormwater management practices
(Schueler, 1997b). This option may be used when there is not significant
drainage area to maintain a permanent pool.
Gravel-Based Wetlands
In this design, runoff flows through a rock filter with wetland plants at the surface.
Pollutants are removed through biological activity on the surface of the rocks and
pollutant uptake by the plants. This practice is fundamentally different from other
wetland designs because, while most wetland designs behave like wet ponds
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with differences in grading and landscaping, gravel-based wetlands are more
similar to filtering systems.
Regional Variations
Cold Climates
Cold climates present many challenges to designers of wetlands. During the
spring snowmelt, a large volume of water runs off in a short time, carrying a
relatively high pollutant load. In addition, cold winter temperatures may cause
freezing of the permanent pool or freezing at inlets and outlets. Finally, high salt
concentrations in runoff resulting from road salting, as well as sediment loads
from road sanding, may impact wetland vegetation.
One of the greatest challenges of stormwater wetlands, particularly shallow
marshes, is that much of the practice is very shallow. Therefore, much of the
volume in the wetland can be lost as the surface of the practice freezes. One
study found that the performance of a wetland system was diminished during the
spring snowmelt because the outlet and surface of the wetland had frozen.
Sediment and pollutants in snowmelt and rainfall events "skated" over the
surface of the wetland, depositing at the outlet of the wetland. When the ice
melted, this sediment was washed away by storm events (Oberts, 1994). Several
design features can help minimize this problem, including:
• "On-line" designs allowing flow to move continuously can help prevent outlets
from freezing.
• Wetlands should be designed with multiple cells, with a berm or weir
separating each cell. This modification will help to retain storage for treatment
above the ice layer during the winter season.
• Outlets that are resistant to freezing should be used. Some examples include
weirs or pipes with large diameters.
The salt and sand used to remove ice from roads and parking lots may also
create a challenge to designing wetlands in cold climates. When wetlands drain
highway runoff, or parking lots, salt-tolerant vegetation, such as pickle weed or
cord grass should be used. (Contact a local nursery or extension agency for
more information in your region). In addition, designers should consider using a
large forebay to capture the sediment from road sanding.
Karst Topography
In karst (i.e., limestone) topography, wetlands should be designed with an
impermeable liner to prevent ground water contamination or sinkhole formation,
and to help maintain the permanent pool.
Limitations
Some features of stormwater wetlands that may make the design challenging
include the following:
• Each wetland consumes a relatively large amount of space, making it an
impractical option on some sites.
• Improperly designed wetlands might become a breeding area for mosquitoes
if improperly designed.
• Wetlands require careful design and planning to ensure that wetland plants
are sustained after the practice is in place.
• It is possible that stormwater wetlands may release nutrients during the
nongrowing season.
• Designers need to ensure that wetlands do not negatively impact natural
wetlands or forest during the design phase.
Maintenance Considerations
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In addition to incorporating features into the wetland design to minimize
maintenance, some regular maintenance and inspection practices are
needed. Table 1 outlines these practices.
Table 1. Regular maintenance activities for wetlands (Source: Adapted from
WMI, 1997, and CWP, 1998)
Activity

Schedule

◦ Replace wetland vegetation to maintain at least 50%
surface area coverage in wetland plants after the
second growing season.

One-time

◦ Inspect for invasive vegetation and remove where
possible.
◦ Inspect for damage to the embankment and
inlet/outlet structures. Repair as necessary.
◦ Note signs of hydrocarbon build-up, and deal with
appropriately.
◦ Monitor for sediment accumulation in the facility and
forebay.
◦ Examine to ensure that inlet and outlet devices are
free of debris and are operational.
◦ Repair undercut or eroded areas.

◦ Clean and remove debris from inlet and outlet
structures.
◦ Mow side slopes.
◦ Supplement wetland plants if a significant portion
have not established (at least 50% of the surface
area).
◦ Harvest wetland plants that have been "choked out"
by sediment build-up.
◦ Remove sediment from the forebay.

◦ Monitor sediment accumulations, and remove
sediment when the pool volume has become reduced
significantly, plants are "choked" with sediment, or the
wetland becomes eutrophic.

Semi-annual
inspection
Annual inspection

As needed
maintenance
Frequent (3-4
times/year)
maintenance
Annual
maintenance
(if needed)

5- to 7-year
maintenance
20- to 50-year
maintenance

Effectiveness
Structural stormwater management practices can be used to achieve four
broad resource protection goals. These include flood control, channel
protection, ground water recharge, and pollutant removal. Wetlands can
provide flood control, channel protection, and pollutant removal.
Flood Control
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One objective of stormwater management practices can be to reduce the flood
hazard associated with large storm events by reducing the peak flow
associated with these storms. Wetlands can easily be designed for flood
control by providing flood storage above the level of the permanent pool.
Channel Protection
When used for channel protection, wetlands have traditionally controlled the 2year storm. It appears that this control has been relatively ineffective, and
research suggests that control of a smaller storm may be more appropriate
(MacRae, 1996).
Ground Water Recharge
Wetlands cannot provide ground water recharge. The build-up of debris at the
bottom of the wetland prevents the movement of water into the subsoil.
Pollutant Removal
Wetlands are among the most effective stormwater management practices at
removing stormwater pollutants. A wide range of research is available to
estimate the effectiveness of wetlands. Wetlands have high pollutant removal
rates, and are articularly effective at removing nitrate and bacteria. Table 2
provides pollutant removal data derived from the Center for Watershed
Protections's National Pollutant Removal Database for Stormwater Treatment
Practices (Winer, 2000).
Table 2. Typical Pollutant Removal Rates of Wetlands (%) (Winer, 2000)
Stormwater Treatment Practice Design Variation
Pollutant

1

Shallow
Marsh

ED
Wetland1

Pond/Wetland
System

Submerged
Gravel Wetland1

TSS

83±51

69

71±35

83

TP

43±40

39

56±35

64

TN

26±49

56

19±29

19

NOx

73±49

35

40±68

81

Metals

36-85

(80)-63

0-57

21-83

Bacteria

761

NA

NA

78

Data based on fewer than five data points

The effectiveness of wetlands varies considerably, but many believe that
proper design and maintenance help to improve their performance. The siting
and design criteria presented in this sheet reflect the best current information
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and experience to improve the performance of wetlands. A joint project of the
American Society of Civil Engineers (ASCE) and the U.S. EPA Office of Water
may help to isolate specific design features that can improve performance.
The National Stormwater Best Management Practice (BMP) database is a
compilation of stormwater practices which includes both design information
and performance data for various practices. As the database expands,
inferences about the extent to which specific design criteria influence pollutant
removal may be made. More information on this database is available on the
BMP database
.
Cost Considerations
Wetlands are relatively inexpensive stormwater practices. Construction cost
data for wetlands are rare, but one simplifying assumption is that they are
typically about 25 percent more expensive than stormwater ponds of an
equivalent volume. Using this assumption, an equation developed by Brown
and Schueler (1997) to estimate the cost of wet ponds can be modified to
estimate the cost of stormwater wetlands using the equation:
C = 30.6V0.705
where:
C = Construction, design, and permitting cost;
V = Wetland volume needed to control the 10-year storm (ft3).
Using this equation, typical construction costs are the following:
$ 57,100 for a 1 acre-foot facility
$ 289,000 for a 10 acre-foot facility
$ 1,470,000 for a 100 acre-foot facility
Wetlands consume about 3 to 5 percent of the land that drains to them, which
is relatively high compared with other stormwater management practices.
For wetlands, the annual cost of routine maintenance is typically estimated at
about 3 percent to 5 percent of the construction cost. Alternatively, a
community can estimate the cost of the maintenance activities outlined in the
maintenance section. Wetlands are long-lived facilities (typically longer than
20 years). Thus, the initial investment into these systems may be spread over
a relatively long time period.
Although no studies are available on wetlands in particular, there is some
evidence to suggest that wet ponds may provide an economic benefit by
increasing property values. The results of one study suggest that "pond
frontage" property can increase the selling price of new properties by about 10
percent (USEPA, 1995). Another study reported that the perceived value (i.e.,
the value estimated by residents of a community) of homes was increased by
about 15 to 25 percent when located near a wet pond (Emmerling-Dinovo,
1995). It is anticipated that well-designed wetlands, which incorporate
additional aesthetic features, would have the same benefit.
References
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Figure 1. Comparison of street design in (a) a conventional residential subdivision and (b) a mixed
use, traditional neighborhood design. Having well connected streets is one objective of Smart
Growth street design. (Figure courtesy of Tom Low of Duany Plater-Zyberk)

Stormwater Home

Description
Two aspects of street design relate to stormwater and its impacts. The first is the street itself. EPA,
watershed researchers, and local governments have developed guidance on designing "green
streets," that focuses on narrower widths, infiltration opportunities, and eliminating curbs and
gutters. However, the underlying street patterns are just as influential, particularly as they relate to
development patterns in a neighborhood and region.
Smart Growth Street Designs are based on a network of well-connected streets that support
multiple transportation modes. Some smart growth approaches to street design include decreasing
street widths, adjusting the vehicular level of service (LOS), creating LOS for other modes of
transportation, and designing connected street networks to support multiple uses.
Applicability
Regional Applicability
A variety of agencies control street and road designs on the regional level. State Departments of
Transportation typically control the design and operations of highways and larger arterial streets.
When developing streets, state DOT's most likely refer to manuals such as the American
Association of State and Highway Transportation Official's "reen Book," or manuals developed by
the Institute for Transportation Engineers (ITE).
Conventional street layouts today tend to follow a hierarchical system, with a multitude of smaller
roads serving residential areas feeding into larger roads and arterials. These arterials funnel traffic
onto larger regional roads and highways. This system is often highlighted for its role in congestion
since the funneling of traffic creates congested chokepoints which prevent few, if any, alternative
routes from place to place. This system also arose as part of a highly separated and dispersed
land use system.
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As local governments and states demand connected, multi-modal street networks, these two
organizations have recognized the need for alternative standards. In response, ITE has published
"Traditional Neighborhood Development Street Design Guidelines" (1999) and "Neighborhood
Street Design Guidelines" (2003).
On a local level, several cities and counties (Cary, N.C., Portland OR) have enacted "connected
streets" policies so that new residential or mixed-use development projects have more than one
connection to neighboring retail, commercial or transportation centers.
Ultra-Urban Applicability
In urban areas, the street system is likely to be well established. However, some cities are finding
the need to modify existing street patterns to meet new needs. Charlotte, North Carolina, recently
added streets to the area surrounding a planned transit station to enhance circulation and multimodal connections.
Stormwater Management
Standard road design practice has been to make decisions about stormwater BMPs after the
roadway has already been designed. This not only limits options, but often focuses attention on
end-of-pipe treatment BMPs rather than in-line measures or preventive measures, which are
generally less expensive to build and maintain, and more effective at protecting water quality. For
new development or redevelopment of any part of a transportation system, stormwater
management features should be an integral part of the design, not 'add-on' features.
Stormwater Retrofit
Where possible, a street retrofit should take advantage of
opportunities to improve the drainage system or add structural and
non-structural BMPs to lessen the flow of stormwater volumes or
filter pollutants. This will require a new approach to street repair
and retrofits. Departments of Public Works and stormwater
engineers will need to consult with land use planners and site
designers on reducing volume and treating stormwater before
runoff enters the public conveyance system. In some areas, the
stormwater inlets can be retrofitted with trash separation and
filtration controls.
Siting and Design Considerations
Siting and Design Considerations

Portland's SW 12th Avenue
Green Street Retrofit project
(source: City of Portland)

Smart Growth street designs can be divided into two categories . street design in new projects and
modification of existing street patterns.
Street Design in New Projects
Smart growth street designs incorporated into new projects are typically part of an overall site
design that seeks to meet transportation, economic and multi-modal objectives. Though there is
not one set standard, street designs should meet the following objectives:
• support a mix of uses
• develop parking plans to optimize the number of spaces and layout for multi-modal connections
• incorporate features such as boulevard islands, rotary islands, parking lot islands, swales,
sidewalk tree and groundcover planters designed to capture, filter, and infiltrate runoff. These
features are often already incorporated as aesthetic amenities and for traffic calming purposes;
use them to manage stormwater as well
• integrate sidewalks, crosswalks, and traffic calming approaches to support bicycling, walking,
and automobile traffic
• design for shorter block lengths
• engineer narrower street widths to facilitate pedestrian crossings and moderate automobile
speed while meeting the needs of emergency responders
• provide access lanes, on-street parking and turning lanes to complement the land development
design, sidewalks and building setbacks
Once the underlying layout has been established, transportation and stormwater engineers can
look for additional strategies (e.g., pavers for low traffic areas) to further reduce stormwater volume
and pollutants.
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Separate stormwater sewers typically discharge runoff with little or no treatment into receiving
bodies. Thus, avoiding or minimizing the use of large collection and conveyance systems (i.e.,
standard curb and gutter) should be a goal of any project. Bio-retention and infiltration measures
should be standard components of any design manual.
Poorly draining soils do not have to preclude the use of these measures, as good designs and soil
amendments can facilitate some level of infiltrative capacity almost anywhere. In areas with
existing curb and gutter, and limited short-term options for major retrofits, the inlets and catch
basins of storm sewers in a smart growth development or redevelopment project might require
additional BMPs or design modifications.
Modification of Existing Streets
Local governments can use several methods to incorporate smart growth features and stormwater
benefits to existing streets. Some of these strategies will include:
• connecting disconnected streets, lanes and cul-de-sacs
• where a new street is impossible, adding paths to link housing and other uses,
• utilize unused streetscape to add public parking, increase the number of spaces, and introduce
bike lanes.
These strategies are often used in connection with site design features like tree planters and
vegetated bulb-outs. These features can be designed to handle and treat stormwater.
Design Variations
A connected system need not be a formal grid of streets. Often the connections are determined not
only by the street layout, but by linkages among activity centers (e.g., schools, jobs). In addition,
site planners might need to avoid introducing streets and hardscape in or around environmentally
sensitive land or water resources.
Limitations
The main benefit of smart growth street designs rests on the ability to support a higher level of
development intensity on a smaller footprint. This benefit manifests itself well at the regional and
neighborhood levels. Although most literature on stormwater management discourages "connected
impervious surfaces," local governments need to recognize that as part of an overall smart growth
design, "connected streets" confer stormwater benefits. The placement of intense and connected
development is not always appropriate in every part of a watershed. However, concentrating
growth and development in certain parts of the watershed in order to protect more sensitive areas,
such as headwaters, can be a viable strategy.
In addition, developers who are accustomed to a conventional, separate pattern of development
may resist new rules requiring connecting internal streets to neighboring projects, adding sidewalks
or introducing a mix of uses. Likewise, residents on unconnected streets may oppose efforts to
improve connections within existing neighborhoods.
Limitations to implementing innovative street designs might also occur within the stormwater
regulations themselves. Blanket regulations that require land set-asides, mandatory infiltration, or
swales can pose barriers to better site design. For example, mandated sizing requirements for
swales might consume land needed for connections to a higher intensity transit district. While
preserving these standards for certain parts of the watershed, incentives can be created for
alternative street designs by modifying stormwater management requirements in targeted areas. In
addition, there are reasonable, low maintenance, stormwater management measures that can be
used even in densely developed, highly impervious areas that result in very low runoff.
Finally, the street system alone will not bring about stormwater benefits. The relationship among
the street layout, the development plan, and existing activity centers is crucial for obtaining
stormwater benefits.
Maintenance Considerations
Even in circumstances where the overall surface area of a smart growth street layout results in less
impervious coverage, there are maintenance considerations.
Separate stormwater sewers typically discharge runoff with little or no treatment into receiving
bodies. Thus, typical maintenance considerations for curb and gutter designs include street
sweeping, catch basin cleaning, clearing blocked sewer lines, repairing and replacing failed pipes,
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and other aspects of maintaining buried, hard infrastructure. Maintenance of above ground bioretention/-infiltration features such as swales and infiltration trenches largely include vegetation
maintenance. Depending on locations and designs, removal of accumulated sediment and debris
is also usually necessary. Porous or pervious surface materials generally do not have additional
maintenance requirements. In-line and end-of-pipe commercial swirl or filter devices require
regular clean-out.
In northern climates, storing plowed snow from streets is a major consideration. Narrower streets
translate into less on-street snow, though multi-use streets (e.g. with parking on each side and
frequent intersections) requires advanced planning for snow storage. As with stormwater runoff,
snowmelt can carry pollutants and water volume, so techniques to filter pollutants and reduce the
velocity of melting snow are also important. Some communities are planning for storage by
designating park areas or infiltration strips for the handling and eventual release of collected snow
from streets.
All types of systems should have regular inspections to ensure they are functioning properly.
Effectiveness
The effectiveness of a smart growth street design can be at the street, neighborhood, and
watershed levels.
At the watershed level, the benefits of smart growth street designs for both redevelopment and
new development emerge from absorbing development demand on a smaller footprint. During
initial construction, less land disturbance results in less exposure and risk of sedimentation.
Quantitatively, the best management practices will be preventative in nature since development
takes place on a smaller area.
is a good example of how streets, the
The Atlantic Station redevelopment project
development plan, and stormwater control were considered in an integrated fashion. The 138
former steel mill site was planned to hold 15 million square feet of residential, office and retail
space. To assess the regional environmental benefits of the site, an alternative scenario of where
growth could occur in a greenfield location was developed. The Greenfield development scenario
reflected prevailing development and street patterns of the outlying area. Figure 2 illustrates site
runoff comparisons. The distinguishing feature of Atlantic Station is its smaller footprint.
The site designers also
separated the combined sewer
system serving the site and
installed pre-treatment BMPs for
runoff within the site. The first
office tower, 171 17th Street
Building, achieved a silver LEED
rating, which includes projectspecific stormwater benefits as
well.
By providing transportation
options, there can also be fewer
impacts related to eliminating or
shortening automobile trips. The
benefits of shrinking the footprint
of parking and better managing
existing streetspace are
straightforward, but watersheds
Figure 2 - Runoff characteristics between the site design for
also benefit from less tailpipeAtlantic Station and a hypothetical greenfield site with the same
related deposition and from
development use profile. All parameters were lower at Atlantic
devoting what was single use
Station than the greenfield site. (source: USEPA)
land development (parking) to
multi-use (shared parking and retail, for example). This efficiency also represents environmental
benefits.
Cost Considerations
The most basic cost calculation is a streetscape's surface area. Smart growth street designs can
involve more coverage per acre in a district, but far less on a subwatershed scale.
For redevelopment, retrofitting streets might include the costs of land acquisition, burying utilities,
and/or the complexities of negotiating with multiple landowners. In addition, the cost may not be
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limited to a single street, but rather require upgrades to several streets (and their storm sewers),
that can add costs.
For new development projects, costs might be higher in the planning and site preparation phases,
since the streets will be coordinated with the land use plan, with public space, and with surrounding
streets and arterials.
For both redevelopment and new development projects, installing sidewalks, curbs and gutters is
typically more expensive than the installation of the roadway itself.
References
For more information on the integration of smart growth and water quality, see
[http://www.epa.gov/smartgrowth].
CNU has published a literature review of street designs for traditional neighborhood design and
smart growth projects. This literature review will be used to support further work with the Institute of
Transportation Engineers on the subject, which should be published in 2005. For the literature
review, see [http://ite.org/bookstore/RP036.pdf [PDF - 19 KB - 5 pp]
].
The Institute for Transportation Engineers has developed two recommended practice guidelines:
"Traditional Neighborhood Development Street Design Guidelines" (1999) and "Neighborhood
Street Design Guidelines" (2003). These are available through ITE's bookstore at
].
[http://www.ite.org
The American Planning Association has issued a report, "Planning for Connectivity: Getting from
Here to There," Report PAS # 515. The report, written by Susan Handy, Robert Paterson and Kent
].
Butler, is available through APA's bookstore at [http://www.planning.org
Portland, Oregon is retrofitting its existing street system through a "Green Streets" Program. See
the Portland Bureau of Environmental Services home page at [http://www.portlandonline.com/bes/
].
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Vegetated buffers can be
used in any area able to
support vegetation. They
are most effective and beneficial on floodplains, near wetlands, along
streambanks, and on unstable slopes.
Siting and Design Considerations
To establish an effective vegetative buffer, follow these guidelines:
• Make sure soils are not compacted.
• Make sure slopes are less than 5 percent unless temporary erosion control
mats are also used.
• Determine buffer widths after carefully considering slope, vegetation, soils,
depth to impermeable layers, runoff sediment characteristics, type and
amount of pollutants, and annual rainfall.
• Make sure buffer widths increase as slope increases.
• Intermix zones of vegetation (native vegetation in particular), including
grasses, deciduous and evergreen shrubs, and understory and overstory
trees.
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• In areas where flows are concentrated and fast, combine buffer zones with
other practices such as level spreaders, infiltration areas, or diversions to
prevent erosion and rilling.
Limitations
Adequate land must be available for a vegetated buffer. If land cost is high,
buffer zones might not be cost-effective. In addition, adequate vegetative cover
must be maintained in the buffer to keep it effective. Vegetated buffers work well
with sheet flows, but they are not appropriate for mitigating concentrated
stormwater flows.
Maintenance Considerations
Keeping vegetation healthy in vegetated buffers requires routine maintenance.
Depending on species, soil types, and climatic conditions, maintenance can
include weed and pest control, mowing, fertilizing, liming, irrigating, and pruning.
Inspection and maintenance are most important when buffer areas are first
installed. Once established, vegetated buffers do not require maintenance
beyond the routine procedures and periodic inspections. Inspect them after
heavy rainfall and at least once a year. Focus on encroachment, gully erosion,
the density of the vegetation, evidence of concentrated flows through the areas,
and any damage from foot or vehicular traffic. If more than 6 inches of sediment
has accumulated, remove it.
Effectiveness
Several studies indicate greater than 90 percent reductions in sediment and
nitrate concentrations when vegetated buffers are used. Buffer/filter strips do a
reasonably good job of removing phosphorus attached to sediment, but they are
not so effective at removing dissolved phosphorus (Gilliam, 1994).
References
Gilliam, J.W. 1994. Reparian Wetlands and Water Quality. Journal of
Environmental Quality 23:896-900. Cited in Michigan Department of
Environmental Quality. 1998. Guidebook of Best Management Practices for
Michigan Watersheds. Michigan Department of Environmental Quality, Surface
Water Quality Division, Lansing, MI.
Nova Scotia Department of Agriculture and Fisheries. 2000. Awareness and
Communication Project Reports, Appendix E: Photographs[http://gov.ns.ca/nsaf/
]. Accessed December 1, 2005.
USEPA (U.S. Environmental Protection Agency). 1992. Stormwater Management
for Industrial Activities: Developing Pollution Prevention Plans and Best
Management Practices. EPA 832-R-92-006. U.S. Environmental Protection
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Vegetated filter strips (grassed filter strips, filter strips, and grassed filters) are
vegetated surfaces that are designed to treat sheet flow from adjacent surfaces.
Filter strips function by slowing runoff velocities and filtering out sediment and
other pollutants, and by providing some infiltration into underlying soils. Filter
strips were originally used as an agricultural treatment practice, and have more
recently evolved into an urban practice. With proper design and maintenance,
filter strips can provide relatively high pollutant removal. One challenge
associated with filter strips, however, is that it is difficult to maintain sheet flow,
so the practice may be "short circuited" by concentrated flows, receiving little or
no treatment.
Applicability
Filter strips are applicable in most regions, but are restricted in some situations
because they consume a large amount of space relative to other practices. Filter
strips are best suited to treating runoff from roads and highways, roof
downspouts, very small parking lots, and pervious surfaces. They are also ideal
components of the "outer zone" of a stream buffer (see Riparian/Forested Buffer
fact sheet), or as pretreatment to a structural practice. This recommendation is
consistent with recommendations in the agricultural setting that filter strips are
most effective when combined with another practice (Magette et al., 1989). In
fact, the most recent stormwater manual for Maryland does not consider the filter
strip as a treatment practice, but does offer stormwater volume reductions in
exchange for using filter strips to treat some of a site.
Regional Applicability
Filter strips can be applied in most regions of the country. In arid areas, however,
the cost of irrigating the grass on the practice will most likely outweigh its water
quality benefits.
Ultra-Urban Areas
Ultra-urban areas are densely developed urban areas in which little pervious
surface exists. Filter strips are impractical in ultra-urban areas because they
consume a large amount of space.
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Stormwater Hot Spots
Stormwater hot spots are areas where land use or activities generate highly
contaminated runoff, with concentrations of pollutants in excess of those typically
found in stormwater. A typical example is a gas station. Filter strips should not
receive hot spot runoff, because the practice encourages infiltration. In addition,
it is questionable whether this practice can reliably remove pollutants, so it
should definitely not be used as the sole treatment of hot spot runoff.
Stormwater Retrofit
A stormwater retrofit is a stormwater management practice (usually structural),
put into place after development has occurred, to improve water quality, protect
downstream channels, reduce flooding, or meet other specific objectives. Filter
strips are generally a poor retrofit option because they consume a relatively large
amount of space and cannot treat large drainage areas.
Cold Water (Trout) Streams
Some cold water species, such as trout, are sensitive to changes in temperature.
While some treatment practices, such as wet ponds (see Wet Ponds fact sheet),
can warm stormwater substantially, filter strips do not warm pond water on the
surface for long periods of time and are not expected to increase stormwater
temperatures. Thus, these practices are good for protection of cold-water
streams.
Siting and Design Considerations
Siting Considerations
In addition to the restrictions and modifications to adapting filter strips to different
regions and land uses, designers need to ensure that this management practice
is feasible at the site in question. The following section provides basic guidelines
for siting filter strips.
Drainage Area
Typically, filter strips are used to treat very small drainage areas. The limiting
design factor, however, is not the drainage area the practice treats but the length
of flow leading to it. As stormwater runoff flows over the ground's surface, it
changes from sheet flow to concentrated flow. Rather than moving uniformly over
the surface, the concentrated flow forms rivulets which are slightly deeper and
cover less area than the sheet flow. When flow concentrates, it moves too rapidly
to be effectively treated by a grassed filter strip. Furthermore, this concentrated
flow can lead to scouring. As a rule, flow concentrates within a maximum of 75
feet for impervious surfaces, and 150 feet for pervious surfaces (CWP, 1996).
Using this rule, a filter strip can treat one acre of impervious surface per 580-foot
length.
Slope
Filter strips should be designed on slopes between 2 and 6 percent. Greater
slopes than this would encourage the formation of concentrated flow. Except in
the case of very sandy or gravelly soil, runoff would pond on the surface on
slopes flatter than 2 percent, creating potential mosquito breeding habitat.
Soils /Topography
Filter strips should not be used on soils with a high clay content, because they
require some infiltration for proper treatment. Very poor soils that cannot sustain
a grass cover crop are also a limiting factor.
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Ground Water
Filter strips should be separated from the ground water by between 2 and 4 ft to
prevent contamination and to ensure that the filter strip does not remain wet
between storms.
Design Considerations
Filter strips appear to be a minimal design practice because they are basically no
more than a grassed slope. However, some design features are critical to ensure
that the filter strip provides some minimum amount of water quality treatment.
• A pea gravel diaphragm should be used at the top of the slope. The pea
gravel diaphragm (a small trench running along the top of the filter strip)
serves two purposes. First, it acts as a pretreatment device, settling out
sediment particles before they reach the practice. Second, it acts as a level
spreader, maintaining sheet flow as runoff flows over the filter strip.
• The filter strip should be designed with a pervious berm of sand and gravel at
the toe of the slope. This feature provides an area for shallow ponding at the
bottom of the filter strip. Runoff ponds behind the berm and gradually flows
through outlet pipes in the berm. The volume ponded behind the berm should
be equal to the water quality volume. The water quality volume is the amount
of runoff that will be treated for pollutant removal in the practice. Typical water
quality volumes are the runoff from a 1-inch storm or ½-inch of runoff over the
entire drainage area to the practice.
• The filter strip should be at least 25 feet long to provide water quality
treatment.
• Designers should choose a grass that can withstand relatively high velocity
flows and both wet and dry periods.
• Both the top and toe of the slope should be as flat as possible to encourage
sheet flow and prevent erosion.
Regional Variations
In cold climates, filter strips provide a convenient area for snow storage and
treatment. If used for this purpose, vegetation in the filter strip should be salttolerant, (e.g., creeping bentgrass), and a maintenance schedule should include
the removal of sand built up at the bottom of the slope. In arid or semi-arid
climates, designers should specify drought-tolerant grasses (e.g., buffalo grass)
to minimize irrigation requirements.
Limitations
Filter strips have several limitations related to their performance and space
consumption:
• The practice has not been shown to achieve high pollutant removal.
• Filter strips require a large amount of space, typically equal to the impervious
area they treat, making them often infeasible in urban environments where
land prices are high.
• If improperly designed, filter strips can allow mosquitos to breed.
• Proper design requires a great deal of finesse, and slight problems in the
design, such as improper grading, can render the practice ineffective in terms
of pollutant removal.
Maintenance Considerations
Filter strips require similar maintenance to other vegetative practices (see
Grassed Swales fact sheet). These maintenance needs are outlined below.
Maintenance is very important for filter strips, particularly in terms of ensuring
that flow does not short circuit the practice.
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Table 1. Typical maintenance activities for vegetated filter strips (Source: CWP,
1996)
Activity

Schedule

• Inspect pea gravel diaphragm for clogging and
remove built-up sediment.
• Inspect vegetation for rills and gullies and
correct. Seed or sod bare areas.
• Inspect to ensure that grass has established. If
not, replace with an alternative species.

Annual inspection (semiannual the first year)

• Remove sediment build-up within the bottom
when it has accumulated to 25% of the original
capacity.

Regular (infrequent)

Effectiveness
Structural stormwater management practices can be used to achieve four broad
resource protection goals. These include flood control, channel protection,
ground water recharge, and pollutant removal. The first two goals, flood control
and channel protection, require that a stormwater practice be able to reduce the
peak flows of relatively large storm events (at least 1- to 2-year storms for
channel protection and at least 10- to 50-year storms for flood control). Filter
strips do not have the capacity to detain these events, but can be designed with
a bypass system that routes these flows around the practice entirely.
Filter strips can provide a small amount of ground water recharge as runoff flows
over the vegetated surface and ponds at the toe of the slope. In addition, it is
believed that filter strips can provide modest pollutant removal. Studies from
agricultural settings suggest that a 15-foot-wide grass buffer can achieve a 50
percent removal rate of nitrogen, phosphorus, and sediment, and that a 100-foot
buffer can reach closer to 70 percent removal of these constituents (Desbonette
et al., 1994). It is unclear how these results can be translated to the urban
environment, however. The characteristics of the incoming flows are radically
different both in terms of pollutant concentration and the peak flows associated
with similar storm events. To date, only one study (Yu et al., 1992) has
investigated the effectiveness of a grassed filter strip to treat runoff from a large
parking lot. The study found that the pollutant removal varied depending on the
length of flow in the filter strip. The narrower (75-foot) filter strip had moderate
removal for some pollutants and actually appeared to export lead, phosphorus,
and nutrients (See Table 2).
Table 2. Pollutant removal of an urban vegetated filter strip (Source: Yu et al.,
1993)
Pollutant Removal (%)

Total suspended solids

75-Ft Filter Strip

150-Ft Filter Strip

54

84
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Nitrate+nitrite

-27

20

Total phosphorus

-25

40

Extractable lead

-16

50

Extractable zinc

47

55

Cost Considerations
Little data are available on the actual construction costs of filter strips. One rough
estimate can be the cost of seed or sod, which is approximately 30¢ per ft2 for
seed or 70¢ per ft2 for sod. This amounts to between $13,000 and $30,000 per
acre for a filter strip, or the same amount per impervious acre treated. This cost
is relatively high compared with other treatment practices. However, the grassed
area used as a filter strip may have been seeded or sodded even if it were not
used for treatment. In these cases, the only additional costs are the design,
which is minimal, and the installation of a berm and gravel diaphragm. Typical
maintenance costs are about $350/acre/year (adapted from SWRPC, 1991). This
cost is relatively inexpensive and, again, might overlap with regular landscape
maintenance costs.
The true cost of filter strips is the land they consume, which is higher than for any
other treatment practice. In some situations this land is available as wasted
space beyond back yards or adjacent to roadsides, but this practice is costprohibitive when land prices are high and land could be used for other purposes.
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Better Site Design Fact Sheet: Green Parking

Description
Green parking refers to several techniques applied together to reduce the contribution of parking lots to the
total impervious cover in a lot. From a stormwater perspective, application of green parking techniques in the
right combination can dramatically reduce impervious cover and consequently, the amount of stormwater
runoff. Green parking lot techniques include setting maximums for the number of parking lots created,
minimizing the dimensions of parking lot spaces, utilizing alternative pavers in overflow parking areas, using
bioretention areas to treat stormwater, encouraging shared parking and providing economic incentives for
structured parking.
Applicability
All of the techniques can be applied in new developments and some can be applied in redevelopment projects,
depending on the extent and parameters of the project. In urban areas, application of some of techniques like
encouraging shared parking and providing economic incentives for structured parking can be very practical
and necessary. Commercial areas can have excessively high parking ratios and application of green parking
techniques in various combinations can dramatically reduce impervious cover of a site.
Implementation
Many parking lots designs result in far more spaces than actually required. This problem is exacerbated by a
common practice of setting parking ratios to accommodate the highest hourly parking during the peak season.
By determining actual average parking demand instead, a maximum number of parking spaces can be set as
well. Table 1 provides examples of conventional parking requirements and compares them to average parking
demand.
Table 1. Conventional Minimum Parking Ratios
(Source: ITE, 1987; Smith, 1984; and Wells, 1994)
Parking Requirement
Land Use

Actual Average Parking
Demand

Parking Ratio

Typical
Range

Single family homes

2 spaces per dwelling unit

1.5 - 2.5

1.11 spaces per dwelling unit

Shopping center

5 spaces per 1000 ft2 GFA

4.0 - 6.5

3.97 per 1000 ft2 GFA

3.3 spaces per 1000 ft2 GFA

2.0 - 10.0

--

1 space per 1000 ft2 GFA

0.5 - 2.0

1.48 per 1000 ft2 GFA

5.7 spaces per 1000 ft2 GFA

4.5 - 10.0

4.11 per 1000 ft2 GFA

Convenience store
Industrial
Medical/ dental
office

GFA = Gross floor area of a building without storage or utility spaces.
Another green parking lot technique is to minimize the dimensions of the parking spaces. This can be
accomplished by reducing both the length and width of the parking stall. Parking stall dimensions can be
further reduced if compact spaces are provided. While the trend toward larger sport utility vehicles (SUVs) is
often cited as a barrier to implementing stall minimization technique, stall width requirements in most local
parking codes are much larger than the widest SUVs (CWP, 1998).
Utilizing alternative pavers is also an effective green parking technique. They can replace conventional asphalt
or concrete in both new developments and redevelopment projects. Alternative pavers can range from medium
to relatively high effectiveness in meeting stormwater quality goals. The different types of alternative pavers
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include gravel, cobbles, wood mulch, brick, grass pavers, turf blocks, natural stone, pervious concrete, and
porous asphalt. In general, alternate pavers require proper installation and more maintenance than
conventional asphalt or concrete. For more specific information on alternate pavers, refer to the Alternative
Pavers Fact Sheet.
Bioretention areas can effectively treat stormwater in a parking lot. Stormwater is directed into a shallow,
landscape area and temporarily detained. The runoff then filters down through the bed of the facility and is
infiltrated into the subsurface or collected into an underdrain pipe for discharge into a stream or another
stormwater facility. Bioretention facilities can be attractively integrated into landscaped areas and can be
maintained by commercial landscaping firms. For detailed design specifications of bioretention areas, refer to
the Bioretention Fact Sheet.
Shared parking in mixed use areas and structured parking are also green parking techniques that can further
reduce the conversion of land to impervious cover. A shared parking arrangement could include usage of the
same parking lot by an office space that experiences peak parking demand during the weekday with a church
that experience parking demands during the weekends and evenings. Costs may dictate the usage of
structure parking, but building upwards or downwards can help minimize surface parking.
Benefits
Applied together, the green parking techniques can effectively reduce the amount of impervious cover, help to
protect local streams, result in stormwater management cost savings, and visually enhance a site. Proper
design of bioretention areas can help meet stormwater management and landscaping requirements while
keeping maintenance costs at a minimum.
Limitations
Some limitations to applying green parking techniques include applicability, cost, and maintenance. For
example, shared parking is only practical in mixed use areas and structured parking may be limited by the cost
of land versus construction. Alternative pavers are currently only recommended for overflow parking because
of the considerable cost of maintenance and bioretention areas can be costly to construct.
The pressure to provide parking spaces can come from fear of complaints as well as requirements of bank
loans may. This may pressure developers to construct more parking than necessary and be a possible barrier
to providing the greenest parking lot possible.
Effectiveness
Utilizing green parking lots can dramatically reduce the amount of impervious cover created. The level of the
effectiveness depends on how much impervious cover is reduced as well as the combination of techniques
utilized to provide the greenest parking lot . While the pollutant removal rates of bioretention areas have not
been directly measured, it's capabilities is considered comparable to a dry swale which removes 91% of total
suspended solids, 67% of total phosphorous, 92% of total nitrogen, and 80-90% of metals (Claytor and
Schueler, 1996).
Cost Considerations
Setting maximums for parking spaces, minimizing stall dimensions, and encouraging shared parking can result
in considerable construction cost savings. At the same time all of the green parking techniques can also
reduce stormwater management costs. Bioretention areas costs about $6.40 per cubic foot of quality
treatment.
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Performance Criteria: Stormwater Filtering Systems

Stormwater filtering system capture and temporarily store the WQv and pass it through a filter bed of sand, organic matter, soil or other
media. Filtered runoff may be collected and returned to the conveyance system, or allowed to partially exfiltrate into the soil. Design
variants include:






Surface Sand Filter (Figure 1)
Underground Sand Filter (Figure 2)
Perimeter Sand Filter (Figure 3)
Organic Filter (Figure 4)
Bioretention (Figure 5)

This section presents criteria for:







Feasibility
Conveyance
Pretreatment
Treatment
Landscaping
Maintenance

A summary of the design criteria is provided in Table 1. The table separates required or minimum design elements from design criteria that
would act primarily as guidance.
Filtering systems should not be designed to provide stormwater detention (Qp) or channel protection (Cpv) except under extremely unusual
conditions. Filtering practices shall generally be combined with a separate facility to provide those controls. Filtering systems may be used
to meet the recharge requirement (Rev) if they are designed to exfiltrate into the soil.
For more information, consult "Design of Stormwater Filtering Systems," Center for Watershed Protection, 1996.

Table 1. Design Criteria: Filtering Systems
Required Elements

Guidance

Feasibility




Head requirements
Maximum drainage area
Best applied to highly impervious land uses.

Conveyance



Off-line design if delivered by
stormdrain
Overflow for ten-year storm
Flow regulator to divert WQv to the



practice
Underdrain




Pretreatment



Pretreatment volume
Pretreatment sizing

Treatment





Sizing methods
Minimum volume in practice
Filter bed depth
Filter media specifications





Typically cannot provide flood control or channel
protection
Filter depth

Landscaping



Contributing area stabilized
Landscaping plan for bioretention




Grass species guidance for grass-covered filters
Bioretention planting guidelines
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Maintenance





Sediment chamber outlet device repair
Sediment chamber sediment clean-out
Maintain drop at bioretention inlets
Access to pretreatment and filter bed




Maximum vegetation depth in sediment chamber
Mowing

Please note that judgement is needed to separate minimum design elements from guidance. When crafting a local or state design
manual, the jurisdiction will need to go through a process involving stakeholders to select which design elements are necessary in
all cases.
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Filtering Feasibility Criteria
Most stormwater filters normally require two to six feet of head. The perimeter sand filter (F-3), however, can be designed to function with
as little as one foot of head.
The maximum contributing area to an individual stormwater filtering system is usually less than 10 acres.
Sand and organic filtering systems are generally applied to land uses with a high percentage of impervious surfaces. Sites with
imperviousness less than 75% will require full sedimentation pretreatment techniques.

Filtering Conveyance Criteria
If runoff is delivered by a storm drain pipe or is along the main conveyance system, the filtering practice should be designed off-line.
An overflow should be provided within the practice to pass a percentage of the WQv to a stabilized water course. In addition, overflow for
the ten year storm should be provided to a non-erosive outlet point (i.e., prevent downstream slope erosion).
Consult Soil and Water Conservation Engineering (Schwab et al.) for data on erosive velocities.

A flow regulator (or flow splitter diversion structure) should be supplied to divert the WQv to the filtering practice.
Stormwater filters should be equipped with a minimum 4" perforated pipe underdrain (6" is preferred) in a gravel layer. A permeable filter
fabric should be placed between the gravel layer and the filter media (see design specifications - infiltration).
In cold climates, the diameter may be larger to prevent freezing.
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Filtering Pretreatment Criteria
Dry or wet pretreatment should be provided prior to filter media equivalent to at least 25% of the computed WQv. The typical
method is a sedimentation basin that has a length to width ratio of 2:1. The Camp-Hazen equation is used to compute the required surface
area for sand and organic filters requiring full sedimentation for pretreatment (WSDC, 1992) as follows:
The required sedimentation basin area is computed using the following equation:
As = (Qo/W) = Ln (1-E)
where:
As = Sedimentation basin surface area (ft2)
E = sediment trap efficiency (use 90%)
W = particle settling velocity (ft/sec)
use 0.0004 ft/sec for imperviousness (I) 75%
use 0.0033 ft/sec for I > 75%
Qo = Discharge rate from basin = (WQv/24 hr)
Equation reduces to:
As = (0.066) (WQv) ft2 for I 75%
As = (0.0081) (WQv) ft2 for I > 75%
Note: Different specific design equations may be used to size these practices.

Adequate pretreatment for bioretention systems is provided when all of the following are provided: (a) grass filter strip below a level
spreader, (b) gravel diaphragm and (c) a mulch layer.
In this regard, bioretention systems are fundamentally different from other filtering practices.

Filtering Treatment Criteria
The entire treatment system (including pretreatment) should temporarily hold at least 75% of the WQv prior to filtration.
The filter media should consist of a medium sand (meeting ASTM C-33 concrete sand). Media used for organic filters may consist of
peat/sand mix or leaf compost. Peat should be a reed-sedge hemic peat.
The filter bed typically has a minimum depth of 18". The perimeter filter may have a minimum filter bed depth of 12".
Most filtering practices cannot provide stormwater detention or downstream channel protection (Qp and Cpv) under most site conditions.
The filter area for sand and organic filters should be sized based on the principles of Darcy's Law. A coefficient of permeability (k) should
be used as follows:





Sand: 3.5 ft/day (City of Austin 1988)
Peat: 2.0 ft/day (Galli 1990)
Leaf compost: 8.7 ft/day (Claytor and Schueler, 1996)
Bioretention Soil: 0.5 ft/day (Claytor and Schueler, 1996)

Bioretention systems should consist of the following treatment components: A four foot deep planting soil bed, a surface mulch layer, and a
6" deep surface ponding area.
The required filter bed area is computed using the following equation
Af = (WQv) (df) / [ (k) (hf + df) (tf)] where
Af = Surface area of filter bed (ft2)
df = filter bed depth (ft)
k = coefficient of permeability of filter media (ft/day)
hf = average height of water above filter bed (ft)
tf = design filter bed drain time (days)
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(1.67 days or 40 hours is recommended maximum for sand filters, 48 hours for bioretention)
Note that communities use varying design methods. For more information, consult "Design of Stormwater Filtering Systems,"
Center for Watershed Protection, 1996.

Filtering Landscaping Criteria

A dense and vigorous vegetative cover should be established over the contributing pervious drainage areas before runoff can be
accepted into the facility.
Surface filters can have a grass cover to aid in the pollutant adsorption. The grass should be capable of withstanding frequent periods of
inundation and drought.
Landscaping is critical to the performance and function of bioretention areas. Therefore, a landscaping plan must be provided for
bioretention areas.
Planting recommendations for bioretention facilities are as follows:






Native plant species should be specified over non-native species.
Vegetation should be selected based on a specified zone of hydric tolerance.
A selection of trees with an understory of shrubs and herbaceous materials should be provided.
Woody vegetation should not be specified at inflow locations.
Trees should be planted primarily along the perimeter of the facility.
The manual should include plant lists appropriate for your region.
Filtering Maintenance Criteria

Sediment should be cleaned out of the sedimentation chamber when it accumulates to a depth of more than six inches.
Vegetation within the sedimentation chamber shall be limited to a height of 18 inches. The sediment chamber outlet devices shall
be cleaned/repaired when drawdown times exceed 36 hours. Trash and debris shall be removed as necessary.
Silt/sediment shall be removed from the filter bed when the accumulation exceeds one inch. When the filtering capacity of the
filter diminishes substantially (i.e., when water ponds on the surface of the filter bed for more than 48 hours), the top few inches
of discolored material shall be removed and shall be replaced with fresh material. The removed sediments should be disposed in
an acceptable manner (i.e., landfill).
Organic filters or surface sand filters that have a grass cover should be mowed a minimum of 3 times per growing season to maintain
maximum grass heights less than 12 inches.
A stone drop of at least six inches shall be provided at the inlet of bioretention facilities (F-6) (pea gravel diaphragm). Areas
devoid of mulch should be re-mulched on an annual basis. Dead or diseased plant material shall be replaced.
Direct maintenance access shall be provided to the pretreatment area and the filter bed.
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Stormwater Management Fact Sheet: Dry Extended Detention Pond

Description
Dry extended detention ponds (a.k.a. dry ponds, extended detention basins, detention ponds, extended
detention ponds) are basins whose outlets are designed to detain the stormwater runoff from a water quality
"storm" for some minimum duration (e.g., 24 hours) which allow sediment particles and associated pollutants
to settle out. Unlike wet ponds, dry extended detention ponds do not have a permanent pool. However, dry
extended detention ponds are often designed with small pools at the inlet and outlet of the pond, and can also
be used to provide flood control by including additional detention storage above the extended detention level.
Applicability
Dry extended detention ponds are among the most widely applicable stormwater treatment practice. While
they may not always be applicable in highly urban watersheds, they have few other restrictions.
Regional Applicability
Dry extended detention ponds can be applied in all regions of the United States. Some minor design
modifications are needed in cold or arid climates or in regions with karst topography, however.
Ultra Urban Areas
Ultra urban areas are densely developed urban areas in which little pervious surface exists. It is difficult to use
dry extended detention ponds in the ultra urban watershed because of the land area each pond consumes.
They can, however, be used in these environments if a relatively large area is available downstream of the
site.
Stormwater Hotspots
Stormwater hotspots are land use or activities which generate highly contaminated runoff, that have pollutant
concentrations far in excess of those typically found in stormwater. Dry extended detention ponds can accept
runoff from stormwater hotspots, but need significant separation from groundwater when used for this purpose.
Stormwater Retrofit
A stormwater retrofit is a stormwater management practice (usually structural) put into place after development
has occurred, to improve water quality, protect downstream channels, reduce flooding, or meet other
watershed restoration objectives. Dry extended detention ponds are very useful stormwater retrofits and have
two primary applications as a retrofit design. In many communities, detention basins have been designed for
flood control in the past. It is possible to modify these basins to incorporate features that encourage water
quality control, and/or channel protection. It is also possible to construct new dry extended detention ponds in
open areas of a watershed to capture existing drainage, or create them above a road crossing or culvert.
Cold Water (Trout) Streams
A study in Maryland indicated that dry extended detention ponds can slightly increase stream temperatures
(Galli, 1990). Overall, dry extended detention ponds increased temperature by about 5 F in the summer
months. In cold water streams, dry extended detention ponds should be designed to detain stormwater for a
relatively short time (i.e., less than twelve hours) to minimize the potential amount of stream warming that
occurs in the practice.
Siting and Design Considerations
Siting Considerations
While dry extended detention ponds have broad applications, designers need to ensure that they are feasible
at an individual site. The following section provides basic guidelines for locating dry extended detention ponds.
Drainage Area
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In general, dry extended detention ponds should be used at sites with a minimum drainage area of ten acres.
On smaller sites, it may be difficult to provide channel or water quality control because the orifice diameter at
the outlet becomes very small, and is thus prone to clogging. In addition, it is generally more cost-effective to
control larger drainage areas due to the economies of scale in pond construction (see Cost Considerations).
Slope
Dry extended detention ponds can be used on sites with slopes up to about 15%. The local slope needs to be
relatively flat, however, in order to maintain reasonably flat side slopes. While there is no minimum slope
requirement, enough elevation drop is needed from the pond inlet to the pond outlet to ensure that flow can
move through the system.
Soils /Topography
Extended detention ponds can be used in almost all soils and geology, with minor design adjustments for
regions of karst (i.e., limestone) topography or in rapidly percolating soils such as sand. In these areas,
extended detention ponds should be designed with an impermeable liner to prevent groundwater
contamination or sinkhole formation.
Groundwater
Except for the case of hotspot runoff, the only consideration regarding groundwater is that the base of the
extended detention facility should not intersect the groundwater table. A permanently wet bottom may become
a mosquito breeding ground. Research in Southwest Florida demonstrated that intermittently flooded systems,
such as dry extended detention ponds, produce more mosquitos than other pond systems (Santana et al.,
1994), particularly when the facilities remained dry for more than three days following heavy rainfall.
Design Considerations
Specific pond designs may vary considerably, depending on site constraints or preferences of the designer or
community. There are some features, however, that should be incorporated into most dry extended detention
pond designs. These design features can be divided into five basic categories: pretreatment, treatment,
conveyance, maintenance reduction, and landscaping (for more information see Manual Builder Category for
more information).
Pretreatment
Pretreatment is intended to capture and remove coarse sediment particles before they enter the practice.
Maintenance burden of the pond is reducedwhen these particles are removed from runoff before they reach
the pool. In ponds, pretreatment is achieved with a sediment forebay. A sediment forebay is a small pool
(typically about 10% of the volume of water to be treated for pollutant removal).
Treatment
Treatment features help enhance the ability of a dry extended detention pond to remove pollutants. Designing
dry extended detention ponds with a high length to width ratio (i.e., at least 1.5:1) and incorporating other
design features to maximize the flow path effectively increases the detention time in the system by eliminating
the potential of flow to short circuit the pond. Designing ponds with relatively flat side slopes can also help to
lengthen the effective flow path. Finally, the pond should be sized to detain the volume of runoff to be treated
for between 12 and 48 hours.
Conveyance
Conveyance of stormwater runoff into and through a stormwater treatment practice is a critical component of
stormwater design. Stormwater should be conveyed to and from dry extended detention ponds safely and to
minimize erosion potential. The outfall of dry extended detention ponds should always be stabilized to prevent
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scour. In order to convey low flows through the dry extended detention ponds, designers should provide a pilot
channel. A pilot channel is a surface channel should be used to convey low flows through the pond. In
addition, an emergency spillway should be provided to safely convey large flood events. In order to prevent
stream warming, designers should provide shade around the pilot channel and the pond outlet.
Maintenance Reduction
In addition to regular maintenance activities needed to maintain the function of dry extended detention ponds.
Several design features can ease the maintenance burden associated with a practice. In dry extended
detention ponds, a "micropool" at the outlet can prevent resuspension of sediment and outlet clogging. A good
design also includes maintenance access to the forebay and micropool.
Another design feature that can reduce maintenance needs is a non-clogging outlet pipe. Typical examples
include a reverse-slope pipe, or a weir outlet with a trash rack. A reverse slope pipe draws from below the
permanent pool extending in a reverse angle up to the riser and determines the water elevation of the
micropool. Because these outlets draw water from below the level of the permanent pool, they are less likely to
be clogged by floating debris.
Landscaping
Designers should maintain a vegetated buffer around the pond, and should select plants within the extended
detention zone (i.e., the portion of the pond up to the elevation where stormwater is detained) that can
withstand both wet and dry periods. The side slopes of dry ponds should be relatively flat to reduce safety
risks.
Design Variations
Dry Detention Ponds
Detention ponds are similar in design to extended detention ponds, except that they do not incorporate
features to improve water quality. In particular, these practices do not detain stormwater from small flow
events. Therefore, detention ponds provide almost no pollutant removal. However, dry ponds can help to meet
flood control, and sometimes channel protection, objectives in a watershed.
Tank Storage
Another variation of the dry detention pond design is the use of tank storage. In these designs, stormwater
runoff is conveyed to large storage tanks or vaults underground. This practice is most often used in the ultra
urban environment, on small sites where sites since underground storage tends to be expensive. Since
drainage areas contributing to tank storage are typically small, the outlet diameter needed to reduce the flow
from very small storms tends to be very small. A very small outlet diameter, combined with the tanks being
underground, creates the potential for debris being caught in the outlet, and resulting maintenance problems.
Regional Variations
Arid or Semi-Arid Climates
In arid and semi-arid regions, some modifications may be needed to conserve scarce water resources. Any
landscaping plans should prescribe drought-tolerant vegetation wherever possible. In addition, the wet forebay
may be replaced with an alternative form of pretreatment, such as a dry sediment chamber. In regions which
have distinct wet and dry seasons, regional extended detention ponds can be designed to act as a recreation
area such as a ball field during the dry season.
Cold Climates
In cold climates, some additional design features are needed to treat the spring snowmelt. One such
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modification is to increase the volume available for detention to help treat this relatively large runoff event. In
some cases, dry ponds may be an option as a snow storage facility to promote some treatment of plowed
snow. If a pond is used to treat road runoff, or is used for snow storage, landscaping should incorporate salt
tolerant species. Finally, sediment removal from the forebay may need to be completed more frequently than
in warmer climates (see Maintenance Consideration for guidelines) to account for sediment deposited as a
result of road sanding.
Limitations
While dry extended detention ponds are widely applicable, they have some limitations that may make other
stormwater management options preferable. Some limitations include:





Dry extended detention ponds may become a nuisance due to mosquito breeding
Habitat destruction may occur during construction, if the practice is designed in-stream or within the
stream buffer.
While wet ponds can increase property values, dry ponds can actually detract from the value of a home
(see Cost Considerations).
Dry extended detention ponds have only moderate pollutant removal when compared to other structural
stormwater practices, and are ineffective at removing soluble pollutants (see Effectiveness).

Maintenance Considerations
In addition to incorporating features into the pond design to minimize maintenance, some regular maintenance
and inspection practices are needed. The table below outlines some of these practices.

Table 1. Typical Maintenance Activities for Dry Ponds
(Source: Modified from WMI, 1997)
Activity


Note erosion of pond banks or bottom



Inspect for damage to the embankment
Monitor for sediment accumulation in the facility and forebay.
Examine to ensure that inlet and outlet devices are free of debris
and operational






Repair undercut or eroded areas
Mow side slopes
Pesticide/ Nutrient management
Litter/ Debris Removal



Seed or sod to restore dead or damaged ground cover.



Removal of sediment form the forebay



Monitor sediment accumulations, and remove sediment when the
pond volume has been reduced by 25%..





Schedule
Semi-Annual
Inspection
Annual
Inspection

Standard
Maintenance

Annual
Maintenance
(As needed)
5 to 7 year
Maintenance
25 to 50 year
Maintenance

Effectiveness
Structural management practices can be used to achieve four broad resource protection goals. These include:
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Flood Control, Channel Protection, Groundwater Recharge, and Pollutant Removal (for more information, see
Manual Builder Category). Dry extended detention basins can provide flood control, channel protection, and
some pollutant removal.
Flood Control
One objective of stormwater treatment practices can be to reduce the flood hazard associated with large storm
events by reducing the peak flow associated with these storms. Dry extended detention basins can easily be
designed for flood control, and this is actually the primary purpose of most extended detention ponds in the
ground today.
Channel Protection
One result of urbanization is channel erosion caused by increased stormwater runoff. Traditionally, dry
extended detention basins have been designed to provide control of the two-year storm (i.e., the storm that
occurs, on average, once every two years). It appears that this design storm has not been effective in
preventing channel erosion, and recent research suggests that control of a smaller storm may be more
appropriate (MacRae, 1996). Choosing a smaller design storm (one-year) and providing longer detention time
(12 to 24 hours) is now thought to be the best method to reduce channel erosion.
Pollutant Removal
Dry extended detention basins provide moderate pollutant removal, provided that the design features
described in the Siting and Design section are incorporated. While they can be effective at removing some
pollutants through settling, they are less effective at removing soluble pollutants due to the absence of a
permanent pool. A few studies are available on the effectiveness of dry extended detention ponds. Typical
removal rates, as reported by Winer (2000) are:
Table 2. Pollutant Removal Efficiency of Dry Extended Detention
Ponds
(Winer, 2000)
Pollutant
Removal Rate (%)
TSS
61±321
TP
TN
NOx
Metals
Bacteria

20±13
31±16
-2±23
29-54
782

1: ± values represent one standard deviation
2: Data based on less than five data points

There is considerable variability in the effectiveness of ponds, and it is believed that properly designing and
maintaining ponds may help to improve their performance. The siting and design criteria presented in this
sheet reflect the best current information and experience to improve the performance of wet ponds. A recent
joint project between the American Society of Civil Engineers (ASCE) and the US EPA Office of Water may
help to isolate specific design features that can improve performance. The National Stormwater Best
Management Practice (BMP) database is a compilation of stormwater practices which includes both design
information and performance data for various practices. As the database expands, inferences about the extent
to which specific design criteria influence pollutant removal may be made. For more information on this
database, access the ASCE web page at http://www.asce.org.

Cost Considerations
Dry extended detention ponds are the least expensive stormwater treatment practice, on a cost per unit area
treated. The construction costs associated with these facilities range considerably. One recent study evaluated
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the cost of all pond systems (Brown and Schueler, 1997). Adjusting for inflation, the cost of dry extended
detention ponds can be estimated with the equation:
C = 12.4V0.760
Where:
C = Construction, Design and Permitting Cost
V = Volume needed to control the 10-year storm (cubic feet)
Using this equation, a typical construction costs are:
$ 41,600 for a 1 acre-foot pond
$ 239,000 for a 10 acre-foot pond
$ 1,380,000 for a 100 acre-foot pond
Interestingly, these costs are generally slightly higher than the cost of wet ponds on a cost per total volume
basis. Dry extended detention ponds are generally less expensive on a given site, however, because they are
usually smaller than a wet pond design for the same site.
Ponds do not consume a large area compared to the total area treated (typically 2-3% of the contributing
drainage area). It is important to note, however, that each pond is generally large. Other practices, such as
filters or swales, may be "squeezed in" in relatively unusable land, but ponds need a relatively large
continuous area.
For ponds, the annual cost of routine maintenance is typically estimated at about 3 to 5% of the construction
cost. Alternatively, a community can estimate the cost of the maintenance activities outlined in the
maintenance section. Finally, ponds are long-lived facilities (typically longer than 20 years). Thus, the initial
investment into ponds systems may be spread over a relatively long time period.
Another economic concern associated with dry ponds is that they may slightly detract from the value of
adjacent properties. One study found that dry ponds can actually detract from the perceived value of homes
adjacent to a dry pond by between three and ten percent (Emmerling-Dinovo, 1995).
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Stormwater Management Fact Sheet: Porous Pavement
Description
Porous pavement is a permeable pavement surface with an underlying stone reservoir that temporarily stores
surface runoff before infiltrating into the subsoil. This porous surface replaces traditional pavement, allowing
parking lot runoff to infiltrate directly into the soil and receive water quality treatment. There are several
pavement options, including porous asphalt, pervious concrete, and grass pavers. Porous asphalt and
pervious concrete appear the same as traditional pavement from the surface, but are manufactured without
"fine" materials, and incorporate void spaces to allow infiltration. Grass pavers are concrete interlocking blocks
or synthetic fibrous grid systems with open areas designed to allow grass to grow within the void areas. Other
alternative paving surfaces can help reduce the runoff from paved areas but do not incorporate the stone
trench for temporary storage below the pavement (see the Green Parking Fact Sheet). While porous
pavement has the potential to be a highly effective treatment practice, maintenance has been a concern in
past applications of the practice.
Application
The ideal application for porous pavement is to treat a low traffic or overflow parking area. Porous pavement
may also have some application on highways, where it is currently used as a surface material to reduce
hydroplaning (see the Bridge and Roadway Maintenance Fact Sheet).
Regional Applicability
Porous pavement can be applied in most regions of the country, but the practice has unique challenges in cold
climates. Porous pavement cannot be used where sand is applied to the pavement surface because the sand
will clog the surface of the material. Care also needs to be taken when applying salt to a porous pavement
surface since chlorides from road salt may migrate into the groundwater. For block pavers such as
"grasscrete©," plowing may be challenging because the edge of the snow plow blade can catch the edge of the
blocks, damaging the surface. This is not to say that it is impossible to use porous pavement in cold climates.
Porous pavement has been used successfully in Norway (Stenmark, 1995), incorporating design features to
reduce frost heave. Furthermore, some experience suggests that snow melts faster on a porous surface
because of rapid drainage below the snow surface (Cahill Associates, 1993). Another concern in cold climates
is that infiltrating runoff below pavement may cause frost heave, although design modifications can reduce this
risk.
Ultra Urban Areas
Ultra urban areas are densely developed urban areas in which little pervious surface exists. Porous pavement
is a good option for these areas because they consume no land area. They are not ideal for high traffic areas,
however, because of the potential for failure due to clogging (Galli, 1992).
Stormwater Hotspots
Stormwater hotspots are areas where land use or activities generate highly contaminated runoff, with
concentrations of pollutants in excess of those typically found in stormwater. These areas include: commercial
nurseries, auto recycle facilities, commercial parking lots, fueling stations, feet storage areas, industrial
rooftops, marinas, outdoor container storage of liquids, outdoor loading/unloading facilities, public works
storage areas, hazardous materials generators (if containers are exposed to rainfall), vehicle service and
maintenance areas, and vehicle and equipment washing/steam cleaning facilities. Since porous pavement is
an infiltration practice, it should not be applied on stormwater hotspots due to the potential for groundwater
contamination.
Stormwater Retrofit
A stormwater retrofit is a stormwater management practice installed after development has occurred, to
improve water quality, protect downstream channels, reduce flooding, or meet other watershed restoration
objectives. Since porous pavement can only be applied to relatively small sites, use porous pavement as a
primary or widespread method for watershed retrofitting would be expensive. The best application of porous
pavement for retrofits is on individual sites where a parking lot is being resurfaced.
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Cold Water (Trout) Streams
Porous pavement can help to reduce the increased temperature commonly associated with increased
impervious cover. Stormwater runoff ponds on the surface of conventional pavement, and is subsequently
heated by the sun and hot pavement surface. By rapidly infiltrating rainfall, porous pavement can reduce the
time that stormwater is exposed to the sun and heat.
Siting and Design Considerations
Siting Considerations
Porous pavement has site constraints as other infiltration practices (see Infiltration Trench Fact Sheet). A
potential porous pavement site needs to meet the following criteria:







Soils need to have a permeability between 0.5 and 3.0 inches per hour.
The bottom of the stone reservoir should be completely flat so that infiltrated runoff will be able to
infiltrate through the entire surface.
Porous pavement should be located at least 2 to 5 feet above the seasonally high groundwater table,
and at least 100 feet away from drinking water wells.
Porous pavement should be located only on low traffic or overflow parking areas, which are expected to
be not sanded during wintertime conditions.

Design Considerations
Five basic features should be incorporated into all porous pavement practices: pretreatment, treatment,
conveyance, maintenance reduction, and landscaping (for more information see the Manual Builder Category).
Pretreatment
In most porous pavement designs, the pavement itself acts as pretreatment to the stone reservoir below.
Because the surface serves this purpose, frequent maintenance of the pavement surface is critical to prevent
clogging. Another pretreatment element is a fine gravel layer above the coarse gravel treatment reservoir. The
effectiveness of both of these pretreatment measures are marginal, which is one reason frequent vacuum
sweeping is needed to keep the surface clean.
One design option incorporates an "overflow edge," which is a trench surrounding the edge of the pavement.
The trench connects to the stone reservoir below the surface of the pavement. Although this feature does not
in itself reduce maintenance requirements, it acts as a backup in case the surface clogs. If the surface clogs,
stormwater will flow over the surface and into the trench, where some infiltration and treatment will occur.

Treatment
The stone reservoir below the pavement surface should be composed of layers of small stone directly below
the pavement surface, and the stone bed below the permeable surface should be sized to attenuate storm
flows for the storm event to be treated. Typically, porous pavement is sized to treat a small event, such as the
water quality storm (i.e., the storm that will be treated for pollutant removal) which can range from 0.5" to 1.5".
Like infiltration trenches, water can only be stored in the void spaces of the stone reservoir.
Conveyance
Water is conveyed to the stone reservoir through the surface of the pavement, and infiltrates into the ground
through the bottom of this stone reservoir. A geosynthetic liner and sand layer should be placed below the
stone reservoir to prevent preferential flow paths and to maintain a flat bottom. Designs also need some
method to convey larger storms to the storm drain system. One option is to set storm drain inlets slightly above
the surface elevation of the pavement. This allows for temporary ponding above the surface if the surface
clogs, but bypasses larger flows that are too large to be treated by the system.
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Maintenance Reduction
One non-structural component that can help ensure proper maintenance of porous pavement is the use of a
carefully worded maintenance agreement that provides specific guidance to the parking lot, including how to
conduct routine maintenance, and how the surface should be repaved. Ideally, signs should be posted on the
site identifying porous pavement areas.
Landscaping
The most important landscaping objective for porous pavements is to ensure that its drainage area is fully
stabilized, thereby preventing sediment loads from clogging the pavement.
Design Variations
Treat Other Sources
In one design variation, the stone reservoir below the filter can also treat runoff from other sources such as
rooftop runoff. In this design, pipes are connected to the stone reservoir to direct flow throughout the bottom of
the storage reservoir (Cahill Associates, 1993; Schueler, 1987). If used to treat off-site runoff, porous
pavement should incorporate pretreatment, as with all structural management practices.
Regional Adaptations
In cold climates, the base of the stone reservoir should extend below the frost line to reduce the risk of frost
heave.
Limitations
In addition to the relatively strict site constraints for porous pavement, a major limitation to the practice is the
poor failure rate it has experienced in the field. Several studies indicate that, with proper maintenance, porous
pavement can retain its permeability (e.g., Goforth et al., 1983; Gburek and Urban, 1980; Hossain and
Scofield, 1991). When porous pavement has been implemented in communities, however, the failure rate has
been as high as 75% over two years (Galli, 1992).
Maintenance
Porous pavement requires extensive maintenance compared with other practices. In addition to owners not
being aware of porous pavement on a site, not performing these maintenance activities is the chief reason for
failure of this practice. Typical requirements follow below:
Table 1. Typical Maintenance Activities for Porous Pavement
(Source: WMI, 1997)
Activity
Schedule


Avoid sealing or repaving with non-porous
materials



Ensure that paving area is clean of debris
Ensure that paving dewaters between storms
Ensure that the area is clean of sediments









Mow upland and adjacent areas, and seed bare
areas
Vacuum Sweep frequently to keep the surface
free of sediment
(Typically three to four times per year)

N/A

Monthly

As needed
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Annual

Inspect the surface for deterioration or spalling

Effectiveness
Porous pavement can be used to provide groundwater recharge and to reduce pollutants in stormwater runoff.
Some data suggest that as much as 70% to 80% of annual rainfall will go toward groundwater recharge
(Gburek and Urban, 1980). These data will vary depending on design characteristics and underlying soils.
They both suggest high pollutant removal, although it is difficult to extract these results to all applications of the
practice.
Table 2. Pollutant Removal of Porous Pavement (%) Winer (2000)
Pollutant
Pollutant Removal (%)1
TSS
TP
TN
NOx
Metals
Bacteria

95
65
82
NA
98 - 99
NA

1: Data based on fewer than five data points

Cost Considerations
Porous pavement is significantly more expensive than traditional asphalt. While traditional asphalt is
approximately 50¢ to $1.00 per square foot, porous pavement can range from $2 to $3 per square foot,
depending on the design (CWP, 1998; Schueler, 1987). Subtracting the cost of traditional pavement, this
amounts to approximately $45,000 and $100,000 per impervious acre treated, which would be quite
expensive. On the other hand, porous pavement can create savings in terms of storm drain costs and land
consumption. In addition, the cost of vacuum sweeping may be substantial if a community does not already
perform vacuum sweeping operations.
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CMP DETENTION SYSTEMS

CMP Detention Installation Guide
Proper installation of a ﬂexible underground detention system
will ensure long-term performance. The conﬁguration of these
systems often requires special construction practices that differ
from conventional ﬂexible pipe construction. CONTECH strongly
suggests scheduling a pre-construction meeting with your local
Sales Engineer to determine if additional measures, not covered
in this guide, are appropriate for your site.

Foundation
Construct a foundation that can support the design loading
applied by the pipe and adjacent backﬁll weight as well as
maintain its integrity during construction.
If soft or unsuitable soils are encountered, remove the poor soils
down to a suitable depth and then build up to the appropriate
elevation with a competent backﬁll material. The structural ﬁll
material gradation should not allow the migration of ﬁnes, which
can cause settlement of the detention system or pavement above.
If the structural ﬁll material is not compatible with the underlying
soils an engineering fabric should be used as a separator. In
some cases, using a stiff reinforcing geogrid reduces over
excavation and replacement ﬁll quantities.
Geogrid Used to Reduce
the Amount of Undercut

Geogrid Wasn't Used
Cover
Backfill

Embankment

Using an open-graded bedding material is acceptable; however,
an engineering fabric separator is required between the base and
the subgrade.
Grade the base to a smooth, uniform grade to allow for the
proper placement of the pipe.

In-Situ Trench Wall
If excavation is required, the trench wall needs to be capable of
supporting the load that the pipe sheds as the system is loaded.
If soils are not capable of supporting these loads, the pipe can
deﬂect. Perform a simple soil pressure check using the applied
loads to determine the limits of excavation beyond the spring line
of the outer most pipes.
In most cases the requirements for a safe work environment
and proper backﬁll placement and compaction take care of this
concern.

Backﬁll Material
Typically, the best backﬁll material is an angular, well-graded,
granular ﬁll meeting the requirements of AASHTO A-1, A-2 or A3. In some cases, it may be desirable to use a uniformly graded
material for the ﬁrst 18- to 24-inches. The maximum particle size
should not exceed ¾ inch. This type of material is easier to place
under the haunches of the pipe and requires little compactive
effort. Depending on the bedding material, a separation
geotextile might be required above and below these initial lifts.

Bedding

Live Load

Backfill – well graded
3/4" granular and smaller

Min. Cover

Geogrid

Undercut and Replace
Unsuitable Soils

Grade the foundation subgrade to a uniform or slightly sloping
grade. If the subgrade is clay or relatively non-porous and the
construction sequence will last for an extended period of time,
it is best to slope the grade to one end of the system. This will
allow excess water to drain quickly, preventing saturation of the
subgrade.

Bedding
A 4 to 6-inch thick, well-graded, granular material is the
preferred pipe bedding. If construction equipment will operate
for an extended period of time on the bedding, use either an
engineering fabric or a stiff geogrid to ensure the base material
maintains its integrity.
Embankment
Bedding–well graded
3/4" granular and smaller
1/2" per foot of cover or
4" minimum

In-situ
trenchwall

Embankment

Geotextile Separation
(above and below
bedding) with
uniformly graded
bedding layer.

Bedding – uniformly graded

Open-graded ﬁll is typically not used beyond the initial 18- to 24inches because this type of ﬁll often does not provide adequate
conﬁning restraint to the pipes. If a uniformly graded material
(particles all one size) is used, install a geotextile separation fabric
to prevent the migration of ﬁnes into the backﬁll.
Backﬁll using controlled low-strength material (CLSM or
“ﬂowable ﬁll”) when the spacing between the pipes will not
allow for placement and adequate compaction of the backﬁll.
Work closely with the local CONTECH Sales Engineer regarding
the special installation techniques required when using CLSM.

Backﬁll Placement
Place backﬁll in 8-inch loose lifts and compact to 90% AASHTO
T99 standard proctor density. Backﬁll in a balanced manner
making sure that no more than a two-lift differential is present
from one pipe side to the other. Backﬁlling at differential heights
from one side of the pipe to the other in excess of 16” can cause

2

pipe distortions or potential pipe collapse. Advance balanced
lifts across the width of the system evenly along the length of the
detention system as you backﬁll.
Maximum Unbalance Limited
to 2 lifts (approx. 16")

Pipe
PipeAA

Pipe B

Pipe C

Pipe D

Embankment

Bedding

Construction Loading
Typically, the minimum cover speciﬁed for a project assumes
H-20 live load. Because construction loads often exceed design
live loads, increased temporary minimum cover requirements
are necessary. Since construction equipment varies from job
to job, it is best to address equipment speciﬁc minimum cover
requirements with your local CONTECH Sales Engineer during
your pre-construction meeting.

8" Loose Lifts

For large systems, conveyor systems, backhoes with long reaches
or draglines with stone buckets may be used to place backﬁll.
Once minimum cover for construction loading across the entire
width of the system is reached, advance the equipment to the
end of the recently placed ﬁll, and begin the sequence again
until the system is completely backﬁlled. This type of construction
sequence provides room for stockpiled backﬁll directly behind
the backhoe, as well as the movement of construction trafﬁc.
Material stockpiles on top of the backﬁlled detention system
should be limited to 8- to 10-feet high and must provide
balanced loading across all barrels. To determine the proper cover
over the pipes to allow the movement of construction equipment
see Table 1, or contact your local CONTECH Sales Engineer.
Typical Backfill Sequence

Embankment

Additional cover for
construction load

Construction Load
Min. Cover req'd for
H-20 live loads
Backfill

When ﬂowable ﬁll is used, you must prevent pipe ﬂoatation.
Typically, small lifts are placed between the pipes and then
allowed to set-up prior to the placement of the next lift. The
allowable thickness of the CLSM lift is a function of a proper
balance between the uplift force of the CLSM, the opposing
weight of the pipe, and the effect of other restraining measures.
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local CONTECH Sales Engineer can help determine the proper lift
thickness.
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Additional Considerations
Because most systems are constructed below-grade, rainfall
can rapidly ﬁll the excavation; potentially causing ﬂoatation
and movement of the previously placed pipes. To help mitigate
potential problems, it is best to start the installation at the
downstream end with the outlet already constructed to allow
a route for the water to escape. Temporary diversion measures
may be required for high ﬂows due to the restricted nature of the
outlet pipe.
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CMP Pre-Construction Checklist
CONTECH Field Contact and Phone: —————————————————————————————————————————
CONTECH Plant Contact and Phone: —————————————————————————————————————————
Contractor Contact and Phone: ———————————————————————————————————————————
Project Name: ———————————————————————————————————————————————————
Site Address: ———————————————————————————————————————————————————
Precon Attendees: —————————————————————————————————————————————————
Topics to Review:
Truck access and pipe storage availability/expectation
Pipe unloading and handling safety, equipment and procedures
System layout and shop drawing review
Shipping schedule and installation sequence
Joint conﬁguration and assembly
Connection with unlike storm sewer materials
Backﬁll material selection and placement strategy
Backﬁll sequence, lift thickness and balanced loading
Compaction requirement (90%) and equipment
Additional cover requirements for heavy construction loads
CMP riser concrete cap installation
Notes: —————————————————————————————————————————————————————
—————————————————————————————————————————————————————————
—————————————————————————————————————————————————————————
—————————————————————————————————————————————————————————

Support
• Drawings and speciﬁcations are available at contechstormwater.com

800.338.1122
www.contech-cpi.com

• Site-speciﬁc design support is available from CONTECH Stormwater Design Engineers.
©2007 CONTECH Stormwater Solutions
CONTECH Construction Products Inc. provides site solutions for the civil engineering industry. CONTECH’s portfolio includes bridges, drainage, sanitary sewer,
stormwater and earth stabilization products. For information on other CONTECH division offerings, visit contech-cpi.com or call 800.338.1122
Nothing in this catalog should be construed as an expressed warranty or an implied warranty of merchantability or ﬁtness for any particular purpose. See the
CONTECH standard quotation or acknoweldgement for applicable warranties and other terms and conditions of sale.
The product(s) described may be protected by one or more o
6,641,720; 6,511,595; 6,649,048; 6,991,114; 6,998,038; 7,186,058; related foreign patents or other patents pending.
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Summary Fact Sheet
Category:
Practice:

1.0 Bioretention Systems
1.6 Tree Box Filters

General Description: Tree box filters are precast concrete boxes filled with bioretention type
soil media installed below grade at the curb line. A standard street tree or shrub is planted in
the box, which resembles a curbside planter. Tree box filters are located upstream of a
standard curb inlet. For low to moderate flows, stormwater enters through the tree box’s inlet,
filters through the soil, and exits through an underdrain into the storm drain. For high flows,
stormwater will bypass the tree box filter if it is full and flow directly to the downstream curb inlet.
Water Quantity Controls
Tree box filters can reduce the runoff volume and peak discharge rate for small, frequentlyoccurring storms by capturing the water quality volume (WQV). They are not intended to
capture volumes larger than the WQV, or to detain the WQV for extended periods of time,
however. Volumes larger than the WQV can be detained in a subsurface storage system (e.g.
gravel bed) downstream.
Water Quality Controls
Tree box filters remove pollutants through the same physical, chemical, and biological
mechanisms as bioretention cells. Virginia Stormwater Minimum Standard 3.11C gives the
following expected removal rates for tree box filters, provided that the filter surface area is at
least 0.33% of the drainage area. In other words, to achieve these removal efficiencies, the
drainage area to a 6’ x 6’ tree box (standard size) must be 0.25 acres or less.
Pollutant

Expected removal

Total suspended solids

85%

Total phosphorous

74%

Total nitrogen

68%

Total metals

82%

Location: Tree box filters can receive runoff from both streets and parking lots, as long as a
downstream inlet or outfall is present. All land uses are suitable.
Design Construction and Materials: To treat 90% of the annual runoff volume, tree box filter
surface area should be approximately 0.33% of the drainage area. Tree boxes must be
regularly spaced along the length of a corridor as appropriate to meet the annual treatment
target. A standard curb inlet must be located downstream of the tree fox filter to intercept
bypass flow. Tree box filters are off-line devices and should never be placed in a sump position
(i.e. low point). Instead, runoff should flow across the inlet (e.g. left to right). Also, tree box
filters are intended for intermittent flows and must not be used as larger event detention
devices.
Tree box filters consist of a precast concrete container, a mulch layer, bioretention media mix,
observation and cleanout pipes, underdrain pipes, one street tree or large shrub, and a grate
landscape cover. Pretreatment under normal conditions is not necessary.
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Cost: The cost for a tree box filter to treat runoff from ½ impervious acre is comprised of both
the installation cost and annualized costs. These cost calculations were based upon installing
two (2) 6’ x 6’ tree box filters. A tree box filter is assumed to have a lifespan of 25 years, at
which point it will be removed and replaced.
A standard 6’ x 6’ tree box filter costs approximately $8,000. This estimate includes two years
of operating maintenance and filter material and plants. Installation costs are approximately
$1500 per unit. Annual maintenance is $500 per unit when performed by the manufacturer and
$100 per unit when performed by the owner.
Item
Installation

1

Required Cost per Year (2005 Dollars)
0

1

2

3

4

5

6

7

8

9

10

150

150

150

150

150

150

150

150

150

150

25

19,000

Mulching and
Debris Removal
Replace Vegetation

250

250

Remove & Replace

19,000

Total Cost

19,000

Annualized Cost

$950 / year (includes replacement in year 25)

1

…

150

150

150

150

300

150

150

150

150

300

19,000

Developer Cost. Not included in annualized cost.

Maintenance: Maintenance consists of annual routine inspection and the regular removal of
trash and debris. The mulch will need to be replenished one (1) to two (2) times per year. The
cleanout pipe can be used to flush the system if the underdrain becomes clogged. During
extreme droughts, the trees or shrubs may need to be watered in the same manner as any
other landscaping. The plants may need to be replaced every few years (5 years are assumed
for the cost estimate).
Performance and Inspection: To ensure proper performance, visually inspect that stormwater
is infiltrating properly into the tree box filter. Excessive volumes of stormwater bypassing the
tree box filter to the standard inlet may indicate operational problems. Corrective measures to
restore performance include inspection for accumulated sediments and debris and removal, if
necessary. In instances where the condition of the soil media has degraded significantly, the
media and vegetation should be removed and replaced. Inspection and maintenance should
occur on an annual or semi-annual basis.
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Tree box filter schematic
Source: Americast PERMISSION PENDING

Tree box filter at the Pentagon
Source: LID Center

Potential LEED Credits:
Primary: N/A
Other: Innovation & Design Process (1-4 Points)
Links to Additional Information:
Virginia Department of Conservation and Recreation. 2002. Minimum Standard 3.11C Filterra™
Bioretention Filter System. Available at http://www.dcr.state.va.us/sw/docs/tecbltn6.pdf
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EXECUTIVE SUMMARY
Pervious pavements allow stormwater to percolate through the voids in the pavement, which
reduces the amount of runoff water. In the United States, pervious pavements are mainly used in
sidewalks, parking lots, and low traffic density areas. Unlike other pavement systems, the
pervious layer not only needs to posses the required strength and freeze-thaw durability to
support the applied loads and resist environmental conditions, but must also have adequate
permeability for the design storm of a specific region. Pervious concretes in the United States
have been reported to have adequate void ratios but strengths lower than those required for
structural concrete used in parking lots and pavement applications. Furthermore, freeze-thaw test
results and pervious concrete pavement installations in hard wet freezing regions of the United
States (e.g., Midwest and Northeast) have been limited. Low strength values and lack of freezethaw durability test results have limited the use of pervious concrete in hard wet freezing
regions.
This report summarizes the results of research performed at the Portland Cement Concrete
Pavement Materials and Research Laboratory at Iowa State University to develop a pervious
concrete with freeze-thaw resistance that possesses the required compressive strength and
adequate permeability.
Relevant Literature
The increasing interest in pervious concrete in the United States is due to the recent Clean Water
Act and other Environmental Protection Agency regulations, which require decreasing the
amount of water runoff and initially treating the runoff. The advantages of using pervious
concrete also include improving skid resistance by removing water during rainy days, reducing
noise, minimizing the heat island effect in large cities, preserving native ecosystems, and
minimizing costs in some cases. However, the engineering properties reported in the literature
from the United States indicate a high void ratio, low strength, and limited freeze-thaw test
results.
A typical cross-section of the pervious pavement used in parking lots consists of a pervious
concrete layer with a thickness of 4 to 6 inches, a permeable base with a thickness up to 18
inches, and a permeable subgrade. If the subgrade permeability is low, drainage pipes can be
used to drain water, but drainage pipes increase the cost of the system.
Typical pervious concrete mix designs used in the United States consist of cement, single-sized
coarse aggregate (generally a size between one inch and the No. 4 sieve), and a water to cement
ratio ranging from 0.27 to 0.43. Reported properties of pervious concrete in the United States
indicate that the 28-day compressive strength of pervious concrete ranges from 800 psi to 3,000
psi, with void ratios ranging from 14% to 31%, and permeability ranging from 36 to 864
inches/hour.
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Mixing Proportion and Mixing Procedures
Two types of single-sized coarse aggregate, crushed limestone and river gravel, were used in this
study. Three sizes of single-sized river gravel were used: (1) 1/2-inch size, with 100% passing
the 5/8-inch and 100% retained on the 1/2-inch sieve, (2) 3/8-inch size, with 100% passing the
1/2-inch and 100% retained on the 3/8-inch sieve, and (3) No. 4 size, with 100% passing the 3/8inch and 100% retained on the No. 4 sieve. Additionally, single-sized 3/8-inch crushed limestone
and two gradations of commercially available river gravel, known as pea gravel, were used.
Furthermore, the effects of using a small percentage of sand, and the effects of using latex and
silica fume on pervious concrete engineering properties were investigated.
The dry rodded unit weight, void ratio, specific gravity, and abrasion resistance of these
aggregates were measured. The results indicate that river gravel has a higher unit weight and
abrasion resistance than crushed limestone.
Two mixing procedures were used to prepare the samples. Initial specimens were prepared with
3/8-inch river gravel using a traditional concrete mixing procedure in which aggregate, water,
and admixtures were combined before the addition of the cement. Using this mixing procedure,
it was observed that the sample failed at the interface between the cement paste and the
aggregate. A second mixing procedure was used to improve the bond between the cement paste
and the aggregate by dry mixing a small amount of cement (<5% by mass) with the aggregate
until completely coated (about one minute). Next, the remaining cement and water (with or
without high-range water reducer) was added. Finally, the concrete was mixed for three minutes,
allowed to rest for three minutes, and then mixed for an additional two minutes before casting.
Samples prepared using this modified mixing procedure failed through the aggregate, which
increased the seven-day compressive strength of the mix. However, mixes made with crushed
limestone did not show a significant increase in strength due to the textured nature of this
aggregate.
The cement content used in the prepared mixes was varied to reduce excess paste content. A
binder to aggregate ratio of 0.21 and a water to cement ratio of 0.27 was found to be optimum,
considering strength, permeability, and void ratio. Mixes were prepared using percentages of
latex ranging from 0% to 15% by weight of solids to cementitious materials. When comparing
the seven-day strengths, the optimum latex content was found to be 10%.
All specimens were prepared by rodding 25 times in three layers, while applying a vibration for
five seconds after rodding each layer. To evaluate the effect of compaction on pervious concrete
properties, two vibrating amplitudes of 0.005 and 0.0034 inches, which were identified as
regular and low compaction energies, respectively, were used.
Findings and Recommendations
!

!

Sand and/or latex increase strength and reduce permeability for both river gravel and
limestone aggregate types. Mixes containing only sand had a greater increase in
strength than the mixes containing sand and latex. Mixes containing silica fume had
higher voids ratios and lower strengths than mixes without.
Pervious concrete engineering properties vary as a function of void ratio. It was found
xiv
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that compressive strength decreases linearly as the void ratio increases, unit weight
decreases linearly as the void ratio increases, and permeability increases
exponentially as the void ratio increases, with rapid increase in permeability for void
ratios greater than 25%.
The overall results at regular compaction energy indicate that mixes with void ratios
ranging from 15% to 19% produced seven-day compressive strengths ranging from
3,300 psi and 2,900 psi and a permeability ranging from 135 inches/hour to 240
inches/hour. These mixes had unit weights between of 127 and 132 pcf.
Freeze-thaw test results indicate that a mass loss of 15% represents the terminal
serviceability acceptable level for pavement surfaces. Mixes that contained sand,
latex, or a mix of latex and sand showed better freeze-thaw resistance than baseline
mixes with no sand, no latex, or neither. Baseline river gravel mix with sand showed
the best freeze-thaw resistance.
Well-designed pervious concrete mixes can meet strength, permeability, and freezethaw resistance requirements for cold weather climates. Mix No. 4-RG-S7 with air
entrainment showed the best freeze-thaw durability, with 2% mass loss after 300
freeze-thaw cycles.
A limited number of aggregate sizes and types were evaluated in this study. Although
limited types of aggregate were used, results showed that aggregate properties
significantly affect portland cement pervious concrete (PCPC) properties. Creating
freeze-thaw durable PCPC mixes that will function throughout the United States
requires the evaluation of a larger variety of aggregates that represent typical varieties
found across the United States. Evaluating more aggregate types will allow for the
development of a minimum aggregate properties specification that produces durable
PCPC.
Throughout this study, results have indicated that compaction is an important factor
that affects the properties of PCPC. More research is required to determine the
relationship between compaction energy and PCPC properties including strength,
void ratio, permeability, and freeze-thaw durability. By determining this relationship,
placing methods can be modified to produce high-quality PCPC, and performance
can be predicted through calibration with lab-scale methods.
This study evaluated silica fume, latex, and sand as methods of strength
improvement. Other materials exist that may improve PCPC strength and durability.
For instance, polypropylene fibers add split strength and durability to standard
concrete and need to be evaluated in pervious concrete. Preliminary results show that
fibers increase both compressive and split strength without affecting void ratio or
permeability.

Future Research
Although a limited number of aggregate sizes and types were evaluated in this study, we
conclude that aggregate engineering properties (e.g., abrasion resistance, which indicates
strength) must be evaluated to design high-quality PCPC. Creating freeze-thaw durable PCPC
mixes that will function throughout the United States will require the evaluation of a larger
variety of aggregates that represent typical varieties found across the United States. Evaluating
more aggregate types will allow the development of a specification for the minimum aggregate
quality required to produce durable PCPC.
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More research is also required to determine the relationship between compaction energy and
PCPC properties including strength, void ratio, permeability, and freeze-thaw durability. By
determining this relationship, standardized methods for PCPC placement can be developed and
modified to produce high-quality PCPC, and performance can be predicted through calibration
with lab-scale methods.
This study evaluated the effects of using silica fume, latex, and sand to improve PCPC
properties. However, other materials exist that may increase PCPC strength and durability. For
instance, polypropylene fibers add split strength and durability to standard concrete and should
be evaluated in pervious concrete. Preliminary results show that fibers increase both compressive
and split strength without affecting void ratio or permeability.

xvi

INTRODUCTION
Background
To meet the requirements of the Federal Water Pollution Control and Flood Disaster Protection
Acts of the United States, the Franklin Institute Research Laboratories developed pervious
asphalt pavement systems in the early 1970s (Diniz 1980). A small amount of fines was removed
from a standard asphalt mix to produce a mix with high porosity that allowed stormwater
infiltration. However, relatively low porosity is required to maintain the required strength and
long-term durability. To infiltrate the desired amount of water, additional infiltration strips must
be constructed around the site (see Figure 1). Construction costs for porous asphalt are greater
than standard asphalt pavement due to the construction of the underlying infiltration cell (Adams
2003). An Environmental Protection Agency (EPA) factsheet (1999) lists clogging of porous
asphalt as the primary method of failure.
More recently, amendments to the Clean Water Act (1999), which require reducing the quantity
of stormwater runoff and providing initial water quality treatment, increased interest in
developing new porous pavement materials and enhancing the properties of currently used
materials. Portland cement pervious concrete (PCPC) is one solution used to reduce the volume
of direct water runoff from pavements and to enhance the quality of stormwater (Water
Environment Research Foundation 2005). Other reported advantages of pervious concrete
include reducing noise, improving skid resistance, reducing owner cost, preserving native
ecosystems and minimizing the heat island effect in large cities (Ferguson 2005; Tennis et al.
2004). The disadvantages of pervious concrete include yearly or bi-yearly maintenance to unclog
voids and restore permeability and the possibility of contaminating the groundwater, depending
on the soil conditions (EPA 2004). Furthermore, the low strength and durability of pervious
concrete has resulted in failures at an early stage of pavement life.

Porous asphalt

(a) Porous pavement cross-section (Cahill 2005)

River gravel

(b) Recharge bed near porous asphalt pavement (Adams 2003)

Figure 1. Porous asphalt pavement design
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However, the durability of pervious concrete in freeze-thaw environments has not been well
documented, which has hindered the use of PCPC in the Northern and Midwestern United States.
Research Objective
The primary objective of this study is to develop a PCPC mix that is freeze-thaw resistant and
that has the required compressive strength and adequate permeability for pavement applications.
Approach
Generally, concrete strength and durability decrease as the void ratio increases. The challenge of
the current study is to increase the void ratio of the concrete without significantly reducing
strength and freeze-thaw durability. Although PCPC improves the quality and reduces the
quantity of stormwater runoff, PCPC is not widely used in wet-freeze environments due to its
reported low strength and low freeze-thaw durability. The ultimate goal of this study is to
produce a freeze-thaw durable pervious concrete that can be used reliably in a paving system.
The following approaches were adopted to accomplish this goal:
1. Determine the effect of aggregate type and size on the void ratio and strength of PCPC,
which will increase the strength while providing sufficient porosity for stormwater
infiltration.
2. Determine the effect of various admixtures, such as silica fume, latex, and sand, on PCPC
properties.
3. Determine the relationships between void ratio, permeability, and strength in PCPC to
better identify potential durable mixes.
4. Determine the freeze-thaw durability of PCPC mixes.
Research Scope
Pervious concrete mixes were prepared using two types of single-sized coarse aggregate: crushed
limestone and river gravel. These mixes included single-sized aggregates (1/2-inch, 3/8-inch, and
No. 4 sieve sizes), single-sized aggregate with a small amount of sand, and commercially
available pea gravel. Furthermore, the effects of latex and silica fume on pervious concrete
engineering properties were investigated.
Initially, small-scale mixes were prepared (Phase I) to evaluate the properties of pervious
concrete at seven days. Selected mixes were then prepared using large-scale mixes (Phase II) to
evaluate the time development of strength, permeability, split strength, and freeze-thaw
durability. The effects of compaction on pervious concrete engineering properties were also
evaluated.
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LITERATURE SURVEY
General Review of the Literature
To meet the requirements of the Federal Water Pollution Control and Flood Disaster Protection
Acts of the United States, the Franklin Institute Research Laboratories developed pervious
asphalt pavement systems in the early 1970s (Diniz 1980). More recently, amendments to the
Clean Water Act (1999), which require reducing the quantity of stormwater runoff and providing
initial water quality treatment, increased the interest in developing new porous pavement
materials and enhancing the properties of currently used materials. PCPC is one of the methods
used to reduce the volume of direct water runoff from pavements and to enhance the quality of
stormwater (Water Environment Research Foundation 2005).
Pervious concrete pavement has been used for over 30 years in England and the United States
(Youngs 2005; Maynard 1970). PCPC is also widely used in Europe and Japan for roadway
applications as a surface course to improve skid resistance and reduce traffic noise (Beeldens
2001; Kajio et al. 1998).
Currently, full-depth PCPC is used in the United States for parking lots, pathways, and, in some
cases, low-volume roads for stormwater applications (Tennis et al. 2004). PCPC is used to allow
stormwater to infiltrate through the pavement and reduce or eliminate the need for additional
control structures, such as retention ponds. The large surface area of PCPC also helps clean a
majority of the pollutants in the stormwater and allows the natural attenuation of microbes to
reduce their concentration. Instead of accumulating in nearby surface waters, the pollutants are
trapped in the pavement system, thereby increasing overall water quality.
As stormwater legislation becomes more stringent, methods have been developed to deal with
the new regulations. To alleviate flooding in densely populated areas and to improve surface
water quality, the National Pollutant Discharge Elimination System (NPDES) was created to
issue permits. Private owners and public agencies are required to reduce the amount of
stormwater runoff and reduce the contaminants in the runoff water to near pre-development
levels (Federal Register 2004). These reductions can be achieved by detention ponds and
vegetative buffers (WERF 2005). However, pervious concrete is an effective tool for achieving
these reductions in stormwater runoff and initially treating stormwater.
The open structure of PCPC also has other benefits, including the following: (1) improved skid
resistance, (2) reduced noise levels, (3) fast melting of snow, and (4) prevention of faulting on
sidewalks and recreational trails by allowing trees to grow with no root heave (Kajio et al. 1998;
Tennis et al. 2004; Ferguson 2005).
The literature review of this report includes three main areas:
1. Typical construction materials used in PCPC mixes and PCPC material properties
2. Design and construction considerations and methods, including maintenance practices
3. Environmental benefits of PCPC pavement
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Construction Materials
The porosity in PCPC is created by the reduction or elimination of fine aggregate from the
normal concrete mix. Standard pervious concrete used in the United States is a mixture of a
single-sized coarse aggregate and cement combined at low water to cement ratios (Florida
Concrete and Products Association Inc. 2000; Tennis et al. 2004). Table 1 shows typical PCPC
mix proportions used in the United States, as reported by the National Ready Mix Concrete
Association (NRMCA).
Table 1. Typical mix design for existing PCPC in the United States (NRMCA 2004)
Property
Cement content
Coarse aggregate content
Fine aggregate content
Water-cement ratio

Specification
300 to 600 lbs/yd3
2,400 to 2,700 lbs/yd3
0 lbs/yd3
0.27 to 0.43

The coarse aggregate used in pervious concrete is typically either rounded river gravel or a
crushed stone. The size of single-sized aggregate commonly used in PCPC ranges from
aggregate retained on the No. 4 sieve to 3/4-inch aggregate, with 1-inch aggregate used in some
instances (Tennis et al. 2004). The water to cement ratio ranges from 0.25 to 0.35, with water
reducers causing typical PCPC mixes to have a slump less than 1 inch, as measured by ASTM
C143 (Tennis et al. 2004). The open structure of PCPC increases the exposed surface area;
therefore, hydration retarders are often used to extend mix life and facilitate proper placement
(Pacific Southwest Concrete Alliance 2004). If the mix is to be used in a cold weather area, airentrainment has been shown to improve freeze-thaw protection (Neithalath 2003; Tamai and
Yoshida 2003). The NRMCA suggests using 4% to 8% air entrainment with a spacing factor of
0.01 inches to provide satisfactory freeze-thaw resistance (NRMCA 2004).
PCPC mixes used in Europe and Japan, which are made with small-sized aggregate and
sometimes the addition of a small amount of fine aggregate (e.g., sand), provide a strong surface
coarse for roadway application. In both Europe and Japan, No. 8 size crushed gravel has been
used with sand to improve the strength and durability of pervious concrete (Kajio et al. 1998;
Beeldens et al. 2003). Experiments have incorporated up to 15% fine sand, as a mass ratio of fine
aggregate to coarse aggregate, while 5% to 10% was found to be an optimal amount to improve
strength (Beeldens 2001; Olek et al. 2003). Furthermore, latex emulsion has also been used to
improve PCPC strength. A ratio of 10% latex solids to cementitious materials was found to
provide the best combination of improved tensile strength and water reduction (Beeldens 2001).
This is similar to the percent of latex used in normal latex-modified concrete (Wang et al. 2005).
PCPC Material Properties
Table 2 summarizes the PCPC material properties found in the U.S. and international literature.
This table shows that the void ratio of PCPC ranges from 11% to 35%, with a 28-day
compressive strength between 800 psi and 4650 psi, permeability between 36 inches/hour and
756 inches/hour, flexural strength between 150 psi and 1085 psi, and unit weight between 100
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pcf and 130 pcf. However, the permeability of the mix with the highest strength was not
reported, and the mix with highest tensile strength has a low void ratio.
Table 2. PCPC properties from the literature
Void
ratio (%)

Unit weight
(lbs/ft3)

Permeability
(in./hr)

28-day
compressive
strength (psi)

Flexural
strength (psi)

Reference

United States
15 to 25

100 to 125

288 to 756

800 to 3,000

150 to 550

Tennis et al. 2004

15 to 35

NA

NA

NA

363 to 566

Olek et al. 2003

International
19

NA

NA

3771

638

Beeldens et al. 2003

20 to 30

118 to 130

NA

2553 to 4650

561 to 825

Beeldens 2001

NA

NA

NA

2756

NA

Tamai and Yoshida 2003

11 to 15

NA

36 to 252

NA

606 to 1,085

Kajio et al. 1998

18 to 31

NA

NA

1,595 to 3,626

NA

Park and Tia 2004

NA = not available

Strength
Since the aggregate strength is usually high, the strength of the thin paste around the aggregate
particles and the strength of the interface between the aggregate and the paste are relatively
weak. The pervious concrete strength therefore depends primarily on the properties of the paste
and the interface between the paste and the aggregate (Yang and Jiang 2003). To improve the
strength of pervious concrete, three components must be improved: the strength of the paste, the
paste thickness around the aggregate, and the interface between the aggregate and the paste.
These goals can be achieved by altering the mixing process, using smaller size aggregate, and/or
using admixtures; all of these were used in the research presented in this report.
Strength is often the primary concern for concrete pavement designs. With a high void ratio
(15%–35%) and often no fine aggregate, compressive, tensile, and flexural strengths tend to be
lower than those of standard concrete (Beeldens et al. 2003). For low-volume pavement design
of PCPC, the NRMCA suggests using a 28-day compressive strength and tensile strength of
2,500 psi and 500 psi, respectively (NRMCA 2004). For typical PCPC mixes used in the United
States, the NRMCA reported a 28-day compressive strength ranging from 800 psi to 3,000 psi
(Tennis et al. 2004). However, 3,000 psi is less than the compressive strength required for most
conventional applications, typically 3,500 to 4,000 psi (Kosmatka et al. 2002). Hence, the use of
PCPC has been limited primarily to parking lots (Tennis et al. 2004). Early mix designs used in
the United States had flexural strengths ranging from 150 psi to 400 psi (Carolinas Ready Mixed
Concrete Association Inc. 2003). Smaller aggregate was shown to produce higher flexural
strength due to the increased contact area of the aggregate particles (Olek et al. 2003; Yang and
Jiang 2003).
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The relationship between flexural and split tensile strengths was investigated by Florida
Concrete and Products Association Inc. (2000) and Beeldens et al. (2003). Florida Concrete and
Products Association Inc. (2000) reported that split tensile strength is 65% of the flexural
strength (Florida Concrete and Products Association Inc. 2000). However, Beeldens et al. (2003)
reported that PCPC containing latex polymer may have a split tensile strength closer to 90% of
the flexural strength.
Mixes used in Europe and Japan often incorporate aggregate smaller than that used in the United
States, in addition to a small percentage of sand. These differences substantially increase
strength values over domestic mixes. Some Belgian mix designs incorporating sand and a latex
emulsion have produced a 28-day compressive strength of up to 4,600 psi. However, the
permeability of this mix was not reported (Beeldens et al. 2003).
Porosity and Permeability
To facilitate the movement of water, interconnected voids must be present in the hardened
pervious concrete. Higher porosity generally produces lower strength, while lower porosity
mixes have higher strength. Ferguson (2005) and Tennis et al. (2004), reporting the properties of
pervious concrete used in the United States, indicate a void ratio ranging from 14% to 31% and a
coefficient of permeability ranging from 36 to 864 inches/hour. PCPC with void ratios between
15% and 25% produce strength values greater than 2,000 psi and a permeability of about 480
inches/hour (Tennis et al. 2004).
In all tests in which permeability values were reported, values were obtained using the falling
head test adopted from soil mechanics. To produce higher flexural strength for a surface course,
a void ratio of about 15% was used to yield a permeability of 14.4 inches/hour and a flexural
strength of 650 psi (Kajio et al. 1998). PCPC with a void ratio above 20% has been shown to
have a permeability of about 1,440 inches/hour, while void ratios of 20%–29% have resulted in
flexural strengths of 400 psi to 500 psi (Olek et al. 2003).
Freeze-Thaw Durability
The primary obstacle preventing PCPC from being used in the cold regions of the United States
is the lack of data and proper laboratory testing methods for verifying the durability of PCPC in
freeze-thaw environments (NRMCA 2004). A number of methods exist that subject a sample to
freezing and thawing cycles. The freeze-thaw test method most often reported involves freezing
a sample in the dry condition and thawing it under water (ASTM C666B) or under more extreme
conditions by freezing and thawing the sample in the fully saturated condition (ASTM C666A).
These standard methods of evaluating freeze-thaw durability involve measuring the specimen’s
change in length and relative dynamic frequency (ASTM C215). It is difficult to apply these
measurements, which were developed for normal concrete, to PCPC and produce consistent
results. For example, the PCPC structure causes ambiguous determination of the fundamental
frequency (Olek et al. 2003). For PCPC, the mass loss has been used as an indication of freezethaw durability. Yand and Jiang (2003) reported a mass loss of 0.25% after 25 cycles using
ASTM C666 – Procedure B. The Belgian mixes containing latex were tested for 14 cycles using
ASTM C666 – Procedure A and produced a relative tensile strength between 10% and 26%,
which was measured by a direct tensile test (Beeldens 2001).
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The rate of freeze-thaw cycles also affects the performance of PCPC. Results show that samples
cycled five or six times per day deteriorate much faster than samples subjected to only one cycle
per day. At 80 freeze-thaw cycles, the specimens that underwent the more rapid cycle rate had
relative dynamic moduli of less than 40%, while their slower cycled counterparts had relative
dynamic moduli greater than 90% (Olek et al. 2003).
Surface Characteristics
Noise Reduction
The open structure of the porous pavement causes a difference in arrival time between direct and
reflected sound waves, as shown in Figure 2 (Olek et al. 2003). This difference decreases the
noise level intensity, causing porous pavements to absorb the sound (Olek et al. 2003). This
property has drawn the interest of many researchers to create quiet pavements (Kajio et al. 1998;
Olek et al. 2003). Kajio et al. (1998) compared the noise levels produced from pervious concrete
and dense asphalt pavements containing two different sizes of aggregate (1/4-inch and 1/2-inch)
at different vehicle speeds.

(a) Wave reflection from a dense surface

(b) Wave reflection from a porous surface

Figure 2. Reflection of sound waves resulting from moving vehicles
Table 3 (Kajio et al. 1998) shows that, for both sizes of aggregate, the noise level was reduced
using pervious concrete. Small-size aggregate generally produced a quieter response, ranging
from a 3% to 10% lower noise level, with a maximum difference of eight decibels (dB).
Olek et al. (2003) measured the noise reduction levels of PCPC using the tire-pavement test
apparatus. PCPC was placed around a 12.1-foot diameter vertical drum. Once cured, a stationary
vehicle tire made contact with the rotating drum. The tire was outfitted with an array of
microphones to determine the average noise value of the pavement. Three mixes of PCPC were
tested against three mixes of portland cement concrete. Two of the PCPC mixes were finished
using a vibratory screed to smooth the surface, and the other was allowed to have random surface
aggregate orientation. Frequency was measured at speeds of 10, 20, and 30 mph with a
comparable trend in frequency for each speed. As the frequency increased, the PCPC became
quieter than the standard concrete pavement, with a maximum of five decibels (dB) (Olek and
Weiss 2003).
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Table 3. Results of measurement of noise from pervious concrete slabs

Car

Pavement
condition

Speed

Dry
Normal
Wet

Dry
Dump truck
Wet

Noise level (dB)
Gradation
Dense asphalt
0.2 in. 0.5 in. pavement

25 mph

65.8

66.6

72.3

37 mph

72.2

74.5

79.9

47 mph

75.1

77.9

82.5

25 mph

66.8

68.1

70.6

37 mph

73.1

74.4

77.2

47 mph

75.9

77.8

80.4

25 mph

73.8

72.5

80.6

37 mph

82.0

81.0

86.5

25 mph

74.8

76.1

78.6

37 mph

81.7

81.3

84.5

* Noise of idling dump truck = 60.0 db

Pervious Pavement Design
PCPC has been used as a surface layer on top of a standard concrete pavement or as a full-depth
pavement layer (Beeldens et al. 2003; Ferguson 2005). At present, the focus in the United States
is on full-depth design for parking lots and low-volume roads, while surface course designs are
primarily used in Europe and Japan as a surface layer for roadways. Since PCPC does not
necessarily behave like traditional PCC pavements, empirical designs have dominated
construction practices (Tennis et al. 2004). When used as a surface layer on top of standard
concrete pavement, a 1.5-inch layer of PCPC placed using a wet-on-wet method has produced a
good bond between the PCPC and PCC, as well as a durable pavement (Beeldens et al. 2003).
The wet-on-wet method places a thin layer of fresh PCPC over a thicker layer of fresh normal
concrete.
Full-depth PCPC pavement sections consist of pervious pavement layers on top of a permeable
subbase. Pavement thickness design can be calculated using standard design procedures. Since
PCPC is susceptible to traffic loading deterioration due to its lower strength, daily truck traffic
must be estimated accurately (Tennis et al. 2004). To account for its lower strength values,
PCPC is typically 25% thicker than conventional concrete pavement (Carolinas Ready Mixed
Concrete Association Inc. 2003). The minimum thickness for parking areas without truck traffic
is 5 inches, which increases to 6 inches for industrial drive lanes in parking areas (Florida
Concrete and Products Association Inc. 2000). The Florida PCPC design guide also provides
thickness adjustments. A 0.12-inch increase or decrease in thickness may be made for every 25psi change in the PCPC modulus of rupture. Also, a 2% decrease in void ratio requires an
additional 1-inch of pavement depth to replace lost storage capacity (Florida Concrete and
Products Association Inc. 2000).
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The subbase material should be a clean, permeable material with a maximum size of up to 1.5
inches (Tennis et al. 2004; Florida Concrete and Products Association Inc. 2000). In most cases,
the thickness of permeable subbase ranges from 6 inches to12 inches, although a subbase
thickness of up to 24 inches is recommended in hard wet freeze areas (Tennis et al. 2004;
NRMCA 2004). The thickness of subbase is often controlled by the permeability of the natural
subgrade soil and the hydrologic loading to the pavement. Furthermore, NRMCA (2004)
recommends that the groundwater table should not be within 3 feet of the bottom of the subbase
so drainage is adequate.
The subgrade material should be a permeable soil that provides good support, with modulus of
subgrade reaction k values ranging from 150 psi to 175 psi according to the Westergaard
modulus method (Florida Concrete and Products Association Inc. 2000; Tennis et al. 2004).
During construction, the natural subgrade must be protected from overcompaction to avoid
creating an impermeable surface, unless additional mechanical drainage (e.g., a French drain) is
installed.
Construction
In the United States, the most common method of PCPC placement is by hand, using forms. The
PCPC is initially placed using a rear discharge concrete truck and then further placed by hand.
Depending on the contractor’s experience, three methods can be used to compact the concrete. In
the first method, a 1/2-inch to 3/4-inch spacer strip is placed on top of the forms, and the
concrete is leveled using a vibratory screed, as shown in Figure 3 (Youngs 2005). Then, the
spacer strip is removed and the surface is compacted using a smooth steel roller. The steel roller
is also used in a transverse direction to finish the surface, as shown in Figure 4. The weight of
the roller may vary, but 100 lbs per linear foot is common to produce the 10 psi of pressure
suggested by the Carolinas Ready Mixed Concrete Association (CRMCA 2003). The second
compaction method uses a vibratory plate compactor, which has only been used with mixes
containing high-angularity aggregate (Youngs 2005). The third method of compaction and
finishing uses a roller screed, as illustrated in Figure 5. The stainless steel pipe rotates in the
opposite direction of the direction of movement.
Other less common methods of PCPC placement have been reported in the literature. These
methods include high density paving machines, used in Tennessee to place full-depth PCPC
pavement, and slip form pavers, used in Belgium to place a 1.5-inch surface coarse on top of a
normal concrete layer (see Sparkman 2005; Beeldens et al. 2003).
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Figure 3. Vibratory screed used in placing PCPC

Figure 4. Transverse steel roller over the moisture barrier

Figure 5. Compaction and finishing using a roller screed
In a manner similar to normal concrete, joints are used in PCPC to control and prevent random
cracking. However, due to the rougher texture of PCPC, control joints are not always required.
While most PCPC applications contain joints, a few parking lots in California have been placed
without control joints (Youngs 2005). Since PCPC shrinks less than standard concrete, joint
spacing larger than the standard 12 feet has been used. The NRMCA recommends slab lengths
not exceeding 20 feet, although spacing of up to 45 feet has been reported to prevent shrinkage
10

cracking (Paine 1992; Tennis et al. 2004). Joints can either be cut or formed, though formed
joints are the preferred method because saw cut joints can cause raveling. A joint roller, often
called a pizza cutter, quickly and easily forms PCPC joints, as shown in Figure 6 (Youngs 2005).
Due to the large amount of exposed surface area, fresh PCPC must be sprayed with curing
compound and covered with clear plastic sheeting soon after placement to prevent quick and
excessive drying (Carolinas Ready Mixed Concrete Association Inc. 2003). Covered curing is
recommended until the pavement is opened for operation, which should be a minimum of seven
days after placement (Tennis et al. 2004).

Figure 6. Roller used to make joints in pervious concrete
Maintenance
PCPC must be properly maintained to prevent the surface from becoming clogged, which
reduces permeability. Most PCPC sites function well without regular maintenance if protected
from sand. Vacuuming or power blowing may be necessary if the site becomes clogged (Tennis
et al. 2004). Pressure washing has shown to improve permeability of clogged pavement to 80%–
90% of the original permeability (MCIA 2002). Many factors control how often maintenance
must be performed on PCPC pavements. Generally, if the site is infiltrating large amounts of
water or there are substantial amounts of fine soil from the surrounding areas, maintenance
activities will be more frequent than if the pavement experiences lower hydraulic and solid
loading. The chance of clogging is highest during and just after construction, and the site must be
protected by an erosion control fence until vegetation has been established on the adjacent
ground.
Environmental Issues
Stormwater Legislation
Due to recent amendments to the Clean Water Act (EPA 1999), municipalities must reduce the
quantity of stormwater runoff and provide some amount of initial treatment. The United States
Environment Protection Agency (EPA) regulates and monitors compliance with these
regulations by granting NPDES permits. The new stormwater policy was implemented in two
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phases. In Phase I, NPDES permits required monitoring and treatment of stormwater by
municipalities of 100,000 or greater, industrial discharges, and construction sites of five acres or
more. In Phase II, NPDES permits increased accountability to municipalities greater than 10,000
people and construction sites greater than one acre (EPA 1996). In most cases, the individual
state Departments of Natural Resources (DNRs) have been charged with enforcing the stricter
standards.
Each phase has a set of performance standards that must be met and maintained before the
NPDES permits are issued. These standards include reducing sediment loading by 80%, or to the
maximum extent practicable. Furthermore, a target of 90% of pre-development infiltration or
25% of the 2-year, 24-hour storm event, with no more than 1% of the site dedicated to
stormwater management, must be obtained. Exceptions will be allowed on a case by case basis
as determined by the appropriate state DNR agency (Federal Register 2004).
To meet these performance standards, a set of best management practices (BMPs) have been
suggested to help responsible parties meet the new standards. The BMPs are designed to
facilitate stormwater detention, retention, infiltration, and treatment. In areas where a stormwater
utility has been formed, the implementation of one or more BMPs results in a stormwater credit
and savings to the owner. Porous pavements, such as PCPC, are approved BMPs and have a
widespread use in areas that experience little to no freeze-thaw activity (EPA 2004).
A variety of other BMPs can be broadly grouped into two categories: structural and nonstructural. The structural category encompasses any BMP that is installed or constructed. The
commonly used structural treatment includes detention and retention ponds. Both reduce the
amount and severity of storm events and provide treatment by allowing settling time for
suspended contaminants. Furthermore, biofilters and wetlands are becoming more common as
treatment methods, which are often installed in drainage swales. Non-structural BMPs are
maintenance activities such as street sweeping and catch basin cleaning. Both reduce the amount
of suspended solids released during the first flush (WERF 2005), which is the initial runoff from
a storm event that contains the highest level of pollutants being flushed from the pavement. After
the pavement has been cleaned of the first flush contaminants, the runoff becomes relatively free
of pollutants. Many treatment methods require extra land area and additional construction, which
increases overall construction costs. PCPC provides a convenient solution by incorporating the
required BMP into a planned part of the pavement.
Hydrologic Effects
Pervious concrete performs two hydrologic tasks, stormwater storage and stormwater infiltration.
Table 4 (Freeze and Cherry 1979) shows that most subgrade soil types have a limited infiltration
rate. With a PCPC permeability higher than the subgrade soil's permeability, the subbase must be
designed as a storage system to hold the stormwater until it can infiltrate into the subgrade.
When the subgrade has limited permeability, additional drainage must be installed and connected
to either the stormwater system or bio-retention areas, as shown in Figure 7 (Ferguson 2005).
The depth of the subbase material is a function of the required storage capacity for the design
storm rather than the structural capacity, unless freeze-thaw behavior is a concern. The time for
complete infiltration should be as short as possible; the NRMCA limits this time to five days,
while more standard designs suggest only holding water in the subbase for one or two days
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(Huang 2004). The required 25% infiltration of the 2-year, 24-hour storm by NPDES represents
a conservative estimate of the first flush, which can range in intensity from 1.5 inches to 6 inches
across the United States, requiring PCPC pavement systems to hold 0.38 inches to 1.5 inches of
stormwater (USDA 1986). For example, a 6-inch-thick layer of pervious concrete with 15%
voids on top of an 8-inch-thick subbase with 40% voids would be able to hold 4.1 inches of
stormwater, which is greater than the amount required for NPDES permits (Tennis et al. 2004).
Table 4. Range of soil permeability values
Soil type
Gravel

Permeability (in./hr)
> 144

Clean sand

7.2 to 1400

Silty sand

0.0144 to 144

Silt and loess

1.44x10-4 to 1.44

Glacial till

1.44x10-7 to 0.144

Figure 7. Cross-section of porous pavement systems with different drainage designs

Contaminant Reduction
In addition to reducing stormwater runoff, porous pavements have demonstrated the ability to
treat water, both mechanically and biologically. Mechanical treatment is the entrapment of
particles in the pavement structure or the sorption of contaminants onto the concrete or aggregate
surfaces. Biological treatment is the degradation of contaminants by microorganisms attached to
the pavement or in the soil beneath.
A study by Pratt et al. (1999) at the Coventry University School of Science and the Environment
focused on the effect of hydrocarbon runoff, since permeable pavement had already been shown
to retain suspended solids (Pratt et al. 1996). The one ft2 test system was comprised of pervious
concrete pavers placed on a pea gravel bed over a 15-inch crushed granite subbase. The pea
gravel bed and crushed subbase have characteristics similar to those of PCPC systems. Motor oil,
representing a volume that may drip from an automobile, was randomly deposited on a porous
system. Runoff was then measured from simulated rainfall events and the results were compared
with the results from normal concrete and asphalt test sections. Three rainfalls per week were
simulated, with an intensity of 0.5 inches per hour for 28 minutes, yielding 0.28 inches of rain
per simulated storm event. Oil was applied to the surface before each storm event. Over the
course of the study, 0.32 liters of oil were applied to each section, and retention was measured by
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the difference between the oil concentration applied to the surface and the concentration in the
runoff. The pervious pavement retained 99.6% of the oil, while standard concrete and asphalt
retained only 70.2% and 49.6%, respectively.
The biological treatment capacity of pervious pavement was also evaluated by Pratt et al. (1999).
The test specimens were seeded with microorganisms, and nutrient deficiencies were prevented
by applying a slow-release, commercially available fertilizer. Oil was then applied as before and
the effluent runoff concentration was measured, along with the respiration of the
microorganisms. It was found that after 1,150 days, the runoff concentration of oil in the effluent
remained negligible (Pratt et al. 1999).
A similar study performed at the University of Florida evaluated the effects of using PCPC for
water purification (Park and Tia 2004). PCPC sections were submersed in a stream for three
months to allow a microorganism population to become established. Water with known
concentrations of chemicals was then passed through the seasoned PCPC sections, and the
effluent concentration of total phosphorus and total nitrogen was measured. The maximum
reduction was 47% for total nitrogen and 96% for total phosphorus (Park and Tia 2004). Table 5
(Schueler 1987) shows the values reported by the EPA to demonstrate the effectiveness of
porous pavement systems. However, the pavement material type was not specified.
Table 5. Effectiveness of porous pavement pollutant removal, percent by mass
Study location
Prince William, VA
Rockville, MD

Total suspended solids
82
95

Total phosphorus
65
65

Total nitrogen
80
85

Key Findings from the Literature Review
!
!

!

!
!

The increasing interest in pervious concrete is due to the recent Clean Water Act and
other EPA regulations, which require decreasing the amount of water runoff and initial
treatment of the runoff.
The engineering properties reported in the literature from the United States indicate high
void ratios, low strengths, and limited freeze-thaw test results for PCPC. It is believed
that these limitations have hindered the use of pervious concrete in the hard wet freeze
regions (e.g., the Midwestern and Northeastern United States).
Typical mix design of pervious concrete used in the United States consists of cement,
single-sized coarse aggregate (between 1-inch and the No. 4 sieve), and a water to
cement ratio ranging from 0.27 to 0.43. The 28-day compressive strength of pervious
concrete can range from 800 psi to 3,000 psi, with a void ratio ranging from 14% to 31%
and a permeability ranging from 36 inches/hour to 864 inches/hour.
The advantages of pervious concrete include improving skid resistance by removing
water during precipitation events, reducing noise, minimizing the heat island effect in
large cities, preserving native ecosystems, and minimizing costs in some cases.
Full-depth and surface coarse PCPC pavement systems have been used, with the first
being the most common in the United States and the second the most common in Europe
and Japan.
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A typical cross-section of full-depth PCPC pavement consists of the following: (1) a
pervious concrete layer with a thickness between 4 and 6 inches, (2) a permeable subbase
with a thickness up to 18 inches, and (3) a permeable subgrade. If the subgrade
permeability is low, drainage pipes can be used to drain water, though the pipes could
increase the cost of the system.
Studies have shown that pervious concrete has generally produced a quieter-than-normal
concrete, with noise levels from 3% to 10% lower than those of normal concrete.
Studies have indicated that pervious concrete has the ability to treat water, both
mechanically and biologically.
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MATERIALS, MIX PROPORTIONS, AND SPECIMEN PREPARATION
Materials
Aggregates Properties
Two types of single-sized coarse aggregate, crushed limestone and river gravel, were used in this
study. Three sizes of single-sized river gravel were used: (1) 1/2-inch size with 100% passing the
5/8-inch and 100% retained on 1/2-inch sieve, (2) 3/8-inch size with 100% passing the 1/2-inch
and 100% retained on the 3/8-inch sieve, and (3) No. 4 size with 100% passing the 3/8-inch and
100% retained on the No. 4 sieve. Additionally, single-sized 3/8-inch crushed limestone and two
gradations of commercially available river gravel, known as pea gravel, were used. One
gradation has 87% retained on the No. 4 sieve and 1.4% passing the No. 8 sieve with a
uniformity coefficient of 1.73; the second has 33% retained on the 3/8-inch sieve, 60% retained
on the No. 4 sieve, and 0.2% passing No. 8 sieve with a uniformity coefficient of 1.90 (see
Figure 8).
The dry rodded unit weight, void ratio, specific gravity, and abrasion resistance of the aggregates
were measured and are shown in Table 6. It can be seen that river gravel has a higher unit weight
and abrasion resistance than crushed limestone. Table 6 includes two types of 3/8-inch–size
crushed limestone because the properties of the aggregates obtained from the same source at an
interval of six months had different engineering properties. The specific gravity and absorption
were 2.62 and 1.1% for river gravel and pea gravel, 2.45 and 3.2% for the first crushed limestone
(LS1), and 2.55 and 3.2% for the second crushed limestone (LS2), respectively.
To improve the strength of single-sized coarse aggregate mixes, concrete river sand, latex, and
silica fume were used. The sand has 90% passing the No. 8 sieve (see Figure 8), a fineness
modulus of 2.9, a specific gravity of 2.62, and an absorption of 1.1%.
100
3/8 - PG
No. 4 - PG
Concrete sand

90

Percent Passing

80
70
60
50
40
30
20
10
0
1

0.1

0.01

0.001

Diameter (in.)

Figure 8. Gradation of pea gravel and concrete sand
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Table 6. Properties of aggregates used in the pervious concrete mixes
Aggregate size
and type
Unit weight (lbs/ft3)
Voids (%)
Abrasion mass loss (%)
Specific gravity
Absorption

River gravel
1/2 inch
100.0
38.8
14.4
2.62
1.1

3/8 inch
102.6
37.3
14.4
2.62
1.1

Crushed limestone
No. 4
99.6
38.5
14.4
2.62
1.1

3/8 inch†
86.5
43.5
46.1
2.45
3.2

3/8 inch*
88.8
44.2
32.9
2.55
3.2

Pea gravel
3/8 inch
102.6
37.2
13.7
2.62
1.1

No. 4
104.3
36.2
10.8
2.62
1.1

†Denotes LS1 * Denotes LS2

Cementitious Material Properties
A Type I/II cement from La Farge, USA was used in all prepared mixes. Table 7 lists the cement
properties given in the material property report provided by the manufacturer.
Table 7. Physical properties and chemical analysis of cement
Physical tests
Fineness-Blaine
Specific gravity
Vicat setting time
Compressive strength
7-day
28-day
Autoclave expansion
Chemical analysis wt. %
Silicon Dioxide (SiO2)
Aluminum Oxide (AL2O3)
Ferric Oxide (Fe2O3)
Calcium Oxide (CaO)
Magnesium Oxide (MgO)
Sulfur Trioxide (SO3)
Loss on ignition
Insoluble residue
Free lime
Tricalcium Silicate (C3S)
Tricalcium Aluminate (C3A)
Total Alkali as NaEq

1,878 ft2/lbs
3.15
90 min.
4,460 psi
6,300 psi
0.02 %
20.5
4.2
3.3
62.3
2.9
3.0
1.2
0.23
1.0
57
6
0.53

A densified silica fume from Degussa, USA was used at 5% binder replacement to improve
strength and bonding characteristics of selected mixes. The specific gravity is 2.2, with a bulk
density of 30–40 lbs/ft3 given in the material property report provided by the manufacturer.
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Admixture Properties
A styrene butadiene rubber (SBR) latex was used to improve the cement-aggregate bond and the
freeze-thaw durability. The SBR latex has been approved by the Federal Highway
Administration for latex-modified concrete used in bridge deck overlays (Dow 2005). Air
entraining agent (AEA) and high-range water reducer (HRWR) were mainly used in the mixes
that did not contain latex. Table 8 lists the properties of the SBR latex, and Table 9 lists the
properties of AEA and HRWR.
Table 8. Latex polymer characteristics
Chemical family

Styrene butadiene polymer

Chemical name
Concentration (by mass)
Appearance

Dow Chemical-Modifier A/NA
Nonvolatile content 47%–49%
Milky white liquid emulsion

Odor
Viscosity

Slight odor
40 cPs (max)

pH
Min. film forming temperature
Polymer particle size
Density

9.0-11.0
39.2oF
190-220 nm
63.6 lbs/ft3

Table 9. Admixture characteristics
Name
Glenium 3400 NV
Everair Plus

Type
High-range water
reducing admixture
Air-entraining agent

Color
Dark brown

Specific gravity
1.07

pH
7.8

Brown

1.01

10

Mix Proportions
General Information
The mix design was conducted in two phases. Phase I investigated how aggregate size and type
influenced the void ratio and strength of pervious concrete, and Phase II investigated the effects
of sand, latex, and silica fume on pervious concrete properties. The proportions of all prepared
mixes are summarized in Table 10. Mix identification begins with a number that indicates the
size of the aggregate. Following the number are two letters indicating the aggregate type, and
then either S for sand, L for latex, or SF for silica fume. The numbers following these letters
indicate the percent of the material used in the mix.
The binder to aggregate ratio varied from 0.20 to 0.24, with a ratio of 0.21 found to provide the
best particle coverage without excess cement paste. The effects of the percentage of latex on the
pervious concrete's workability, strength, and water reduction were initially investigated to
determine the optimum percentage used in all other mixes.
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Specimen Preparation
Initial samples were prepared with single-sized 3/8-inch river gravel using the traditional
concrete mixing procedure, in which aggregate, water, and admixtures are mixed before the
addition of cement. Using this mixing procedure, it was observed that the samples, when
subjected to compression, failed at the interface between the cement paste and the aggregate.
This failure is indicated by the exposed intact aggregate at the failure surface, as shown in Figure
9a. Therefore, a second mixing procedure was conducted to improve the bond between the
cement paste and the aggregate by dry mixing a small amount of cement (<5% by mass) with the
aggregate until completely coated (about one minute). Next, the remaining cement and water
(with or without HRWR) was added. Finally, the concrete was mixed for three minutes, allowed
to rest for three minutes, and then mixed for an additional two minutes before casting. Samples
produced from this modified mixing procedure failed through the aggregate (see Figure 9b),
which increased the compressive strength of the mix. The limestone mixes showed no significant
increase in strength due to the textured nature of the limestone.
Exposed
gravel

Broken
gravel

(a) Mixing procedure 1

(b) Mixing procedure 2

Figure 9. Failure surface of sample mixes using the two mixing procedures
All cylindrical specimens were placed by rodding 25 times in three layers while applying a
vibration for five seconds after rodding each layer. The samples were then demolded after 24
hours, placed in a fog room at 98% relative humidity, and cured according to ASTM C192.
Before compression testing, the cylinders were capped using a sulfur capping compound,
according to ASTM C617. To vibrate the samples, two vibrating tables with amplitudes of
0.005-inches and 0.0034-inches, which were identified as regular and low compaction energies,
respectively, were used initially to investigate the effect of compaction energy on PCPC
properties.
Cylinders 4 inches in diameter and 8 inches in length were used for both compression and tensile
strength tests. Cylinders with a diameter of 3 inches and a length of 6 inches were used to
determine the void ratio, and cylinders 3 inches in diameter and 3 inches in length were used to
measure permeability. Beams with a cross-section of 3 inches by 3 inches and a length of 16
inches were used for the freeze-thaw tests.

19

20

Binder
Compct. Agg.
Agg.
Cement
Latex
Silica fume Agg.
Mix number
lvl. ***
type
size
(lb/yd3)
(lb/yd3)
(lb/yd3)
(lbs/yd3)
No. 4-RG
Reg.
RG
No. 4
578
2700
3/8-RG
Reg.
RG
3/8"
600
2700
1/2-RG
Reg.
RG
1/2"
550
2700
3/8-LS
Reg.
LS
3/8"
578
2700
No. 4-RG-S7
Reg.
RG
No. 4
571
2500
No. 4-RG-L10
Reg.
RG
No. 4
525
52.5
2700
No. 4-RG-L5
Reg.
RG
No. 4
542.5
28.6
2500
No. 4-RG-S7-L10
Reg.
RG
No. 4
520
52
2500
No. 4-RG-S7-L10
Low
RG
No. 5
520
52
2500
No. 4-RG-S7-L15
Reg.
RG
No. 4
485.4
85.7
2500
Low
RG
3/8"
571
2500
3/8-RG-S7
3/8-RG-S7
Reg.
RG
3/8"
571
2500
3/8-RG-SF5
Reg.
RG
3/8"
522.5
27.5
2700
3/8-RG-S7-L10
Reg.
RG
3/8"
520
52
2500
1/2-RG-SF5
Reg.
RG
1/2"
522.5
27.5
2700
Low
LS
3/8"
571
2500
3/8-LS-S7
3/8-LS-S7
Reg.
LS
3/8"
571
2500
3/8-LS-SF5
Reg.
LS
3/8"
522.5
27.5
2700
3/8-LS-S7-L10
Low
LS
3/8"
571
57.1
2500
3/8-LS-S7-L10
Reg.
LS
3/8"
571
57.1
2500
3/8-PG
Reg.
PG
3/8"
578
2700
No. 4-PG
Low
PG
No. 4
578
2700
No. 4-PG
Reg.
PG
No. 5
578
2700
No. 4-PG-L10
Low
PG
No. 4
525
52.5
2700
RG: River Gravel, LS: Limestone, PG: Pea Gravel
*Latex solids not considered a cementitious material
**Sand is included in the gradation of pea gravel
***Regular indicates 0.005 inch vibration amplitude and Low indicate 0.0034 inch vibration amplitude

Table 10. Phase I and II mix proportions

Phase I

Phase II

Sand
(lbs/yd3)
168
168
168
168
168
168
168
168
168
168
168
168
-

Water
(lbs/yd3)
156.1
162
148.5
156.1
154.2
115.5
157.3
114.4
114.4
106.8
154.2
154.2
141.1
114.4
141.1
154.2
154.2
141.1
125.6
125.6
156.1
156.1
156.1
115.5

HRWR
AEA
(oz/100 lb (oz/100 lb water/
PC)
PC)
cementitious
2.15
4.25
0.27
2.15
4.25
0.27
2.15
4.25
0.27
2.15
4.25
0.27
2.15
4.25
0.27
0.22
0.29
0.22
2.15
0.22
0.22
2.15
4.25
0.27
4.25
0.27
2.15
4.25
0.27
0.22
2.15
4.25
0.27
2.15
4.25
0.27
2.15
4.25
0.27
2.15
4.25
0.27
0.22
0.22
2.15
4.25
0.27
2.15
4.25
0.27
2.15
4.25
0.27
2.15
4.25
0.22

Summary of Materials, Specimen Preparation, and Mix Proportions
!
!

!
!
!
!

Singled-sized coarse aggregate, river gravel (No.4, 3/8-inch, and 1/2-inch), and
crushed Limestone (3/8-inch) were used in PCPC mixes.
Two pea gravel gradations were used in this study: (1) No. 4-PG, which has 87%
retained on the No. 4 and 1.4% passing the No. 8 sieve; and (2) 3/8-PG, which has
33% retained on the 3/8-inch, 60% retained on the No. 4, and 0.2% passing the No. 8
sieve.
Three binding materials were used in this research: cement, silica fume, and a latex
polymer.
A modified mixing procedure, where 5% cement content was dry-mixed with the
aggregate, improved the paste-aggregate bond and mix strength.
The cement content used in the prepared mixes was varied to reduce excess paste
content. A binder to aggregate ratio of 0.21 was found to provide particle coverage
with no excess cement.
Standard concrete sand with a fineness modulus of 2.9 was used in a number of mixes
at a ratio of 7% sand to coarse aggregate.
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TESTING PROCEDURES
A number of standard tests were conducted to characterize the PCPC mix properties, including
slump, void ratio, permeability, unconfined compressive strength, split tensile strength, and
freeze-thaw tests. The methods and calculations used in these tests are summarized below.
Workability of fresh concrete was determined by a standard slump cone test following ASTM
C143. Compressive strength tests were performed according to ASTM C39, and splitting tensile
tests were performed according to ASTM C496.
The void ratio of pervious concrete was determined by calculating the difference in weight
between the oven dry sample and the saturated under water sample and using Equation 1 (Park
and Tia 2004).

Vr $ [1 # (

W2 # W1
)]100(%)
" w Vol

(1)

Where,
Vr = total void ratio, %
W1 = weight under water, F
W2 = oven dry weight, F
Vol = volume of sample, L3
!w = density of water, F/L3
The permeability of the samples was determined using the falling head permeability test
apparatus illustrated in Figure 10. A flexible sealing gum was used around the top perimeter of
the sample to inhibit water leakage along the sides of the sample. The samples were then
confined in a membrane and sealed in a rubber sleeve, which was surrounded by adjustable hose
clamps. The test was performed using several water heights, which represented values that a
pavement may experience in practice. The average coefficient of permeability (k) was
determined using Equation 2 (see Das 1998).
k$

*h
aL
LN (( 1
At
) h2

'
%%
&

(2)

Where,
k= coefficient of permeability, L/T
a = cross-sectional area of the standpipe, L2
L = length of sample, L
A = cross-sectional area of specimen, L2
t = time for water to drop from h1 to h2, T
h1 = initial water level, L
h2 = finial water level, L
Selected mixes with an adequate void ratio and seven-day compressive strength were further
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investigated using strength tests as a function of time and freeze-thaw resistance according to
ASTM C666, procedure A, in which samples were frozen and thawed in saturated conditions.
The test was completed when the sample reached 300 cycles or 15% mass loss, which was
determined to represent a terminal serviceability level. Due to the change in crushed limestone
properties described in the Aggregate Properties section of this report, and although the tests
were performed on PCPC mixes with limestone aggregate, the freeze-thaw results presented in
this report focus on the performance of pervious concrete made using No. 4 river gravel and 3/8inch river gravel, which showed high seven-day compressive strength and adequate
permeability.
In addition, X-ray computed tomography scanning (CT scanning) was conducted on selected
initial samples to obtain views of the void continuity. The testing methods used are discussed in
the Appendix.

Figure 10. Permeameter used to measure the permeability of pervious concrete samples

Summary of Testing Procedures

!
!
!
!

Compressive strength was tested at 7 days for all mixes and at 21 days and 28 days
for selected mixes.
Split tensile strength was tested at 28 days for selected mixes.
Permeability was measured using a falling head permeameter at representative water
levels.
Saturated freeze-thaw testing was performed on selected mixes for 300 cycles or up
to a 15% mass loss.
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RESULTS
Effect of Aggregate Type and Size

The slump of all mixes ranges from 0 to 0.5 inches. The void ratio of a mix is a function of many
factors, including compaction energy, sand content, and type and size of aggregate used in the
mix. For the river gravel mixes, it was found that the average PCPC void ratios tend to increase
as the aggregate size increases (see Figure 11), with a lower void ratio when sand is in the mix.
The pea gravel used in mix 3/8-PG had the highest seven-day compressive strength (4,027 psi)
and the lowest void ratio (11.2%) and coefficient of permeability (14.4 inches/hour). Mix No. 4PG had the lowest strength of the mixes that used pea gravel, with a seven-day strength of 2,526
psi, a void ratio of 20.9%, and a coefficient of permeability of 468 inches/hour.
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Figure 11. Relationship between river gravel aggregate size and PCPC void ratio

The abrasion test results reported in Table 11 show that river gravel has higher abrasion
resistance (which also indicates aggregate strength) than crushed limestone. The effects of
aggregate properties on the mix properties can be illustrated by comparing mixes No. 4-RG and
3/8-LS, which have the same mix proportions but different aggregate types. Mix No. 4-RG has a
higher seven-day compressive strength than mix 3/8-LS (2,100 psi vs. 1,396 psi, respectively).
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Table 11. Engineering properties of PCPC mixes

Mix*

Compact.
level**

Unit
weight
(lbs/ft3)

Void
ratio
(%)

Compressive strength (psi)
7-day
21-day 28-day

Split
strength
(psi)

Permeability
(in./sec.)

No. 4-RG

Regular

117.5

25.3

2100

2385

2506

287

0.10

3/8-RG

Regular

116.9

28.8

1771

-

-

-

-

1/2-RG

Regular

112.9

38.8

1145

-

-

-

-

3/8-LS

Regular

104.1

33.6

1396

1663

1722

205

0.57

No. 4-RG-S7

Regular

127.7

18.3

3299

3380

3661

429

0.04

No. 4-RG-L10

Regular

135.2

12.9

3142

-

-

-

-

No. 4-RG-L5

Regular

120.3

26.0

1307

-

-

-

-

No. 4-RG-S7-L10

Regular

126.8

19.0

2969

3313

3349

453

0.07

No. 4-RG-S7-L10

Low

123.0

23.2

1737

1848

1960

197

0.26

No. 4-RG-S7-L15

Regular

132.2

14.1

2735

-

-

-

0.02

3/8-RG-S7

Low

121.6

22.5

2725

2735

2830

301

0.13

3/8-RG-S7

Regular

130.9

20.5

3262

-

-

-

0.19

3/8-RG-SF5

Regular

111.6

33.0

1347

-

-

-

-

3/8-RG-S7-L10

Regular

127.3

20.2

2641

-

2924

-

0.09

1/2-RG-SF5

Regular

110.5

33.6

1313

-

-

-

-

3/8-LS-S7

Low

107.8

33.2

1504

2024

2096

203

0.59

3/8-LS-S7

Regular

119.8

23.0

3229

-

-

-

0.09

3/8-LS-SF5

Regular

98.6

41.8

784

-

-

-

-

3/8-LS-S7-L10

Low

111.3

28.8

1796

1870

2045

201

0.25

3/8-LS-S7-L10

Regular

117.4

25.7

2483

-

-

-

0.19

3/8-PG

Regular

138.9

11.2

4027

-

-

-

0.004

No. 4-PG

Low

125.2

20.9

2526

2963

3113

249

0.13

No. 4-PG

Regular

125.3

22.6

2773

-

-

-

0.13

No. 4-PG-L10
Low
122.9
22.9
2099
2426
2452
231
0.28
*Mix Names: N-X-YJ
N = is the aggregate size which indicate the size of the sieve on which 100% of the aggregate is retained on
X = RG for River Gravel, LS for Limestone, PG for Pea Gravel
Y: S for Sand with J%, L for Latex with L%, SF for Silica Fume with M%
**Regular compaction indicates using a vibrating table with 0.005 inch amplitude and Low compaction indicate
using a vibrating table with 0.0034 inch amplitude

Effect of Sand, Latex, and Silica Fume

The results of Phase I (see Table 11) indicate that the void ratio of mixes 4-RG, 3/8-RG, 1/2-RG,
and 3/8-LS were all greater than 25%, and the seven-day compressive strength ranged from
1,393 psi to 2,100 psi. Among the four mixes, 3/8-LS had the highest void ratio and the lowest
compressive strength; however, 4-RG had the highest strength and the lowest void ratio.
For Phase II test results, mixes 3/8-PG and No. 4-RG-S7 had the highest compressive strength.
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The mixes that show the maximum compressive strength for both river gravel and crushed
limestone are those that include sand and no latex. No. 4-RG-S7 had a 28-day compressive
strength of 3,661 psi, and mix 3/8-LS-S7 had a compressive strength of 2,096 psi.
The effect of using sand in pervious concrete mixes placed using regular compaction energy was
investigated by replacing 7% by weight of the coarse aggregate with fine sand. When comparing
mixes No. 4-RG, 3/8-RG, and 3/8-LS to mixes No. 4-RG-S7, 3/8-RG-S7, and 3/8-LS-S7, the
seven-day compressive strength increases by 57%, 54%, and 8%, and the void ratio decreases by
7%, 6%, and 0.4%, respectively. However, the permeability of mix No. 4-RG-S7 was 60% less
than mix No. 4-RG (141.7 inches/hour and 354 inches/hour, respectively). Nevertheless, the
measured permeability for this mix was much higher than the maximum permeability required to
drain the maximum 25-year, 24-hour storm across the United States (i.e., 12 inches), as
discussed in the literature review.
Crushed limestone LS1 and LS2 were used to prepare mixes 3/8-LS and 3/8-LS-S7, respectively.
In comparing the aggregate properties of the crushed limestone used in these two mixes, which
were placed using the same compaction energy, it was concluded that the strength increase may
have been influenced by the change in aggregate properties as described in the Aggregate
Properties section of this report.
When latex was added to mix No. 4-RG (in mix No. 4-RG-L10), the seven-day compressive
strength was improved by 50% and the void ratio was reduced by 12.4%. When both latex and
sand were used in No. 4-RG-S7-L10 with regular compaction energy, the increase in seven-day
compressive strength was less than that achieved using only sand or latex. However, the
permeability increased from 144 inches/hour to 252 inches/hour. Furthermore, mixes No. 4-RGL10 and No. 4-RG-S7-L10, placed with regular compaction energy, showed an increase of 49%
and 58% in split strength, respectively, over mix No. 4-RG (429 psi and 453 psi vs. 287 psi).
Silica fume was added at 5% replacement of cement by mass to improve the cement paste
strength. When added to mix 3/8-RG (in mix 3/8-RG-SF5), the seven-day compressive strength
of the samples decreased by 24% and the void ratio increased by 4.2%. When silica fume was
added to mix 3/8-LS to prepare mix 3/8-LS-SF5, the seven-day compressive strength decreased
by 44% while the void ratio increased by 8.2%. It is estimated that this decrease in strength was
due to an increase in the mix void ratio caused by the silica fume. No additional tests were
conducted because of this strength decrease.
Void Ratio and Compressive Strength Trends

The development of compressive strength as a function of time is shown in Figure 12 for three
mixes with No. 4 river gravel, two mixes with 3/8-inch river gravel, three mixes with 3/8-inch
crushed limestone, and two mixes with No. 4 pea gravel. The general trend is an increase in
strength as a function of time, with the highest strength gain in the first seven days. When
comparing mixes No. 4-RG-S7 and No. 4-PG with mixes No. 4-RG-S7-L10 and No. 4-PG-L10,
it was observed that using latex hindered strength improvement between the 21st and 28th days.
For all mixes prepared using regular compaction energy, the compressive strength of pervious
concrete decreased linearly as the void ratio increased (see Figure 13). For both river gravel and
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crushed limestone, the decrease in strength as a function of void ratio is also linear (see Figures
14 and 15). At regular compaction effort, the seven-day compressive strength projected to zero
void ratio for mixes with limestone is greater than that for mixes with river gravel (5,874 psi vs.
4,745 psi). However, limestone mixes show a greater decrease in strength as the void ratio
increases (125.7 psi vs. 100.5 psi per each percent of void ratio change).
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Figure 12. Strength development with time
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Figure 13. Relationship between void ratio and seven-day compressive strength for all
mixes placed using regular compaction energy
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Figure 14. Relationship between void ratio and seven-day compressive strength for river
gravel and pea gravel mixes placed using regular compaction energy
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Figure 15. Relationship between void ratio and seven-day compressive strength for
limestone mixes placed using regular compaction energy

Figure 16 shows the relationship between the 28-day compressive strength and 28-day split
strength of pervious concrete for mixes placed using regular compaction energy. This
relationship is linear, with the split strength equal to about 12.3% of the compressive strength.
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Figure 16. Relationship between 28-day compressive strength and 28-day split strength

The unit weight for all mixes prepared using regular compaction energy decreases linearly as a
function of void ratio. Figure 17 shows the relationship between unit weight and void ratio,
where mixes with the lowest void ratios had the highest unit weights, and, oppositely, mixes with
the highest void ratios had the lowest unit weights.
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Figure 17. Relationship between unit weight and void ratio for all mixes placed using
regular compaction energy
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Void Ratio and Permeability Trends

Figure 18 shows that the coefficient of permeability of PCPC mixes increases exponentially as a
function of void ratio, with the permeability rapidly increasing for voids greater than 25%. For
all mixes, the coefficient of permeability ranges from 14 inches/hour to 2,050 inches/hour.
Figure 19 shows that as the permeability increases as a function of void ratio, the strength
linearly decreases. Mixes with a void ratio between 15% and 19% achieve both an adequate
seven-day compressive strength of about 3,000 psi or more and a permeability between 135
inches/hour and 240 inches/hour, indicated in Figure 19 as the limits of the target region. It has
been observed that mixes that achieve both the required strength and adequate permeability have
a unit weight ranging from 127 pcf to 132 lbs/ft3. This value of the pervious concrete unit weight
could be used as a quick quality control/quality assurance indicator at the time of placing
pervious concrete.
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Figure 18. Relationship between pervious concrete void ratio and permeability for all
mixes placed using regular compaction energy
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Figure 19. Relationship between pervious concrete void ratio, permeability, and seven-day
compressive strength for all mixes placed using regular compaction energy

Effect of Compaction

PCPC properties were evaluated using two levels of compaction energy, regular and low.
Regular compaction energy represents a vibration table with an amplitude of 0.005 inches, while
low compaction energy represents a vibration table with amplitude of 0.0034 inches, which is
68% of the regular compaction energy.
Table 12 summarizes the test results of three identical mixes compacted using regular and low
compaction energies. These results show that using low compaction energy resulted in reduced
unit weight, increased void ratio, increased permeability, and reduced compressive strength.
The effects of compaction energy on the trends of compressive strength, split strength, unit
weight, and permeability are presented in Figures 20, 21, 22, and 23. These results indicate that
compaction affects PCPC properties by reducing compressive strength, split strength, and unit
weight and by increasing permeability. For example, Figure 20 shows that the average seven-day
compressive strength at a 22% void ratio decreases from 2,603 psi to 2,315 psi, which represents
an 11% reduction. Figure 21 shows that the split strength decreases from about 12.3% to about
9.5% of the compressive strength as the compaction energy decreases from regular energy to low
energy. Figure 23 indicates that the average permeability of PCPC at a void ratio of 22%
increases from 372 inches/hour to 614 inches/hour, which represents a 65% increase. The effect
of compaction using other compaction energies and larger number of samples is recommended
for future research.
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Table 12. Effect of compaction energy on pervious concrete material properties

Mix
No. 4-RG-S7-L10
No. 4-RG-S7-L10
3/8-LS-S7
3/8-LS-S7
3/8-LS-S7-L10
3/8-LS-S7-L10

Compaction
energy
Regular
low
Regular
low
Regular
low

Unit
weight
(lbs/ft3)
126.8
123
119.8
107.8
117.4
111.3

Void
ratio (%)
19
23.2
23
33.2
25.7
28.8

Seven-day
compressive
strength (psi)
2,969
1,737
3,229
1,504
2,483
1,796

Permeability
(in./hr)
252
936
324
2124
684
900
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Figure 20. Effect of compaction energy on seven-day compressive strength for all
aggregates used

32

28-day Split Tensile Strength (psi)

500

Tensile strength = 0.1228 * Compressive Strength
2
R = 0.94

450

Regular compaction energy
Low compaction energy

400
350
300
250
200

Tensile strength = 0.0946 * Compressive Strength

150

2
R = 0.59

100
1500

2000

2500

3000

3500

4000

28-day Compressive Strength (psi)

Figure 21. Effect of compaction energy on the relationship between compressive strength
and split strength
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Figure 22. Effect of compaction energy on unit weight for all aggregates used
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Figure 23. Effect of compaction energy on seven-day compressive strength and
permeability trends for all aggregates used

Key Findings from Laboratory Testing

!
!
!
!
!
!

!
!
!
!

For the three sizes of river gravel tested (No.4, 3/8-inch, 1/2-inch), larger aggregate
produces concrete with a higher void ratio.
Stronger river gravel aggregate produces PCPC with a higher strength than that of the
crushed limestone.
Using sand and/or latex in PCPC mixes increases strength and reduces permeability
for both types of aggregate.
Mixes containing only sand have a greater increase in strength than mixes containing
sand and latex.
Mixes containing silica fume have higher void ratios and lower strengths than
baseline mixes with single-sized coarse aggregate, cement, and water.
The compressive strength of samples containing both types of aggregates decreases
linearly as the void ratio increases, with the strength of mixes that contain river gravel
decreasing more rapidly than the strength of mixes containing limestone, as a
function of void ratio.
The unit weight of PCPC decreases linearly as the void ratio increases.
Permeability increases exponentially as the void ratio increases, with a rapid increase
in permeability when voids are above 25%.
Mixes with a void ratio between 15% and 19% achieve both an adequate seven-day
compressive strength of about 3,000 psi or more and a permeability between 135 and
240 inches/hour.
It has been observed that mixes that achieve both the required strength and adequate
permeability have a unit weight ranging from 127 pcf to 132 lbs/ft3. This value of the
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pervious concrete unit weight could be used as a quick quality control/quality
assurance indicator at the time of placing pervious concrete.
Compaction affects PCPC properties by reducing compressive strength, split strength,
and unit weight and by increasing permeability.
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FREEZE THAW RESULTS
Phase I

Of the Phase I mixes, two baseline mixes were selected for freeze-thaw testing, one containing
river gravel (mix No. 4-RG) and one containing crushed limestone (mix 3/8-LS). The mass loss
of these samples as a function of freeze-thaw cycles are shown in Figure 24. Mix No. 4-RG
reached a 15% mass loss at 153 cycles, and mix 3/8-LS did so at 196 cycles, both primarily
through aggregate deterioration.
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Figure 24. Results of freeze-thaw durability testing
Phase II

Phase II modified the mixes by adding only sand, only latex, and sand with latex. Figure 24
shows that samples of mix no. 4-RG-S7 did not fail after 300 cycles and experienced only 2.1%
mass loss. However, other mixes failed before reaching 300 cycles. At failure, the mass losses of
mixes No. 4-RG and No. 4-RG-S7-L10 were 18.8% and 15.5%, respectively. Figures 25 ad 26
present the freeze-thaw beams before and after testing for mixes No. 4-RG-S7-L10 and No. 4RG-S7, respectively. These figures show a significant mass loss of sample No. 4-RG-S7-L10
compared with sample No. 4-RG-S7.
For low compaction energy, 3/8-RG-S7 failed at 136 cycles, with a mass loss of 15.8%. The pea
gravel mixes (No. 4-PG and No. 4-PG-L10) failed at 84 cycles, with mass losses of 12.1% and
20.3%, respectively. Both mix mix 3/8-LS-S7-L10 and 3/8-LS-S7 failed at 110 cycles, as shown
in Figures 27 and 28, respectively. At failure, the mass losses of samples 3/8-LS, 3/8-LS-S7, and
3/8-LS-S7-L10 were 15.2%, 7.8%, and 11.4%, respectively.
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(a) Before freeze-thaw

(b) After 216 freeze-thaw cycles

Figure 25. Failure of freeze-thaw beam for mix No. 4-RG-S7-L10 after 216 cycles

(a) Before freeze-thaw

(b) After 300 freeze-thaw cycles

Figure 26. Freeze-thaw beam before and after testing for mix No. 4-RG-S7 after 300 cycles

(a) Before freeze-thaw

(b) After 110 freeze-thaw cycles

Figure 27. Freeze-thaw beam showing failure of mix 3/8-LS-S7-L10 after 110 cycles

(a) Before freeze-thaw

(b) After 110 freeze-thaw cycles

Figure 28. Freeze-thaw beam showing failure of 3/8-LS-S7 after 110 cycles

Effect of Aggregate Type and Size on Freeze-Thaw Durability

The mechanisms of PCPC failure when subjected to freeze-thaw cycles are either a result of
aggregate deterioration or cement paste matrix failure. Aggregate failure is observed in the
deterioration or splitting of the aggregate, in which a portion of an aggregate particle becomes
separated from the concrete. Cement paste failure is observed in the unraveling of entire pieces
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of aggregate from the concrete. The mechanisms of failure for the tested mixes are summarized
in Table 13. In general, mixes containing limestone (mix 3/8-LS) failed through the deterioration
of the aggregate. However, mixes containing the smaller size No. 4 river gravel (mix No. 4-RG)
failed due to aggregate deterioration and splitting. Mixes containing river gravel larger than No.
4 (3/8 inch) failed due to entire aggregate pieces becoming detached from the cement matrix.
Although there are exceptions for each failure mode, these are the general trends observed
during this study. Figures 25 and 26 show beams of mixes No. 4-RG-S7-L10 and No. 4-RG-S7
at the beginning and the end of freeze-thaw tests. The figures illustrate the significant mass loss
in mix No. 4-RG-S7-L10. The majority of the mass loss was through splitting of the aggregates.
Table 13. Mechanisms of freeze-thaw failure
Mix
No. 4-RG
No. 4-RG-S7
No. 4-RG-S7-L10
3/8-LS
3/8-LS-S7
3/8-LS-S7-L10
No. 4-PG
No. 4-PG-L10
3/8-RG-S7

Compaction energy
Regular
Regular
Regular
Regular
Low
Low
Low
Low
Low

Primary failure type
Aggregate
No failure
Aggregate
Aggregate
Aggregate
Aggregate + paste
Aggregate + paste
Aggregate + paste
Paste

Effect of Sand and Latex on Freeze-Thaw Durability

The test results of mix No. 4-RG-S7-L10 show less freeze-thaw resistance than mix No. 4-RGS7, in which sand and air entrainment were used. Although latex has some inherent air
entraining ability (AEA), the samples containing a standard AEA showed better freeze-thaw
resistance than the sample relying on latex for air entrainment. Pea gravel mixes placed using
low compaction energy (mixes No. 4-PG and No. 4-PG-L10), which included AEA whether the
mix contained latex or not, failed at 84 cycles. This indicates a weak freeze-thaw durability.
These freeze-thaw test results also indicate that pervious concrete made with river gravel and 7%
river sand (90% passing sieve No. 8) showed the best performance among all prepared mixes.
Effect of Compaction on Freeze-Thaw Durability

It was noted earlier in this report that two different compaction energies were used to prepare
PCPC samples. Of the nine mixes on which freeze-thaw durability tests were performed, five of
those mixes were prepared using low compaction energy. Three of the five low compaction
energy samples failed by fracturing into three or four equally sized sections before reaching 15%
mass loss (mixes 3/8-LS-S7, 3/8-LS-S7-L10, and No. 4-PG). This was not observed for any
other samples. Furthermore, samples prepared at regular compaction energy failed through the
aggregate, while failure through aggregate and paste was observed for mixes prepared at low
compaction energy. The other two mixes (3/8-RG-S7 and No. 4-PG-L10) failed before
completing 150 cycles. All mixes compacted using the higher energy completed 150 cycles, with
the majority failing after 200 cycles. Therefore, it is concluded that compaction has an important
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effect on PCPC strength and freeze-thaw durability and needs further investigation.
Key Findings from Freeze-thaw Testing

!

!
!
!
!

The mechanisms of PCPC failure when subjected to freeze-thaw cycles are a result of
either aggregate deterioration or cement paste matrix failure. In general, mixes
containing limestone (mix 3/8-LS) failed through deterioration of the aggregate.
However, mixes containing the smaller size No. 4 river gravel (mix No. 4-RG) failed
due to aggregate deterioration and splitting.
Mixes that contained sand and/or latex had better freeze-thaw resistance than those
that did not.
Mixes containing single-sized river gravel with 7% sand showed the best
performance when subjected to freeze-thaw cycles, with 2% mass loss after 300
cycles.
Samples prepared at regular compaction energy failed through the aggregate, while
failure through aggregate and paste was observed for mixes prepared at low
compaction energy.
Compaction energy has a significant effect on the freeze-thaw durability of PCPC.
Therefore, further investigation of the effects of compaction on PCPC properties is
recommended.
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SUMMARY AND CONCLUSIONS

Low strengths and limited freeze-thaw test results have hindered the use of pervious concrete in
the Midwestern and Northeastern United States. However, pervious concrete mixes that posses
adequate strength, permeability, and freeze-thaw resistance were developed.
Relevant Literature

!
!

!

The advantages of pervious concrete include improving skid resistance by removing
water during rainy days, reducing noise, minimizing the heat island effect in large
cities, preserving native ecosystems, and minimizing costs in some cases.
A typical cross-section of pervious pavement consists of a pervious concrete layer (4
to 6 inches thick), a permeable base with a thickness up to 18 inches, and a permeable
subgrade. If the subgrade permeability is low, drainage pipes could be used to drain
water, which could increase the cost of the system.
Typical mix design of pervious concrete used in the United States consists of cement,
single-sized coarse aggregate (between the one-inch and No. 4 sieve sizes), and a
water to cement ratio ranging from 0.27 to 0.43. The 28-day compressive strength of
pervious concrete ranges from 800 psi to 3,000 psi, with a void ratio ranging from
14% to 31% and a permeability ranging from 36 inches/hour to 864 inches/hour.

Mixing Proportion and Mixing Procedures

!

!

!
!

Two types of single-sized coarse aggregate, crushed limestone and river gravel, were
used in this study. Three sizes of single-sized river gravel were used: (1) 1/2-inch
size, with 100% passing the 5/8-inch and 100% retained on the 1/2-inch sieve; (2)
3/8-inch size, with 100% passing the 1/2-inch and 100% retained on the 3/8 inch
sieve; and (3) No. 4 size, with 100% passing the 3/8-inch and 100% retained on the
No. 4 sieve. Additionally single-sized 3/8-inch crushed limestone and two gradations
of commercially available river gravel, known as pea gravel, were used. The effects
of using a small percentage of sand, latex, and silica fume on pervious concrete
engineering properties were investigated.
The dry rodded unit weight, the void ratio, the specific gravity, and the abrasion
resistance of river gravel and crushed limestone aggregates were determined. These
properties indicate that river gravel has a higher unit weight and abrasion resistance
than crushed limestone.
Dry mixing of 1% of the cement with the aggregate was performed for one minute.
Samples that employed this modified mixing procedure failed through the aggregate
and increased the seven-day compressive strength of the mix.
The cement content used in the prepared mixes was varied to reduce excess paste
content. A binder to aggregate ratio of 0.21 and water to cement ratio of 0.27 was
found to be optimum in terms of strength, permeability, and void ratio. Mixes were
prepared using percentages of latex ranging from 0% to 15% by weight of solids to
cementitious materials. In comparing seven-day strengths, it was found that the
optimum latex content is 10%.
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All specimens were placed by rodding 25 times in three layers while applying a
vibration for five seconds after rodding each layer. To evaluate the effect of
compaction on pervious concrete properties, two vibrating amplitudes of 0.005 and
0.0034 inches, identified as regular and low compaction energies, respectively, were
used.

Laboratory Test Results

!
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For the three sizes of river gravel (No.4, 3/8-inch, 1/2-inch), larger aggregate sizes
produce concrete mixes with higher void ratios. Pervious concrete mixes made from
aggregates with higher abrasion resistance results in higher strength PCPC.
Adding sand and/or latex increases strength and reduces permeability for both
aggregate types. Mixes containing only sand experience a greater increase in strength
than mixes containing sand and latex. Mixes containing silica fume have higher void
ratios and lower strengths than the mixes without.
Pervious concrete engineering properties vary as a function of void ratio. The
compressive strength decreases linearly as the void ratio increases, unit weight
decreases linearly as the void ratio increases, and permeability increases
exponentially as the void ratio increases, with a rapid increase in permeability at void
ratios greater than 25%.
Overall, results at regular compaction energy indicate that mixes with void ratios
between 15% and 19% produce seven-day compressive strengths ranging from 3,300
to 2,900 psi and permeability factors ranging from 135 to 240 inches/hour. These
mixes had unit weights between 127 and 132 pcf. Furthermore, the split strength of
PCPC was found to be about 12% of the compressive strength.
Freeze-thaw test results indicate that a mass loss of about 15% represents a terminal
serviceability level for a pavement surface. Mixes that contain sand, latex, or both
have better freeze-thaw resistance than baseline mixes containing only single-sized
aggregate. Mixes that contain single-sized aggregate with sand have the best freezethaw resistance. Mix No. 4-RG-S7 with air entrainment showed the best freeze-thaw
durability, with 2% mass loss after 300 cycles.
Compaction affects PCPC properties by reducing compressive strength, split strength,
and unit weight and by increasing permeability.
Results presented in this report suggest that well-designed pervious concrete mixes
can meet the strength, permeability, and freeze-thaw resistance requirements for cold
weather climates.
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FUTURE RESEARCH
Effect of Aggregate Properties

Although a limited number of aggregate sizes and types were evaluated in this study, it is
concluded that aggregate engineering properties (abrasion resistance, which indicates strength)
must be evaluated to design high-quality PCPC. Creating freeze-thaw-durable PCPC mixes that
can function throughout the United States will require evaluating a larger variety of aggregates
that represent the typical varieties found across the United States. Evaluating more aggregate
types will allow the development of a minimum aggregate quality specification to produce
durable PCPC.
Effect of Compaction

Preliminary results indicate that compaction energy affects PCPC properties, with the most
pronounced effect on freeze-thaw behavior. More research is required to determine the
relationship between compaction energy and PCPC properties that include strength, void ratio,
permeability, and freeze-thaw durability. By determining this relationship, standardized methods
for PCPC placement can be developed and modified to produce high-quality PCPC, and
performance can be predicted through calibration with lab-scale methods.
Other Methods of Strength Improvement

This study evaluated the effects of using silica fume, latex, and sand to improve PCPC
properties. Other materials exist that may increase PCPC strength and durability. Polypropylene
fibers, for instance, add tensile strength and durability to standard concrete and should be
evaluated in pervious concrete. Preliminary results show that fibers increase both compressive
and split strength without affecting void ratio or permeability.
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Void Continuity Index for Pervious Concretes Using X-Ray
Computed Tomography Scanning

by

Clinton Halverson, David J. White, Ph.D., and Joseph Gray, Ph.D.
Iowa State University
Department of Civil, Construction and Environmental Engineering, and
Center for Nondestructive Evaluation (CNDE)

INTRODUCTION

Portland cement pervious concrete (PCPC) is a specially designed concrete mixture with a void
structure such that water can drain through the material. One characteristic of the unique mix
design is that it is made without the fine aggregate portion, which normally fills voids between
the larger aggregate particles. By using only the larger aggregate fraction and a relatively
uniform aggregate size, an open and connected void structure can be created. A potential benefit
of PCPC is the ability to drain and store stormwater locally beneath parking lots, driveways, etc.
This prevents water runoff and potentially reduces water contamination.
To fully evaluate the matrix of voids that allow water to flow through the concrete, it is
important to be able to view samples internally in three dimensions (3-D). That need is met
nondestructively by using X-ray computed tomography (X-ray CT). This report describes the
preliminary experimental results using X-ray CT on four PCPC lab samples produced from
different mixtures of aggregates, cement, and water-cement ratios.
OBJECTIVES

The objectives of applying X-ray CT in the analysis of PCPC are the following:
1. Scan and digitally reconstruct high quality 3-D images of PCPC cylinders
2. View pore spaces/pathways and quantify their continuity
BACKGROUND

X-ray CT offers the world of material engineering the unique ability to view internal
characteristics of specimens nondestructively. This ability is made possible by using
measurements of X-ray attenuation, which is a function of material density. In short, the product
of this type of analysis is volumetric maps of material densities. The process works by
positioning a sample inside an X-ray fan beam and casting its shadow upon a special camera or
detector that translates X-ray energy into electrical current (see Figure A.1). As the sample is
rotated inside the X-ray fan beam, this shadow is translated into a two-dimensional cross-section.
By measuring several of these cross-sections at small intervals, the cross-sections can be stacked
one upon another to form 3-D digital representations of density.
At Iowa State University’s Center for Nondestructive Evaluation, complete microfocus X-ray
CT systems have been created, including the development of customized software for data
acquisition, volumetric file reconstruction, and visualization. A 64-node Linux computer cluster
is used in the CT reconstruction. The chamber used for these scans utilizes a 130-kilovolt
microfocus X-ray tube capable of 2.5-micron resolution and 1400x1400x500-voxel (3-D
resolution unit) data volumes (Zhang et al. 2003).
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Figure A.1. CT scanning setup

MATERIALS

Four PCPC samples were prepared using the procedures outlined in this report, shown in Table
A.1. Samples were saw cut into two equal-sized cylinders prior to X-ray CT scanning, resulting
in three-inch by three-inch cylinders (see Figure A.2).
Table A.1. Four mix designs scanned

Mix no.
3/8”-LS
No. 4-RG-S7-L10
No. 4-RG-S7
No. 4-RG

Aggregate type
Limestone
River gravel
River gravel
River gravel

Size

Cement
(lbs/yard)
550
520
571
578

3/8”
#4
#4
#4

Water/
cement
0.27
0.22
0.27
0.27

Void
ratio
0.34
0.19
0.18
0.25

k
(in./hr)
2052
256
155
353

METHODOLOGY

The PCPC samples illustrated in this report were scanned to produce volumetric files
dimensioned at 640x640x310 voxels, resulting in a cross-sectional resolution of 0.20 mm and a
vertical resolution of 0.33 mm. Scans were conducted at 130 kV and 0.11 mA. A 0.005-inch
copper filter was placed over the aperture of the X-ray tube to attenuate low-energy X-rays.
These low-energy X-rays are absorbed more readily in the exterior of a sample’s volume than Xrays with greater energy, causing erroneously high-density values towards sample edges. Scans
visually depict well-defined borders between solid aggregate or concrete and air phases within
samples. See Figures A.3 through A.7. For Figure A.7, each sample type is portrayed with both
solid and void phases (.1), only the solid phase (.2), and only the void phase (.3). Note that void
surfaces in contact with the cut surface appear lighter than those lying behind.
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3/8”-LS

No. 4-RG

No. 4-RG-S7-L10

No. 4-RG-S7

Figure A.2. PCPC samples provided for X-ray CT scanning

Figure A.3. Saw cut surface (left) and CT scan-produced surface (right) for the 3/8-inch-LS
specimen
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Figure A.4. Saw cut surface (left) and CT scan-produced surface (right) for the No. 4-RGS7-L10 specimen

Figure A.5. Saw cut surface (left) and CT scan produced surface (right) for the No. 4-RGS7 specimen
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Figure A.6. Saw cut surface (left) and CT scan produced surface (right) for the No. 4-RG
specimen

To quantify pore continuity in a sample, pore spaces were tracked vertically, starting from a
centrally located horizontal cross-section. Tracking pore spaces was completed by viewing
cross-sectional slices spatially in vertical order, one atop another, so that both vertical and lateral
pore branching could be followed. Results are presented in terms of a void continuity index
(VCI), an indication of whether or not pore spaces lead to radial (horizontal) or end (vertical)
exits and also which direction from the central cross-section the successful continuity propagates
towards (see Figure A.8). The equation for calculated VCI is expressed as the following:
VCI $

+A
+A

d

[1]

t

Where Ad is the total cross-sectional void area in the sample that has a drainage pathway out of
the sample (radially or vertically) and At is the total cross-sectional void area at the mid-height of
the sample across a horizontal slice.
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3/4
inch
SCALE

1.5
inch

3/4
inch

A.1)

A.2)

A.3)

B.1)

B.2)

B.3)

C.1)

C.2)

D.1)

D.2)

C.3)

D.3)

Figure A.7. Interior volumes from samples 3/8-inch-LS (A), No. 4-RG-S7-L10 (B), No. 4RG-S7 (C), and No. 4-RG (D)
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Pathway
Blocked

Radial Void
Continuity
Path

Up

End down Void
Continuity Path

Figure A.8. Simulated interior vertical profile depicting only radial continuity traveling up
and end continuity traveling down from the central cross-section

One central cross-section was analyzed per sample, and all voids dissected by cross-sectional
slice are included in the analysis. These areas are sometimes split into multiple pore sections if
the pore forks nearby. For instance, see voids OO and PP in the lower right-hand corner of
sample No. 4-RG-S7 in Figure A.9). When mapping pores, the void path moved vertically; that
is, the void could not backtrack to reach a radial or end exit. (For example, note that Figure A.8
does not exhibit end continuity traveling upwards.) This limiting of the void path was done to
simplify the analysis, but it also has practical implications, as follows: (1) pore continuity may
become clogged by sediments in field conditions, similarly to a trap in a sink; and (2)
backtracking the water path would provide slower drainage through a void matrix when
compared to a more direct route.
Once radial and end exit data were collected, the total areas attributed to successfully continuous
voids along the central cross-section were computed digitally to compare with the total crosssectional void area. This resulted in the percentage of successfully continuous pores.
RESULTS

Both end and radial continuity in upward and downward directions from a central cross-section
are tabulated for all PCPC samples, as shown in Tables A.4–A.7. Each PCPC sample is also
presented in a figure illustrating the sample’s central cross-section and whether voids located
within it are successful or unsuccessful for all continuity criteria (see Figures A.10–A.13). More
concise results pertaining to the percentages of successfully continuous voids and averages
thereof are tabulated in Table A.2). From these averaged results, a graph has been constructed of
VCI versus laboratory-measured permeability. Best fit regression shows that a logarithmic
relationship (R2 = 0.895) exists between successful end continuity (average of up and down end
continuity) and permeability (see Table A.3 and Figure A.14).
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No. 4-RG-S7-L10

No. 4-RG-S7

No. 4-RG

3/8”-LS

Figure A.9. Pore spaces on each PCPC sample central cross-section, numbered
alphabetically
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3/8”-LS

Successful
continuity

Unsuccessful
continuity
95.0%

93.7%

Radial up
Successful Area
Unsuccessful Area

End up

64.7%

60.3%
Radial down

End down

Figure A.10. Central cross-section pore continuity for sample 3/8-inch-LS
No. 4-RG-S7-L10

3.9%

0.0%

Radial up

End up

35.0%

40.7%
Radial down

End down

Figure A.11. Central cross-section void continuity for sample No. 4-RG-S7-L10
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No. 4-RG-S7

43.8%

27.1%

Radial up

End up

10.3%

12.6%

Radial down

End down

Figure A.12. Central cross-section void continuity for sample No. 4-RG-S7

No. 4-RG

49.6%

42.9%

Radial up

End up

Radial down

End down

56.8%

55.6%

Figure A.13. Central cross-section void continuity for sample No. 4-RG
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Table A.2. Percentages of successfully continuous voids and averages for all PCPC samples

Mix No.
3/8-inch-LS
No. 4-RG-S7-L10
No. 4-RG-S7
No. 4-RG

End
up
93.7
0.0
27.1
42.9

End
down
60.3
40.7
12.6
55.6

Directional continuity index (%)
End
Radial Radial Radial
average
up
down average
77.0
95.0
64.7
79.9
20.4
3.9
35.0
19.5
19.9
43.8
10.3
27.1
49.3
49.6
56.8
53.2

k
(in./hr)
2052
253
155
353

Overall
average
78.4
19.9
23.5
51.2

Table A.3. R2 regression model analysis of VCI averages
Continuity
index average
End average
Radial average
Overall average

Void Continuity Index (%)

90

R2 values
Linear
0.810
0.776
0.796

Power
0.801
0.691
0.753

Logarithmic
0.895
0.834
0.868

Avg. End Cont.

80

Avg. Rad. Cont.

70

Avg. Cont.
3/8"-LS

Log. (Avg. End Cont.)
No. 4-RG

60
50
40
30

No. 4-RG-S7

20
10
0
0.01

No. 4-RG-S7-L10

0.1

y = 22.99Ln(x) + 91.481
R2 = 0.8953

1

Permeability (in/hr)

Figure A.14. Directional continuity percentage averages versus lab-determined
permeability (best fit line is through averaged end continuity data)

60

Table A.4. Successful continuity tabulated for all pores along the central-cross-section of
sample 3/8-inch-LS
Pore designation

Upward end
continuity

Downward end
continuity

Upward radial
continuity

Downward radial
continuity

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
S
T
U
V
W
X
Y
Z
AA
BB
CC
DD
EE
FF
GG
HH

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
-

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
-

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
-

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
-
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Table A.5. Successful continuity tabulated for all pores along the central cross-section of
sample No. 4-RG-S7-L10
Pore
designation

Upward end
continuity

Downward
end continuity

Upward radial
continuity

Downward
radial continuity

A
B
C
D
E
-F
G
H
I
J
K
L
M
N
O
P
Q
R
S
T
U
V
W
X
Y
Z
AA
BB
CC
DD
EE
FF
GG
HH
II
JJ
KK
LL
MM
NN
OO
PP
QQ
RR
SS
TT
UU
VV
WW
XX
YY
ZZ
AAA
BBB
CCC
DDD

-

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
-

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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Table A.6. Successful continuity tabulated for all pores along the central cross-section of
sample No. 4-RG-S7
Pore
designation

Upward end
continuity

Downward end
continuity

Upward radial
continuity

Downward
radial continuity

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
S
T
U
V
W
X
Y
Z
AA
BB
CC
DD
EE
FF
GG
HH
II
JJ
KK
LL
MM
NN
OO
PP
QQ
RR
SS
TT
UU
VV
WW
XX
YY
ZZ
AAA
BBB
CCC

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
-

-

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
-

YES
YES
YES
YES
YES
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Table A.7. Successful continuity tabulated for all pores along the central cross-section of
sample No. 4-RG
Pore
designation

Upward end
continuity

Downward end
continuity

Upward radial
continuity

Downward
radial continuity

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
S
T
U
V
W
X
Y
Z
AA
BB
CC
DD
EE
FF
GG
HH
II
JJ
KK
LL
MM
NN
OO
PP
QQ
RR
SS
TT
UU
VV
WW
XX
YY
ZZ
AAA
BBB

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
-

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
-

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
-

YES
YES
YES
YES
YES
YES
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YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
-

DISCUSSION

The continuities from the X-ray CT-scanned samples can be ranked using comparative analysis
against the results from Table A.2 and Figure A.14. Sample 3/8-inch-LS has the highest VCI
values, followed by sample No. 4-RG, both with consistently higher results than those of
samples No. 4-RG-S7 and No. 4-RG-S7-L10. Samples No. 4-RG-S7 and No. 4-RG-S7-L10 have
similar averaged end continuity results.
Sample No. 4-RG-S7-L10 shows a high degree of variance between pore continuity propagating
up versus down (0.0% compared to 40.7% of total pores, respectively). However, by viewing
cross-sections within the sample it was determined that this variance is due to a large difference
in void ratio within the sample (see Figure A.15). Cross-sections from the sample’s top half
show fewer voids than those from the sample’s bottom. This variance shows that the void matrix
structure in PCPC may be affected by concrete placement procedures.
When VCI results are compared to permeability results from the falling head permeameter, there
is a relatively good (R2=0.895) logarithmic relationship (see Figure A.14). However, there is a
large discrepancy in permeability between the two least permeable samples (samples No. 4-RGS7 and No. 4-RG-S7-L10), though their average end continuity results are similar. This may be
due to the ability of samples to allow water to flow along the sides, where the casting mold may
have left a relatively open structure. For example, see Figure A.16, in which portions of concrete
that seem flat would be firmly against the permeameter’s latex sides. All other areas would
freely transport water during permeability testing. Sealing gum, most of which has been
removed, can be seen at the sample top. Although a ring of sealing gum was applied to the sides
of cylinders near the sample ends, this may not have completely prevented water from trickling
through most of the sample length at the sides and then re-entering the sample radially towards
the sample base, above the sealing gum. This edge effect would not be accounted for by the
continuity analysis, which focuses only on internal pores.

Figure A.15. Typical CT cross-sections from sample No. 4-RG-S7-L10, taken from the top
(left) and bottom (right)

65

Figure A.16. Side view of PCPC, with high void continuity along sample sides

CONCLUSIONS

X-ray CT can be a useful tool for analyzing pervious concrete mixtures due to its ability to
reveal internal structure and provide quantitative results. It was found that the results of pore
continuity analysis compare well with falling head permeability test results, showing a
logarithmic relationship with an R-squared value of nearly 0.90.
The ability to view internal slices of materials uncovered a high degree of void heterogeneity
within various samples. The samples used in this X-ray CT scanning were initial mixes in which
nonhomogeneity occurred. In subsequent mixing trials, greater attention was paid to sample
preparation to minimize such nonhomogeneity. The X-ray CT scanning process outlines herein
should be continued on new samples to investigate the relative homogeneity of later mixes.
RECOMMENDATIONS

The continuity analysis of PCPC permeability based on X-ray CT scanning should prove even
more beneficial as a database of scanned cylinders grows. Relations between measured VCI and
sample permeability will become better understood with further testing. It is advised that X-ray
CT be used throughout the mix design processes of new pervious concretes so the effectiveness
of sample porosity can be evaluated. Furthermore, it is recommended that X-ray CT scans be
performed on field cores to evaluate homogeneity and the implications of clogging.
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Modeling Underground Stormwater Storage
by Peter Smart, CEO, HydroCAD Software Solutions
Background
Detention ponds are a frequently used tool for managing stormwater runoff. By detaining runoff
in a storage area, peak flows can be reduced in order to approximate the pre-development
characteristics of a site. However, traditional above-grade ponds require valuable open space,
and may create safety hazards or health risks on some sites. To maximize land utilization,
designers are increasingly turning to underground storage alternatives that can be placed under
parking lots, playing fields, or other open spaces. On appropriate sites, underground storage also
provides a cost-effective means of restoring the infiltration capability that is usually reduced by
development activities. In addition to providing groundwater recharge, this helps to offset the
increase in runoff volume that accompanies most site development, and enables the design of
stormwater management systems that more closely approximate the pre-development site
behavior, in terms of peak flow and volume.
Box-of-Rocks
One of the simplest means of providing underground storage is an excavation filled with clean
stone, sometimes referred to as a “box of rocks”. The storage is provided by the void space
between the stone, which can be as much as 40% of the overall volume. Typically, the stone is
wrapped in filter fabric to prevent the migration of soil into the stone voids, or even a waterproof
membrane for sites where infiltration is undesirable. The introduction of water into the stone is
typically accomplished with an embedded drywell or perforated pipe. In most cases, the system
also includes outlet provisions to handle overflow conditions or achieve a desired discharge into
a storm sewer or other design point.
While a box-of-rocks can be a viable solution on certain sites, the high cost of stone and open
space often calls for a more sophisticated storage solution.
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Underground Tanks and Rectangular Chambers
The most space-efficient means of
underground storage is often a rectangular
tank or chamber. These products range from
small injection-molded “cells”, to large
concrete tanks or vaults, as shown in
Figure 1. The chambers are typically
installed in a rectangular grid, using whatever
number of rows and chambers are required to
achieve the required storage. Since there is
little or no gap between these chambers,

Figure 1 - Concrete Stormwater Chambers

storage efficiency can be as high as 95%,

Photo courtesy of Northeast Concrete Products Association

depending on the thickness of the chamber material. For open-sided chambers, the system is
typically wrapped in filter fabric to prevent soil infiltration, while other chambers systems are
self-sealing and do not require a fabric barrier.
Embedded Chambers and Pipe
The third category of underground storage
involves a combination of stone and
embedded chambers. By using perforated
chambers, water is also stored in the voids
of the surrounding stone, producing an
overall storage efficiency of 60-74%. The
designer has many options for embedded
storage, ranging from perforated pipe to
arched stormwater chambers. (See Figures

Figure 2 - Perforated CMP storage with porous backfill
Photo courtesy of Contech Construction Products

2 and 3.)

For situations requiring a sealed storage solution (i.e. detention-only without infiltration), the
entire chamber-and-stone system can be wrapped in a waterproof membrane. An alternative is to
use a closed-chamber solution, such as non-perforated pipe, with a typical space efficiency of
35-55%, depending on the type and size of pipe.
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Figure 3 - Typical Plastic Chamber Installation
Photo courtesy of Cultec, Inc.

Modeling underground storage
Regardless of how the storage volume is created, most underground detention or retention
systems are modeled like a traditional above-grade pond. This is based on the assumption that
water can flow freely within the storage system, creating a level pool that can be modeled with
conventional pond routing procedures, such as the Storage-Indication method.
For tanks or rectangular chambers, the storage calculation is based on the overall dimensions,
with possible adjustments for reinforcing webs or other intrusions into the storage space. For the
basic box-of-rocks, the storage at any depth is calculated by multiplying the volume of the box
by the stone voids. In both cases, the result is a linear stage-storage curve, which can be readily
calculated and entered into any pond routing model.
However, the situation becomes considerably more complex when using a curved storage
chamber, or a chamber-plus-stone storage combination. These situations require a detailed
analysis of the chamber volume at any given depth, plus the inclusion of stone storage at each
water surface elevation.
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The result of these calculations is a
stage-storage curve, as shown in Figure
4. Note the linear storage relationship
over the first ½ foot, provided by the
uniform stone bed on which the
chambers are placed. Above the stone
bed there is a sudden increase in
storage-per-foot caused by the open
chamber, gradually returning to a linear
relationship for the stone cover over

Figure 4 - Stage-Storage for Plastic Chambers & Stone

the top of the chamber.
Stage-storage calculations
Stage-storage calculations are often performed with a spreadsheet provided by the chamber
maker. After specifying the basic layout parameters, a typical spreadsheet will provide a stagestorage table that can be transferred to the modeling software. A better approach is to use a
modeling program with native support for chamber calculations. This avoids the need to use a
different spreadsheet for each storage product, and eliminates the time-consuming and errorprone process of transferring spreadsheet data into the modeling program. Native chamber
support also allows immediate changes to the layout and design parameters, without having to
manually update the stage-storage data or re-run a separate “chamber tool”.
Other software features
Finally, look for a program that provides automated layout of the drainage field, including the
ability to automatically apply recommended chamber spacing, bedding, and cover. Make sure
the software includes a large selection of chambers, including a full range of pipe storage
options. The ability to provide cost estimates based on the cost of chambers, stone, and
excavation is another time-saving feature worth looking for.
Peter Smart is the founder and CEO of HydroCAD Software Solutions,
developer of the HydroCAD Stormwater Modeling System
www.hydrocad.net
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BMP 5.7.2: Reduce Parking Imperviousness

Reduce imperviousness by minimizing imperviousness associated
with parking areas.

Key Design Elements

Potential Applications
Residential: Yes
Commercial: Yes
Ultra Urban: Limited
Industrial: Yes
Retrofit: Limited
Highway/Road: Limited

· Evaluate parking requirements considering average demand as
well as peak demand.

· Consider the application of smaller parking stalls and/or compact
parking spaces.
· Analyze parking lot layout to evaluate the applicability of
narrowed traffic lanes and slanted parking stalls.

· Where appropriate, minimize impervious parking area by utilizing
overflow parking areas constructed of pervious paving materials.

Stormwater Functions

Volume Reduction: Very High
Recharge: Very High
Peak Rate Control: Very High
Water Quality: High

Water Quality Functions

TSS: Preventive
TP: Preventive
NO3: Preventive
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Description
Reducing parking imperviousness performs valuable stormwater functions in contrast to conventional or
baseline development: Increasing infiltration; Decreasing stormwater runoff volume; Increasing
stormwater time of concentration; Improving water quality by decreasing the pollutant loading of
streams; Improving natural habitats by decreasing the deleterious effects of stormwater runoff;
Decreasing the concentration and energy of stormwater. Imperviousness greatly influences stormwater
runoff volume and quality by facilitating the rapid transport of stormwater and collecting pollutants from
atmospheric deposition, automobile leaks, and additional sources. Increased imperviousness alters an
area’s hydrology, habitat structure, and water quality. Stream degradation has been witnessed at
impervious levels as low as 10-20% (Center for Watershed Protection, 1995).

Applications
In commercial and industrial areas, parking lots comprise the largest percentage of impervious area.
Parking lot size is dictated by lot layout, stall geometry, and parking ratios. Modifying all or any of these
three aspects can serve to minimize the total impervious areas associated with parking lots.
Parking Ratios
Parking ratios express the specified parking requirements provided for a given land use. These
specified ratios are often set as minimum requirements. Many developers seeking to ensure adequate
parking provide parking in excess of the minimum parking ratios. Additionally, commercial parking is
often provided to meet the highest hourly demand of a given site, which may only occur a few times per
year. Excess parking is often rationalized by the desire to avoid potential complaints from patrons that
have difficulty finding parking. However, as shown in Table 5.7-4, average parking demand is generally
less than typical required parking ratios and therefore much less than parking provided in excess of
these ratios. The result of using typically specified parking ratios is parking capacity that is
underutilized.
Table 5.7-4 Example Minimum Parking Ratios
Land Use

Parking Ratio

Single Family Home

2 spaces per dwelling unit

Shopping Center

5 spaces per 1,000 ft of GFA

Convenience Store

3.3 spaces per 1,000 ft of GFA

Industrial

1 space per 1,000 ft of GFA

Medical/Dental Office

5.7 spaces per 1,000 ft of GFA

2

2

2

2

Average Parking Demand
1.1 spaces per dwelling unit
2

3.97 spaces per 1,000 ft of GFA
Not available
2

1.48 spaces per 1,000 ft of GFA
2

4.11 spaces per 1,000 ft of GFA

GFA – gross floor area, excluding storage and utility space
(Institute of Transportation Engineers, 1987; Smith, 1984; Wells, 1994)

In residential neighborhoods, the perception of the need for large quantities of parking may lead
developers to provide on-street parking; residential land use will greatly influence the quantity needed.
Each on-street lane increases street impervious cover by 25%. Many communities require 2-2.5
parking spaces per residence. In single-lot neighborhoods, with both standard and reduced setbacks,
parking requirements can likely be met using private driveways and garages. In townhouse
communities, if on-street parking is required, providing one on-street space per residence is likely
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sufficient. Urban settings will require the greatest use of on-street parking. However, continuous parking
lanes on both sides of the street, while common for all residential land uses, is often unnecessary.
When on-street parking is necessary, queuing lanes (discussed in BMP 5.7.1) provide a parking system
alternative that minimizes imperviousness.
Parking Spaces and Lot Layout
Parking spaces are comprised of five impervious components (Center for Watershed Protection, 1998):
1.
2.
3.
4.
5.

The parking stall;
The overhang at the stall’s edge;
A narrow curb or wheel stop;
The parking aisle that provides stall access; and
A share of the common impervious areas (e.g., fire lanes, traffic lanes).

Of these, the parking space itself accounts for approximately 50% of the impervious area, with stall
sizes ranging from 160 to 190 ft2. Several measures can be taken to limit parking space size. First,
jurisdictions can review standard parking stall sizes to determine their appropriateness. A typical stall
dimension may be 10 ft by 18 ft, much larger than needed for many vehicles; while the largest SUVs
are wider, the great majority of SUVs and vehicles are less than 7 ft providing opportunity for making
stalls slightly narrower and shorter. In addition, typical parking lot layout includes parking aisles that
accommodate two-way traffic and perpendicularly oriented stalls. The use of one-way isles and angled
parking stalls can reduce impervious area.
Jurisdictions can also stipulate that parking lots designate a percentage of stalls as compact parking
spaces. Smaller cars comprise 40% or more of all vehicles and compact parking stalls create 30% less
impervious cover than average-sized stalls (Center for Watershed Protection, 1998). This is currently
an underutilized practice that has potential to reduce the total area of parking lots.

Figure 5.7-4 (“Conservation Design for Stormwater Management”, DNREC, 1997)
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Parking Lot Design
Because of parking ratio requirements and the desire to accommodate peak parking demand, even
when it occurs only occasionally throughout the year, parking lots often provide parking capacity
substantially in excess of average parking needs. This results in vast quantities of unused impervious
surface.
A design alternative to this scenario is to provide designated overflow parking areas. The primary
parking area, sized to meet average demand, would still be constructed on impervious pavement to
meet local construction codes and American with Disabilities Act requirements. However, the overflow
parking area, designed to accommodate increased parking requirements associated with peak
demand, would be constructed on pervious materials (e.g., permeable pavers, grass pavers, gravel).
This design approach focused on average parking demand will still meet peak parking demand
requirements while reducing impervious pavement.

Figure 5.10-2 Overflow parking using permeable pavers

Cost Issues
Estimates for parking construction range from $1,200 to $1,500 dollars per space (Center for
Watershed Protection, 1998). For example, assuming a cost of $1,200 per parking space, reducing the
required parking ratio for a 20,000 ft2 shopping center from 5 spaces per 1,000 ft2 to 4 spaces per 1,000
ft2 would represent a savings of $24,000.
Parking lots incorporating pervious overflow areas may not present cost savings, as permeable paving
products are generally more expensive than traditional asphalt. However, the additional costs may be
offset by reduced curb and gutter and stormwater management costs.
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Figure 5.7-5 Parking Stall Dimensions (Schueler, 1997)
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Winter Maintenance Guidelines for Porous Asphalt

• Plow after every storm. Special plow blades may be used to prevent scarring but are
not necessary. Raised blade is not recommended

•

Up to ~75% net salt reductions for porous asphalt have been documented.
USE SALT REDUCTION NUMBERS WITH CAUTION!!!

• Excess salt application maybe needed during challenging storm events. Salt
reductions typically occur between storm events with no black ice formation.

• Salt reduction amounts are site specific and are affected by degree of shading and

General
Maintenance

hours of operation.

• Apply anti-icing treatments prior to storms. Anti-icing has the potential to provide
the benefit of increased traffic safety at the lowest cost and with less environmental
impact.

• Apply deicing treatments during, and after storms as necessary to control compact
snow and ice not removed by plowing.

• Sand application should be limited since its use will increase the need for vacuuming.
• Mixed precipitation and compact snow or ice is problematic for all paved surfaces,
but is particularly problematic for porous surfaces. This is corrected by application of
excess deicing chemicals.

• Recommended posting of signs indicating difference of performance after sunrise and
sunset.

• Apply standard amounts of deicing agents during storm events.

During Event

• Amounts will be adjusted based on site specific requirements, hours of operation, and
degree of shading.

• Additional Deicing may be required during challenging storm events.

Between
Storms

• Deicing is NOT required for black ice development. Meltwater readily drains through
porous surfaces thereby preventing black ice.

• Night time deicing may require additional maintenance activities.
• Daytime deicing may be minimal once pavement is exposed to sunlight.
• The UNH Stormwater Center: http://www.unh.edu/erg/cstev/

Additional
Resources

• Pennsylvania Asphalt Pavement Association (PAPA) Porous Asphalt Pavements
Guide: http://www.pahotmix.org/PDF/porous1.pdf

• National Asphalt Pavement Association (NAPA) Porous Asphalt Pavements for
Stormwater Management Revised 11/2008, Information Series 131
Jan 2011, UNHSC

