
 
State of Tennessee 

DEPARTMENT OF ENVIRONMENT AND CONSERVATION 
DIVISION OF WATER RESOURCES 
William R. Snodgrass - Tennessee Tower 

312 Rosa L. Parks Avenue, 11th Floor 
Nashville, Tennessee 37243-1102 

March 14, 2024 
 
Mr. Trent Thomas, Team Lead 
Tennessee Department of Transportation 
Environmental Division \ Compliance Unit 
James K. Polk Building, 9th Floor 
505 Deaderick Street 
Nashville, TN  37243 
e-copy: trent.thomas@tn.gov 
 
Subject: Notice of Complete Permanent Stormwater Implementation Plan 

Transportation Separate Storm Sewer System (TS4) Program 
National Pollutant Discharge Elimination System (NPDES) 
Individual NPDES Permit Number TNS077585 
Tennessee Department of Transportation (TDOT)  
Statewide, Tennessee 

 

Dear Mr. Thomas: 
 

The Division of Water Resources acknowledges the receipt of a revised TDOT Permanent Stormwater 
Implementation Plan (enclosed) in our office on February 29, 2024. Our review of the revised plan showed that 
TDOT has submitted all the information required by the TS4 NPDES permit and Rule 0400-40-05-.15(1)(d). However, 
in the plan’s table, under Permit Section 2.2.5. Timeframe – Milestones, it lists an “exemption.” The permit does 
not provide an exemption. TDOT has 24 months from the effective date of the permit to fully update and 
implement Permit Section 2.2.5. Permanent Stormwater Management Program. 
 

Additionally, given that TDOT has already provided comprehensive study results (please see documents enclosed) 
to both TDEC and the EPA under the previous permit cycle, we strongly urge TDOT to expedite the study phase 
under this permit and proceed with the implementation of stormwater control measures without further delay. 
 

We value the ongoing collaboration with TDOT and look forward to the full implementation of your post-
construction stormwater program. Should you require any additional information or clarification, please do not 
hesitate to contact me at (615) 687-7119 or by E-mail at Ann.Morbitt@tn.gov.  
 

Sincerely, 

 
Ann Morbitt 
Division of Water Resources 
 
Enclosures (6): 29FEB24 TDOT Permanent Stormwater Implementation Plan 

Comprehensive Study Results Documents (5) 
 

e-cc: Ms. Carma H. Smith, Tennessee Department of Transportation, carma.h.smith@tn.gov  
Mr. Klint Rommel, Tennessee Department  of Transportation (TDOT), klint.rommel@tn.gov 
Ms. April Grippo, Division of Water Resources, april.grippo@tn.gov 
Ms. Karina Bynum, Division of Water Resources, karina.bynum@tn.gov  

 

mailto:Ann.Morbitt@tn.gov
mailto:carma.h.smith@tn.gov
mailto:klint.rommel@tn.gov
mailto:april.grippo@tn.gov
mailto:karina.bynum@tn.gov


 

Post-Construction/Permanent Stormwater Management Program 

Revised Implementation Plan (Rev. 02/29/2024) 
 

 
In accordance with TDOT’s NPDES permit (TNS077585), the following revised 
implementation plan is being submitted to fulfill the requirements set forth in section 
2.2.5 regarding the development of a permanent stormwater management program 
(PSMP).  

Estimating timeframes and milestones for a program being developed from scratch and 
of this nature has proven to be impracticable in certain areas. Therefore, this 
implementation plan represents TDOT’s best estimation of timeframes required to 
develop those necessary initial program elements and will no doubt require amending 
as the program development advances. As the program is developed, updates will be 
provided in TDOT’s TS4 permit annual report.  

As the implementation plan is reviewed, please keep in mind that TDOT’s program will 
be unique in that it will be developed for the purpose of regulating projects being 
constructed by a single property owner. Unlike traditional MS4s, TDOT is not regulating 
businesses and/or developers within a political boundary but regulating its own activities 
within TDOT right-of-way and/or permanent easements across the state. Furthermore, 
TDOT does not have the legal authority to create ordinances and/or regulations. 
 
Permit 
Section Requirement Comments Timeframe -  

Milestones 
2.2.5 Post-Construction/Permanent Stormwater Management in New Development and 

Redevelopment 
2.2.5 Permits issued to entities that 

operate a municipal separate 
storm sewer system (MS4) shall 
include the following effluent 
limitations to manage post-
construction stormwater at all 
new development and 
redevelopment projects that 
disturb one or more acres of 
land, or less than one acre if part 
of a larger common plan of 
development, and discharge into 
the permittee’s MS4. 
 
 
 

As of the date of the issued 
permit, TDOT projects at or 
beyond the Stage Zero 
Footprint established in the 
Project Delivery Network 
(PDN) process and less 
than one acre of 
disturbance will be exempt 
from the post-construction 
requirements of the TDOT 
TS4 Permit. 

Exemption 
 August 1, 2023 to July 
31, 2025  
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2.2.5.1 Permanent Stormwater Management Program 
2.2.5.1 (a) The permittee shall develop and 

implement a permanent 
stormwater management 
program to reduce pollutants in 
stormwater discharges through 
management practices, control 
techniques, and systems, 
design, and engineering 
practices implemented to the 
maximum extent practicable 
(MEP). 

TDOT will develop and 
implement a program of 
appropriate SCM 
maintenance procedures 
that sustain pollutant 
reduction-efficiency for the 
life of the new development 
or redevelopment project. 
All procedures, reports, and 
documented as part of the 
stormwater management 
program. The program will 
include at a minimum: 
 
- The development and 
documentation of 
maintenance and 
inspection 
procedures and frequencies 
for approved SCMs which 
shall require all SCMs to be 
inspected at least once 
every five years by a 
licensed professional 
engineer, a licensed 
landscape architect, or 
other qualified professional 
familiar with applicable 
SCM design and 
maintenance requirements; 
- The development and 
documentation of the 
procedure that will used to 
verify that SCMs are being 
inspected and maintained, 
including any written 
reports; 
- The development and 
documentation of the 
procedure that will be used 
to ensure all inspection and 
maintenance information is 
included in the SCM 
tracking database. 
 

TDOT will perform a 
literature review of 
other DOTs to 
determine the most 
effective SCMs to 
develop an initial SCM 
suite to pursue. It is 
anticipated that the 
initial suite of SCMs will 
be determined by June 
2024.  
 
Once the initial suite of 
SCMs is selected, it is 
anticipated that draft 
guidance for designers, 
contractors, and 
inspectors will be ready 
by March of 2025. 
 
Training will be 
developed from the 
written guidance, and it 
is anticipated to be 
ready by June 2025. 

2.2.5.1 (b) The permanent stormwater 
management program shall 
include plans review, site 
inspections, and a means to 
ensure that permanent 
stormwater control measures 
(SCMs) are adequately operated 
and maintained. 

2.2.5.1 (c) The permittee must develop and 
implement, and modify as 
necessary, an ordinance or other 
regulatory mechanism to 
address permanent stormwater 
management at new 
development and redevelopment 
projects. 

2.2.5.2 Permanent Stormwater Standards 
2.2.5.2 (a) The permanent stormwater 

management program must 
require new development and 
redevelopment projects to be 
designed to reduce pollutants to 
the MEP, as set forth herein. 
Compliance with permanent 
stormwater standards for new 
development and redevelopment 

TDOT will develop written 
design procedures which 
will describe the process by 
which all TDOT projects will 
be internally reviewed to 
determine if any component 
of the project will fall under 
the permanent stormwater 
requirements.   

As noted above, design 
considerations will be 
developed once the 

initial suite of SCMs is 
selected. It is 

anticipated that design 
guidance will be ready 

by March 2025.  
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projects is determined by 
designing and installing SCMs 
as established by Tennessee 
Rule 0400-40-05-.15 and 
complying with other 
requirements of Tennessee Rule 
0400-40-05-.15. For design 
purposes, total suspended solids 
(TSS) may be used as the 
indicator for the reduction of 
pollutants. 

 
TDOT will develop a list of 
structural SCM designs that 
may be used on TDOT 
projects.  SCMs must be 
designed to provide full 
treatment capacity within 72 
hours following the end of 
the preceding rain event for 
the life of the new 
development or 
redevelopment project.  
The water quality treatment 
design storm is based on 
the 1-year, 24-hour storm 
event as defined by 
Precipitation-Frequency 
Atlas of the United States. 
Atlas 14. Volume 2. Version 
3.0. U.S. Department of 
Commerce National 
Oceanic and Atmospheric 
Administration (NOAA), 
National Weather Service, 
Hydrometeorological 
Design Studies Center, 
Silver Springs, Maryland or 
its digital product 
equivalent. SCMs must be 
designed, at a minimum, to 
achieve an overall 
treatment efficiency of 80% 
TSS removal from the 
WQTV. The quantity of the 
WQTV depends on the type 
of treatment provided.                                                                                                                     
TDOT will utilize the table 
referenced within the permit 
in the section (2.2.5.2 (c)) 
while developing SCMs.  

2.2.5.2 (b) SCMs must be designed to 
provide full treatment capacity 
within 72 hours following the end 
of the preceding rain event for 
the life of the new development 
or redevelopment project. The 
permittee shall identify a suite of 
SCMs to be used in various 
situations. Information relevant 
to identified SCMs should be 
made readily available. 
Application of innovative SCMs 
is encouraged. If the permittee 
decides to significantly limit the 
number of SCM options, it must 
be documented as part of the 
stormwater management 
program how the performance 
standards of Tennessee Rule 
0400-40-05-.15 can be met with 
the limited set of control 
measures that are allowed. 

2.2.5.2 (c) Stormwater Control Measures 
(SCM)s must be designed, at a 
minimum, to achieve an overall 
treatment efficiency of 80% TSS 
removal from the Water Quality 
Treatment Volume (WQTV). 
SCMs must be designed, at a 
minimum, to achieve an overall 
treatment efficiency of 80% TSS 
removal from the WQTV. 
 

2.2.5.3. Stormwater Mitigation and Public Stormwater Fund 
2.2.5.3 
(a)(b) 

(a) A permittee may choose to 
develop an offsite mitigation 
program or payment in lieu into a 
public stormwater fund to offset 
the portion of the WQTV that 
cannot be treated on site to the 
MEP. The program must have a 
mitigation project approval 
procedure, and all projects must 
meet all requirements in this 
permit. Procedures and 

TDOT will have the option 
of creating an internal (to 
TDOT) alternate post 
construction program 
comprising of a payment in 
lieu into a TDOT 
stormwater fund to offset 
the portion of the WQTV 
that cannot be treated on 
site to the TS4 MEP in 
accordance with Section 

Procedures and 
requirements for the 
offsite mitigation and 
payment in lieu 
programs will be 
documented as part of 
the permanent 
stormwater 
management program 
and submitted for 
review and approval if it 
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requirements in the offsite 
mitigation and payment in lieu 
programs should be documented 
as part of the stormwater 
management program and 
available for review. 
 
(b) If the permittee allows 
payment into a public 
stormwater fund, the permittee 
assumes responsibility to 
provide the required mitigation 
projects. The public stormwater 
fund should be used to fund 
public mitigation projects. The 
payment amount into a public 
stormwater fund must be 
sufficient to design, install, and 
maintain the stormwater 
mitigation measures. 

2.2.5.3 of the TDOT TS4 
Permit. The program would 
require TDOT to evaluate 
an alternate effort with a 
minimum funding of at least 
1.5 times the cost of 
stormwater management 
for the portion of the WQTV 
not treated on site by the 
subject stormwater project. 
The program would have a 
mitigation project approval 
procedure, and all projects 
would meet all 
requirements in the TDOT 
TS4 Permit. The TDOT 
stormwater fund would be 
used to fund mitigation 
projects at TDOT facilities 
and other existing State 
owned installations with 
documented stormwater 
issues. The payment 
amount into the TDOT 
stormwater fund would be 
sufficient to design, install, 
and maintain the 
stormwater mitigation 
measures. Application of 
any of this payment in lieu 
alternative to a TDOT 
project would require a 
letter to TDEC stating the 
reasons and basis for the 
use of this process and the 
proposed mitigation action. 
 

is determined one is 
needed. 

2.2.5.4. Water Quality Riparian Buffers 
2.2.5.4 Permittees shall develop and 

implement a set of requirements 
to establish, protect, and 
maintain permanent water 
quality riparian buffers to provide 
additional water quality 
treatment in riparian areas of 
new development and 
redevelopment projects that 
contain streams, including 
wetlands, ponds, and lakes. 

TDOT currently adheres to 
the Construction General 
Permit (CGP) requirements 
for buffer zones while 
designing and constructing 
projects. 
TDOT will review its current 
design considerations and 
make any necessary 
adjustment to meet the 
following requirements.  
 
- Stormwater discharges 
should enter the water 
quality riparian buffer as 
sheet flow, not as 
concentrated flow, where 
site conditions allow; 

Any changes needed to 
TDOT’s current design 
guidance for water 
quality riparian buffers, 
will be incorporated into 
the design guidance 
noted above which is 
anticipated to be ready 
by March 2025.  
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- Water quality riparian 
buffers must have the 
minimum widths prescribed 
in the TS4 Permit, unless 
site-specific conditions 
necessitate alternative 
widths; and 
- Include a process to 
review proposed activities 
within buffers to ensure the 
pollutant removal function 
of the buffer will be 
retained. 

2.2.5.5. Codes and Ordinances Review and Update 
2.2.5.5 (b) Current permittees shall 

continue to implement the 
existing permanent stormwater 
management program and 
update legal instruments 
according to the compliance 
schedule in subparagraph (1)(d) 
of Tennessee Rule 0400-40-05-
.15. 

With TDOT’s PSMP being 
unique in that TDOT will not 
be regulating external 
entities (i.e., landowners), 
TDOT will integrate 
language into the design 
guidance documents and 
develop contract language 
to ensure compliance with 
the issued TS4 permit. 
 

Guidance documents 
and/or contract 
language is anticipated 
to be ready by March 
2025 

2.2.5.6. Development Project Plan Review, Approval, and Enforcement 
2.2.5.6 (a) Procedures for review and 

approval of development site 
plans, including inter-
departmental consultations and 
a re-submittal process when 
modifications to the project 
require changes to an approved 
site development design plan; 

As noted above. TDOT will 
integrate into its design 
guidance any procedures 
needed for approval and 
review of plans to ensure 
performance standards are 
being meet. Inspection 
protocols to ensure proper 
construction will also be 
integrated into the guidance 
documents.  

Guidance documents 
for selected SCMs will 
be ready by March 
2025.   

2.2.5.6 (b) A plans review process that 
requires SCMs to be properly 
designed, installed, and 
maintained to meet the 
performance standards 
established in Tennessee Rule 
0400-40-05-.15. The process 
must also include incentives 
adopted by the permittee as 
authorized by paragraph (2) of 
Tennessee Rule 0400-40-05-.15, 
along with water quality buffers 
as required by paragraph (4) of 
Tennessee Rule 0400-40-05-.15 
; and 

2.2.5.6 (c) A verification process to 
document that SCMs have been 
installed per design 
specifications within 90 days of 
installation. Verification shall 
include submission of as-built 
plans to the permittee, permittee 



 
 
 
 

 

 

                                                            STATE OF TENNESSEE 

DEPARTMENT OF ENVIRONMENT AND CONSERVATION 

DIVISION OF WATER RESOURCES 

William R. Snodgrass – Tennessee Tower 

312 Rosa L. Parks Avenue, 11th Floor 

Nashville, Tennessee 37243-1102 

 

 

December 11, 2020       Certified Mail Receipt 

91 7199 9991 7032 7998 7354 

Ms. Susannah Kniazewycz, P.E.       

Director of Environmental Division  

Tennessee Department of Transportation 

James K. Polk Building Suite 900 

505 Deaderick Street 

Nashville, TN 37243 

 

RE:  Tennessee Department of Transportation - Municipal Separate Storm Sewer System 

National Pollutant Discharge Elimination System (NPDES) Permit TNS077585 

Compliance Evaluation Inspection of Post-Construction Stormwater Management 

Program 

Dear Ms. Kniazewycz, 

On December 1, 2020, Karina Bynum, Ann Morbitt, Ariel Wessel-Fuss with the Division of Water 

Resources (Division) met virtually through Microsoft Teams with Christian Saxe, Carma Smith 

and Klint Rommel with the Tennessee Department of Transportation (TDOT), and TDOT 

contractor, Michael Cramer with ENSAFE,  to evaluate compliance of TDOT’s Post-Construction 

Stormwater Management Program with the requirements of NPDES permit number TNS077585. 

The inspection covered the period since the Division’s September 2011 inspection.  

 

On July 9, 2012, TDOT in response to the Division’s 2011 inspection requested multiple permit 

and program modifications. On February 21, 2019, Division staff met with Christian Saxe, Barry 

Brown with TDOT and Mike Cramer with ENSAFE to review the request for modification and on 

June 10, 2019 issued a letter  which addressed modification to the TDOT’s program but did not 

address items requesting modification of the permit. The Division’s June 10, 2019 letter stated: 

“The remaining modifications listed in the July 9, 2012 letter (Permit section 2.1.1.1. A-E, 2.1.2. 

A–C, 2.1.3. A-D, 2.1.4. A-H, 2.1.5. A-G, 2.1.6.2 2.1.7, 2.2.1, and 2.2.2) pertain to permit re-

issuance and are not addressed at this time.” Section 2.1.5. including items A-G is covered in this 

inspection.  

 

This compliance inspection found all items of TDOT’s Post-Construction Stormwater 

Management Program completed and identified one measurable goal (under Management Measure 
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B) that was adjusted from the measurable goal described in the permit. No actions are required as 

result of this inspection.  

 

Under Measurement Measure B: Tracking of installation and maintenance of structural post-

construction storm water management BMPs, the measurable milestone mentions a GIS database 

layer for stormwater management BMPs. TDOT uses a geographic information system called 

TRIMS and a Maintenance Quality Assurance database which include information and tracking of 

various post-construction roadway elements including roadway structures, pavement, photo logs, 

drainage structures and maintenance information. Development and maintenance of a separate GIS 

database layer that is limited to only post-construction storm water management BMPs proved to 

be cost-prohibitive for TDOT when they issued a request for proposal (RFP) in 2012.  

 

The Division issued the NPDES permit authorizing discharge of stormwater runoff from the 

Tennessee Department of Transportation storm sewer system on April 28, 2006 and it became 

effective on October 1, 2006. The permit expired on April 27, 2011 and has been administratively 

extended until a new permit is issued. TDOT operates all highways which are part of the federal 

interstate highway system under TDOT’s control and state‐numbered highways statewide, 

including all respective right‐of‐way areas totaling 15,091 road miles statewide and 191 facilities 

across the state as reported in the 2020 annual report. The Post-Construction Stormwater 

Management Program requirements, permit section 2.1.5 apply to TDOT’s post-construction 

facilities including roadways, right-of–ways and appurtenances subject to stormwater runoff.  The 

permit requirements and inspection findings for the Post-Construction Stormwater Management 

Program are summarized in Table 1 below.  

 

Table 1 

Permit section 2.1.5.  Post-Construction Storm Water Management 

Management 

Measure 

Measurable Goal  Inspection Findings 

A. Develop menu of 

BMPs 

Develop menu of structural 

post-construction storm 

water BMPs that can be 

applied to new highways or 

upgrades of existing 

highways. 

TDOT continues to produce regular updates to 

its Drainage Manual, including revisions to 

sections involving stormwater drainage and 

erosion prevention and sediment control.  

 

BMP Post-Construction Menu (2009) – 

document was provided and BMPs are 

implemented in the following: 

 

TDOT Drainage Manual 

https://www.tn.gov/tdot/roadway-design/design-

standards/drainage-manual.html 

 

Standard Roadway Drawings 

https://www.tn.gov/tdot/roadway-

design/standard-drawings-library/standard-

roadway-drawings.html 

 

TDOT Design Guidelines 

https://www.tn.gov/tdot/roadway-design/design-

standards/design-guidelines.html 

 

COMPLETE 

Develop menu of non-

structural post-construction 

storm water BMPs that can 

be applied to new highways 

or upgrades of existing 

highways. 

Update design standards to 

reflect the menu of structural 

BMPs for structural post-

construction BMPs. 

https://www.tn.gov/tdot/roadway-design/design-standards/drainage-manual.html
https://www.tn.gov/tdot/roadway-design/design-standards/drainage-manual.html
https://www.tn.gov/tdot/roadway-design/standard-drawings-library/standard-roadway-drawings.html
https://www.tn.gov/tdot/roadway-design/standard-drawings-library/standard-roadway-drawings.html
https://www.tn.gov/tdot/roadway-design/standard-drawings-library/standard-roadway-drawings.html
https://www.tn.gov/tdot/roadway-design/design-standards/design-guidelines.html
https://www.tn.gov/tdot/roadway-design/design-standards/design-guidelines.html
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B. Develop and 

implement a system 

to track the 

installation and 

maintenance of 

structural post 

construction storm 

water management 

BMPs. 

Develop and maintain a GIS 

database layer identifying 

post construction storm 

water management BMPs 

TDOT issued a RFP on 2/12/2012 for a web-

based system for an Integrated Right-of- Way 

Information System that will compile 

information on all stormwater conveyance and 

structures, and track maintenance activities in a 

central database. The level of effort to map 

every swale, curb, inlet basin, detention pond, 

culvert, and other structures over 14,000 miles 

of highway was considered prohibitively 

expensive.  The outfall mapping of just the 

urbanized areas cost TDOT over $4 million.   

 

Since 2016 TDOT has implemented an 

electronic system for inspections and to track 

maintenance activities in a Maintenance Quality 

Assurance database (MQA db).  

 

TDOT also supports the eTRIMS geodatabase. 

TRIMS is a single integrated linear referencing 

system database for State and local roadway 

structures, pavement, traffic, photo log, and 

crash data.  

 

TDOT is considering issuing a new RFP for 

Statewide Asset and Photolog Image Collection 

– proposed to include BMPs, however the bids 

may not come in at the level that can be funded. 

 

COMPLETE – with modified measurable goal 

due to infeasibility of separate GIS BMP 

database layer 

C. Conduct random 

inspections of 

drainage systems to 

establish the overall 

condition of ditches 

in the district. 

Conduct random inspections 

of statewide highway 

segments. Use the result of 

the overall condition of 

ditches as a tool in setting 

the annual maintenance 

priorities. 

Centralized system database (MQA db) 

maintains the inspection and repair records for 

drainage structures within each of the TDOT 

Districts.  Annual reports include number of 

drains, liner feet of drainpipes and trench drains 

cleaned, and lane miles of sweeping. 

Maintenance of post-construction drainage 

structures is performed on a district-by-district 

basis as part of routine ditch cleaning and 

drainage structure maintenance with priorities 

set by the Maintenance Quality Assurance 

rating based on the Maintenance Quality 

Assurance Program – Field Inspection Manual 

rev 2.1 2020.   

 

COMPLETE  

D. TDOT shall 

review design 

standards for storm 

drain inlets to 

promote the use of 

grate spacing that 

Documentation of the review 

shall be provided in the 

Annual report, with 

recommendations on 

developing a new standard if 

warranted 

Report was completed in May 2009 with the 

following  recommendation: “In lieu of revising 

current standards for grates on catch basin 

inlets, curb inlets, and other storm sewer system 

inlets, it is recommended that TDOT continue to 
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minimize the entry 

of trash, floatable 

and other debris into 

the storm drain 

system. Trash, 

floatable and other 

debris on the 

highways shall be 

handled by means 

other than flushing 

into storm drains. 

Where reduction in 

grate spacing would 

cause inadequate 

hydraulic 

performance, TDOT 

will pursue other 

management 

practices to 

minimize trash, 

floatable and large 

debris in storm 

runoff. 

employ a wide range of BMPs to address storm 

water quality.” 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

COMPLETE 

E. Research BMPs. Select four mature highway 

sites, with the approval of 

TDEC, where BMPs can be 

implemented on a semi-

permanent basis for research 

evaluation. The purpose of 

this research is to measure 

storm water runoff quality at 

a storm drain outfall before 

and after BMP 

implementation and 

determine effectiveness. 

Develop and submit to the 

division for approval a study 

plan for each site which shall 

include: (1) A discussion of 

the basis for the selection of 

the site including its nature 

relative to typical highway 

design segments, its average 

daily traffic (ADT) and the 

percentage of non-TDOT 

drainage contributing (see 

Appendix C of Part II of the 

TDOT MS4 permit 

application), (2) A 

description of the BMP 

(either structural or non-

structural) to be 

implemented and evaluated, 

The Plan was originally submitted to TDEC in 

October 2007, TDEC’s written approval of the 

plan was received on April 21, 2008. 

Implementation of the plan began immediately 

after that date with design and installation of 

automated sampling stations at the four highway 

segments specified in the plan. 

 

A total of 297 storm water runoff samples were 

collected from all four approved sites between 

December 17, 2008 and May 31, 2011. 

 

Based on the original sampling results, TDOT 

pursued three follow-up evaluations to better 

understand the source and basis of the observed 

stormwater run-off characterizations. These 

evaluations included: 

- BMP implementation as required by permit 

section 2.1.5.E. BMPs evaluated included open-

grade friction course paving and vegetated 

swales. 

- Focused evaluation on the source and nature of 

the observed nutrient contamination. 

- Focused evaluation on the source and nature of 

the observed pathogen contamination. 

 

In the debris and floatable study, the highest 

percentage of non-biological debris was at sites 

with relatively high amounts of average daily 
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(3) A description of the site 

including the drainage area, 

portion impervious, portion 

pervious, type surface cover, 

and slopes, (4) List of 

pollutants for which analysis 

is to be made, (5) 

Description of equipment to 

be used to record rainfall 

events, measure runoff 

volume, provide first flush 

discrete samples and storm 

duration flow composited 

samples of storm water. Also 

collect and analyze any large 

solids, trash and floatables in 

the runoff that is not 

captured by conventional 

water sampling equipment. 

traffic, relatively high flows or near a large 

residential area. Most likely non-biological 

debris were being thrown from vehicles 

traveling on the interstates or being washed 

from residential areas. The highest amount of 

biological debris was found at sites that were in 

rural areas or had large grassy areas surrounding 

the collection. 

 

 

 

 

 

 

 

 

 

 

COMPLETE  

Prior to implementing the 

selected BMP, TDOT shall 

conduct sampling at each 

site during a minimum of 

twelve months to determine 

background levels of 

pollutants. A written report 

of the findings shall be 

prepared and submitted to 

TDEC. Based on the 

findings, TDOT, with the 

approval of TDEC, shall 

implement the selected BMP 

at the site. 

Preliminary data report (data 2009-2011) was 

submitted in 2012 with the final Highway 

Characterization Study submitted in 2013.   

 

 

 

 

 

 

 

 

COMPLETE 

Begin implementing plan. 

Following implementation 

of the BMP, TDOT shall 

conduct sampling at each 

site during a minimum of 

twelve months to evaluate 

the effectiveness of the 

BMP. TDOT will prepare a 

written report comparing the 

before and after analytical 

data and evaluating the 

effectiveness of the BMPs 

and the feasibility of 

implementation of this BMP 

at applicable highway sites. 

The results of the Open Graded Friction Course 

and the stormwater swale investigations 

fulfilled the requirement of Section 2.1.5.E of 

the TDOT MS4 Permit to demonstrate the 

effectiveness of a specific BMP in mitigating 

the impact of contaminants of concern from 

TDOT highway stormwater runoff.  

 

The most significant observation from the swale 

investigation for TDOT at the SR-111 site was 

that the total flow volume infiltrated and 

evapotranspired by the swale was over twice the 

run-off volume that could have been generated 

by the impervious area within the study 

catchment. Similarly, at the I-40 site the total 

flow volume infiltrated and evapotranspired by 

the swale was over six times the run-off volume 

that could have been generated by the 

impervious area within the study catchment 
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Nutrient contamination was found to be largely 

from atmospheric deposition.  

 

The source of pathogen contamination is still 

unclear.   

 

No other contaminants were found to be 

significant threats to water quality. 

 

Report of findings are still being finalized. 

Preliminary summary was provided on 

24NOV20. With final Research Reports due in 

early 2021.  

 

 COMPLETE   

F. Research other 

DOT’s post 

construction storm 

water activities 

Conduct a literature review 

of post-construction storm 

water quality runoff best 

management practices. 

Research how other DOTs 

are handling post-

construction storm water 

quality from highway and 

facility sites. Develop a 

report outlining the findings 

and incorporate the findings 

into the research to be 

conducted in activity A and 

activity E in this table. 

Report titled “Post-Construction Stormwater 

Best Management Practices Research Report” 

was provided to the Division in 2007 and is also 

posted on the EPA’s website at: 

http://www.epa.gov/npdes/pubs/tdot_bmp_repor

t2007.pdf 

 

 

 

 

 

 

 

COMPLETE  

G. Comprehensive 

maintenance 

manual, TDOT shall 

develop a 

comprehensive 

Right-of-Way 

Maintenance 

Manual integrating 

existing SOPs. The 

manual will contain 

information 

explaining how 

routine highway 

maintenance can 

impact storm water 

quality and what 

measures should be 

taken to minimize 

these impacts. The 

following subjects 

are to be included at 

a minimum: Report 

Develop SOPs for the 

Maintenance Manual, at 

least 3 SOPs per permit year. 

Begin implementing each 

SOP after developing. 

Incorporate SOPs into 

training opportunities.  

TDOT uses multiple comprehensive 

maintenance manuals, SOPs and SOGs.  

 

TDOT Integrated Vegetation Management Plan 

dated 01MAR16 is in TDEC online files and 

addresses 2, 6, 7.   

 

TDOT holds a permit coverage under the 

Pesticide GP and reports annually to the 

division.  

 

TDOT developed a Manual for Management of 

Storm Water Discharges Associated with 

Construction and Maintenance Activities in 

2011 that focuses on erosion and sediment 

control.  

 

TDOT developed a comprehensive Maintenance 

Quality Assurance Program – Field Inspection 

Manual rev 2.1 2020 that addresses items 1, 4, 

5, 9 

 

http://www.epa.gov/npdes/pubs/tdot_bmp_report2007.pdf
http://www.epa.gov/npdes/pubs/tdot_bmp_report2007.pdf
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on the SOPs created 

and training 

provided. 1. Road 

surface 

maintenance, 2. 

Landscaping 

(including flower 

beds), 3. Bridge 

repair, 4. Drainage 

system inspection 

and cleaning, 5. 

Right-of-way 

embankment 

stabilization, 6. 

Spraying of 

herbicides, 7. 

Vegetation control, 

cutting and removal, 

8. Treatment system 

maintenance, and 9. 

Post construction 

BMP maintenance. 

Item 8 – Treatment system maintenance is 

addressed through applicable SOPs (listed in the 

following section) 

 

Item 3 - Bridge repair is addressed in TDOT 

standard drawings: 

https://www.tn.gov/tdot/structures-/standard-

structures-drawings/bridge-repair.html 

 

COMPLETE  

Report on the SOPs created, 

and training provided 

 

List of SOPs developed to date: 

SOP 001 Spill Prevention and Response at 

TDOT Facilities 

SOP 002 Waste Accumulation Areas 

SOP 003 Aerosol Can Puncturing System 

SOP 004 Discarded Automotive Fuel Tanks 

SOP 005 Empty Container Management 

SOP 006 Highway Marking Operations 

SOP 007 Record-Keeping and Reporting for 

Special and Hazardous Waste 

SOP 008 Methamphetamine Lab Waste 

SOP 009 Parts Washer Units and Brake Washer 

Units 

SOP 010 Roll-Off Boxes for The Management 

of Wastes Found Along 

Highway Right-of-Ways and on Other TDOT-

Maintained Properties 

SOP 011 Salt Handling and Salt Brine/Calcium 

Chloride/Liquid De-Icer Management 

SOP 012 Satellite Accumulation Areas 

SOP 013 Shipment and Disposal of Special, 

Non-Hazardous, and Hazardous Wastes 

SOP 014 Universal Waste Management 

SOP 015 Underground Storage Tanks 

SOP 016 Vehicle Wash Operations 

SOP 017 Used Oil Management 

SOP 018 Management of Material Stockpile 

SOP 020 SWPPP Management at Unstaffed 

Facilities 

SOP 021 Release of Captured Storm Water 

from Secondary Containment 

SOP 022 Management of Waste Tires 

SOP 023 Management of Scrap Metal 
SOP 024 Management of Environmental Records 

 

List of SOGs developed to date: 

SOG 401-1 Manual Spot Patching  

SOG 402-1 Crack Repair  

SOG 404-1 In-Place Asphalt  

SOG 405-1 Machine Milling  

SOG 406-1 Pavement and/or Sub-grade 

Replacement  

SOG 407-1 Pavement Preservation  

https://www.tn.gov/tdot/structures-/standard-structures-drawings/bridge-repair.html
https://www.tn.gov/tdot/structures-/standard-structures-drawings/bridge-repair.html
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SOG 425-1 Grade Unpaved Surface  

SOG 426-1 Reshape Shoulder and Ditch  

SOG 430-1 Clean and Reshape Ditches  

SOG 435-1 Machine Mowing  

SOG 436-1 Slope Mowing  

SOG 438-1 Manual Brush Control  

SOG 440-1 Seeding the Mulch 

SOG 460-1 Plowing Snow and Ice  

SOG 461-1 Deicing (Rock Salt)  

SOG 462-1 Snow and Ice / Standby Stockpiling  

SOG 463-1 Anti-Icing (Salt Brine)  

SOG 477-1 Work Zone TTC Flagging and 

Mobile Operations  

SOG 495-1 Roadway Inspection- Special Litter 

(Road Patrol)  

Winter Operations SOG 

Vegetation Management SOG 

 

COMPLETE 

 

The approach of TDOT stormwater management program over the years has been to develop 

science-based solutions that can be implemented with a reasonable respect for their cost and 

effectiveness. Much of the research lead to follow-up studies that concluded in 2020. The results 

from TDOT research conducted to date will be instrumental when the Division develops the next 

permit. 

 

The Division appreciates the time and cooperation from the Department of Transportation 

Environmental Division extended during the inspection and during preparation for the inspection. 

The Division would like to thank your staff for their assistance with the retrieval of numerous 

documents. If you have any questions concerning this inspection, please contact Karina Bynum at 

(931) 520 - 6683 or at Karina.Bynum@tn.gov.  

 

 

Sincerely,  

 

 
Karina Bynum, Ph.D., P. E,  

Division of Water Resources 

 

e-cc:  Susannah Kniazewycz, P.E. - TDOT - Susannah.Kniazewycz@tn.gov 

Carma Smith – TDOT- Carma.H.Smith @tn.gov 

Christian Saxe – TDOT - Christian.Saxe@tn.gov   

Klint Rommel – TDOT – Klint.Rommel@tn.gov 

Jessica Murphy – DWR - Enforcement and Compliance - Jessica.Murphy@tn.gov 

Ann Morbitt – DWR- Stormwater Manager - Ann.Morbitt@tn.gov 

April Grippo – DWR - Deputy Director – April.Grippo@tn.gov 

Ariel Wessel-Fuss – DWR - Permit Writer - Ariel.Wessel-Fuss@tn.gov 

 

mailto:Karina.Bynum@tn.gov
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inspection, or inspection by a 
qualified design professional. 
The verification process shall 
include enforcement procedures 
to bring noncompliant projects 
into compliance, which shall be 
detailed in the enforcement 
response plan. (see 2.4) 
 
2.2.5.7. Maintenance of Permanent Stormwater Control Measure Assets 

2.2.5.7(a) Permanent SCMs, including 
SCMs used at mitigation 
projects, must be installed, 
implemented, and maintained to 
meet the performance standards 
of paragraph (2) of Tennessee 
Rule 0400-40-05-.15, and 
provide full treatment capacity 
within 72 hours following the end 
of the preceding rain event. 

SCMs must be inspected 
on a regular basis.  For 
each SCM installed as part 
of a TDOT project, a 
database will be 
developed/maintained 
which includes a 
description of the system 
components, a site map, 
documentation of ongoing 
site SCM inspection and 
maintenance activities, and 
the schedule of future 
inspections. Landscape 
plans should also be 
included for bioretention 
areas. 

As guidance 
documents are being 
developed for the suite 
of SCMs, maintenance 
protocols will be 
addressed.  

2.2.5.7 (b) The permittee must develop and 
implement a program to require 
implementation of appropriate 
SCM maintenance procedures to 
sustain pollutant reduction-
efficiency for the life of the new 
development or redevelopment 
project. All procedures, reports, 
and documented as part of the 
stormwater management 
program. 
 

2.2.5.8. Inventory and Tracking of Permanent Stormwater Control Measure Assets 
2.2.5.8 Continue to implement and 

maintain a system to inventory 
and track the status of all 
structural SCMs as required by 
section 2.2.5.8 

All structural SCMs 
installed on TDOT projects 
will be included in a 
database/tracking 
mechanism with complete 
information, including: 
 
- A brief description of the 
type of SCM and basic 
design characteristics; 
- Inspection schedules; 
- A brief description of, or 
reference to, maintenance 
procedures and frequency;   
- Photographs of the 
installed SCMs; and 
- Maintenance and 
inspection records. 

TDOT is currently using 
a program to track 
departmental assets 
along ROWs. 
Discussions have taken 
place to see if this 
program can be used to 
track installed SCMs. It 
is anticipated that by 
June 2024 TDOT will 
determine if this 
existing program can 
be used to track SCM 
assets. 
 
If TDOT’s current 
tracking system proves 
to not be a viable 
option, other options 
will be researched and 
utilized to fulfill this 
requirement. 
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Purpose 

 

This document summarizes a review of design standards for Tennessee Department of 

Transportation (TDOT) storm drain inlets as mandated by Section 2.1.5.D of Municipal Separate 

Storm Sewer System (MS4) Permit No. TNS077585, issued April 28, 2006 by the Tennessee 

Department of Environment and Conservation (TDEC).  Section 2.1.5 mandates that TDOT 

“shall develop, implement and enforce a program to reduce pollutants in storm water from the 

post-construction facilities including roadways, right-of–ways and appurtenants subject to storm 

water runoff.”  More specifically, this program must include a review of grate spacing on storm 

drain inlets used by TDOT and its contractors.  Subsection D states that current standards for 

grate spacing are to be evaluated with the following goal in mind: “minimize the entry of trash, 

floatable and other debris into the storm system.” 

 

Standards Review 

 

Preliminary review focused on Chapter 7: Storm Drainage Systems of the TDOT Division 

Drainage Manual.  Design guidelines in Chapter 7 present methods to determine the spacing of 

inlet structures (e.g., the distance between two consecutive curb inlets), but the Drainage Manual 

does not specifically address grate spacing.  Therefore, current TDOT standard drawings (shown 

in Table 1) were reviewed for spacing standards. 

 

Field Review 

 

In response to other requirements of the MS4 permit, TDOT is currently carrying out a multi-

phase, statewide effort to map the locations and characteristics of all stormwater outfalls on 

TDOT right-of-way.  At this time, the first two phases of mapping have been completed, 

encompassing almost 2180 miles of state roads in Eastern and Middle Tennessee.  Two 

designated categories of outfalls include drop inlets (catch basins, bridge drops, and other 

openings not employing a curb) and curb inlets.  The category of curb inlets includes two main 

groups: a vertical opening in a curb lacking any grate and a combination curb/catch basin, 

typically employing a metal grate in the horizontal direction with a vertical opening along the 

curb.  Data accumulated through this project indicate wide variations between standards shown 

on TDOT drawings and existing storm water inlets. 

 

Drop Inlets 

 

A total of 9,569 outfalls have been characterized as drop inlets (some with grates, some without) 

in the stormwater outfall mapping project thus far.  Of those drop inlets, 4,955 were labeled “no 

grate.”  Team members recorded the size and shape of openings for ungrated inlets as part of the 

standard process.  When inlets did employ a grate, team members recorded the size of spaces 

within the grate.   Some individuals also recorded the shape of the opening - round, rectangular, 

or square.  If a drop inlet that would normally employ a grate was missing that grate, a notation 

of “grate missing” was placed in the data file. 
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Table 1. TDOT Storm Drain Grate Standard Drawings 

Drawing 

Revision 

Date Description Grate  

Approximate 

Maximum Grate 

Opening 

D-CB-38RB  9/05/2004  
STANDARD PRECAST CIRCULAR NO. 38 

CATCH BASIN  
No. 38 4.5” x 2’ 10” 

D-CB-38S  7/29/2002  
STANDARD 32" X 32" SQUARE 

CONCRETE NO.38 CATCH BASIN  
No. 38 4.5” x 2’ 10” 

D-CB-38SB  9/05/2004  
STANDARD 4' X 4' SQUARE CONCRETE 

NO.38 CATCH BASIN  
No. 38 4.5” x 2’ 10” 

D-CB-38SC  9/05/2004  
STANDARD 5'2" X 5'2" SQUARE 

CONCRETE NO. 38 CATCH BASIN  
No. 38 4.5” x 2’ 10” 

D-CB-39RB  5/27/2001  
STANDARD PRECAST CIRCULAR NO. 39 

CATCH BASIN  
No. 39 3.5” x 4’ 2” 

D-CB-39S  7/29/2002  
STANDARD 4' X 4' SQUARE CONCRETE 

NO.39 CATCH BASIN  
No. 39 3.5” x 4’ 2” 

D-CB-39SC     
STANDARD 5'2" X 5'2" SQUARE 

CONCRETE NO. 39 CATCH BASIN  
No. 39 3.5” x 4’ 2” 

D-CB-39SD  9/11/2002  
STANDARD 7' X 7' SQUARE CONCRETE 

NO.39 CATCH BASIN  
No. 39 3.5” x 4’ 2” 

D-CB-39SE  2/13/2004  
STANDARD 9' X 9' SQUARE CONCRETE 

NO.39 CATCH BASIN 
No. 39 3.5” x 4’ 2” 

D-CB-40S  7/29/2002  
STANDARD 4' X 8' RECTANGULAR 

CONCRETE NO. 40 CATCH BASIN  
No. 40 3.5” x 4’ 2” 

D-CB-40SE  5/05/2005  
STANDARD 9' X 9' SQUARE CONCRETE 

NO.40 CATCH BASIN 
No. 40 3.5” x 4’ 2” 

D-CBB-12A  5/27/2001  

TYPE "B" CAST IRON FRAME, GRATE & 

NONMOUNTABLE INLET DETAILS FOR 

NOS. 10, 12, 14, 16, AND 17 TYPE 

CATCH BASINS  

 1.5” x 19” 

D-CBB-12B  5/27/2001  

TYPE "B" CAST IRON FRAME, GRATE & 

6" MOUNTABLE INLET DETAILS FOR 

NOS. 25, 26 AND 27 TYPE CATCH 

BASINS  

 1.5” x 19” 

D-CBB-12C  5/27/2001  

TYPE "B" CAST IRON FRAME, GRATE & 

4" MOUNTABLE INLET DETAILS FOR 

NOS. 28 AND 29 TYPE CATCH BASINS  

 1.5” x 19” 

D-CBB-13  5/27/2001  

TYPE "B" CAST IRON FRAME, GRATE & 

NONM0UNTABLE INLET DETAILS FOR 

NO. 13 TYPE CATCH BASINS  

 1.5” x 19” 

D-CBB-31  5/27/2001  

TYPE "B" CAST IRON FRAME, GRATE & 

INLET DETAILS FOR NOS. 31,41, 45, 

46, & 51 TYPE CATCH BASINS  

 1.5” x 19” 

D-CBB-42  5/27/2001  
CAST IRON GRATE DETAILS FOR NOS. 

42, 43 & 44 TYPE CATCH BASINS  
 3.25” x 3.25” 

D-SLD-1 ; 

D-SLD-2 ; 

D-SLD-3 

5/27/2001  SLOTTED DRAINS   1.75” x 20’ 

D-TD-1 

 TRENCH DRAIN   1” x 5.5” 

http://www.tdot.state.tn.us/Chief_Engineer/engr_library/design/StdDrwgEng_PDFs/DCB38RB_090504.pdf
http://www.tdot.state.tn.us/Chief_Engineer/engr_library/design/StdDrwgEng_PDFs/DCB38S_072902.pdf
http://www.tdot.state.tn.us/Chief_Engineer/engr_library/design/StdDrwgEng_PDFs/DCB38SB_090504.pdf
http://www.tdot.state.tn.us/Chief_Engineer/engr_library/design/StdDrwgEng_PDFs/DCB38SC_090504.pdf
http://www.tdot.state.tn.us/Chief_Engineer/engr_library/design/StdDrwgEng_PDFs/DCB39RB_052701.pdf
http://www.tdot.state.tn.us/Chief_Engineer/engr_library/design/StdDrwgEng_PDFs/DCB39S_072902.pdf
http://www.tdot.state.tn.us/Chief_Engineer/engr_library/design/StdDrwgEng_PDFs/DCB39SC_000000.pdf
http://www.tdot.state.tn.us/Chief_Engineer/engr_library/design/StdDrwgEng_PDFs/DCB39SD_091102.pdf
http://www.tdot.state.tn.us/Chief_Engineer/engr_library/design/StdDrwgEng_PDFs/DCB39SE_021304.pdf
http://www.tdot.state.tn.us/Chief_Engineer/engr_library/design/StdDrwgEng_PDFs/DCB40S_072902.pdf
http://www.tdot.state.tn.us/Chief_Engineer/engr_library/design/StdDrwgEng_PDFs/DCB40SE_050505.pdf
http://www.tdot.state.tn.us/Chief_Engineer/engr_library/design/StdDrwgEng_PDFs/DCBB12A_052701.pdf
http://www.tdot.state.tn.us/chief_engineer/engr_library/design/StdDrwgEng_PDFs/DCBB12B_052701.pdf
http://www.tdot.state.tn.us/chief_engineer/engr_library/design/StdDrwgEng_PDFs/DCBB12C_052701.pdf
http://www.tdot.state.tn.us/chief_engineer/engr_library/design/StdDrwgEng_PDFs/DCBB13_052701.pdf
http://www.tdot.state.tn.us/chief_engineer/engr_library/design/StdDrwgEng_PDFs/DCBB31_052701.pdf
http://www.tdot.state.tn.us/chief_engineer/engr_library/design/StdDrwgEng_PDFs/DCBB42_052701.pdf
http://www.tdot.state.tn.us/chief_engineer/engr_library/design/StdDrwgEng_PDFs/DSLD1_052701.pdf
http://www.tdot.state.tn.us/chief_engineer/engr_library/design/StdDrwgEng_PDFs/DSLD2_052701.pdf
http://www.tdot.state.tn.us/chief_engineer/engr_library/design/StdDrwgEng_PDFs/DSLD2_052701.pdf
http://www.tdot.state.tn.us/chief_engineer/engr_library/design/StdDrwgEng_PDFs/DTD1_000000.pdf
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Following are select findings from the stormwater outfall mapping project related to drop inlets: 

 

• Bridges often contained multiple round openings with no grate, such as that shown in 

Photo 1.  Most bridge drop openings (90% of those recorded) ranged from 2-4” in 

diameter.  Occasional bridge drops measured six inches in diameter (261 total).  Photo 1 

displays a typical 4” diameter bridge drop located on State Route (SR) 170 above the 

Clinch River in Anderson County, Tennessee. 

.   Photo 1. 

• Drop inlets along the bottom of concrete barriers often do not employ a grate.  For 

example, the drop inlet shown in Photo 2 is located on the side of a four lane highway 

(SR-116 north of Fraterville in Lake County, Tennessee); thirteen openings measure 5” x 

28” each and drain directly to the terrain below. 

  Photo 2. 
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• A 30” x 60”catch basin along Interstate 75 near Lake City, Tennessee, is shown in Photo 

3.  This is one example of the 27 drop inlets recorded with the notation “grate missing.” 

  Photo 3. 
 

• Occasional odd instances of homemade inlets were encountered, such as those shown in 

Photos 4 and 5.  Both photos were taken along a stretch of SR-34 in Johnson City, 

Tennessee. 

  Photo 4. 
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  Photo 5. 
 

Curb Inlets 

 

Another potential area of concern is curb inlet openings.  To date, 3,568 curbs have been 

included in stormwater outfall data.  Of the curbs marked with measurements, back openings 

ranged from 1” to 9” in height; the longest curb opening was recorded as 72” wide.   Photos 6 

and 7 show typical curb openings encountered during the outfall mapping project. 

 

  Photo 6. 
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  Photo 7. 
 

Debris 

 

Types of debris often observed along roadways and in storm sewer systems are summarized in 

Table 2 below. Stormwater best management practice (BMP) research conducted by SAIC 

during 2008 and 2009 involved trash collection at three storm water outfalls in the East 

Tennessee region.  Two of these outfalls lie adjacent to an interstate interchange with high 

average daily traffic (ADT).  The third outfall is a six-foot-diameter pipe which serves as the 

primary discharge for a storm sewer system along SR-62 in the city of Clinton, Tennessee.   

Leaves, grass clippings, and cigarette butts comprised the bulk of debris collected on a regular 

basis at these sites. 

 

Table 2. Examples of Common Solid Debris. 

Common Debris Average Size  Will pass through which TDOT grates? 

Aluminum can 
height = 4.8” 

diameter = 2.5” 
Unlikely to pass through unless damaged. 

20 oz. 

plastic bottle 

height =  8.5” 

diameter =  2.5” 
Unlikely to pass through unless damaged. 

Wood chips / 

mulch 
varies;  up to 2” x 3”  Potentially all. 

Candy wrapper varies; average 2” x 6” 
Potentially all, especially when torn or 

crumpled. 

Disposable cups varies;  up to 5” x 8” 
Potentially all; especially when torn or 

crumpled. 

Leaves varies; up to  4” x 4”  Potentially all, especially when torn or 
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crumpled. 

Miscellaneous 

paper products 
varies; up to 8.5 x 11” 

Potentially all; especially when torn or 

crumpled. 

Grass Clippings <0.25” x 1-2” Likely to pass through all grates. 

Cigarette Butts 0.25” x 1” (dry) Likely to pass through all grates. 

 

What Others Have Done 

 

In 2005-2006, the City of Los Angeles carried out a pilot study to investigate the effectiveness of 

catch basin opening screen covers in preventing trash from entering the storm sewer system. 

Twenty-four catch basin screens were installed within the Westlake area.  These covers were 

constructed from hot dipped galvanized expanded metal with diamond shaped openings, 

approximately 1” in length.  Covers spanned the entire length and height of curb openings, and 

were designed to open when sufficient flow mobilized floatable trash in the area and pushed the 

screen open. 

 

Data collection and measurements were made after four separate storm events exceeding 0.25 

inch.  A previous study of 30 catch basins in 2004 had resulted in characterization of collected 

waste as 85% plastic material and paper greater than one inch.  Therefore, during dry weather, it 

was assumed that 85% of material previously entering the catch basin was blocked by the newly 

installed screen.  Further analysis of materials collected after rain events in the 2005-2006 study 

yielded an effective rate of trash removal (for all trash greater than one inch) of 86%.1  The 

increase of 1% was primarily attributed to those times when storm water opened the screen and 

previously collected trash and debris were admitted to the system in lieu of causing stormwater 

to pond on the road. 

 

“Full capture” of trash under the Los Angeles Regional Water Control Board (LA RWQCB) 

requires retaining all particles larger than 5 mm throughout events up to and including the peak 

flow resulting from a one-year, one-hour storm.  Retrofitting existing stormdrains can be very 

expensive, so use of a variety of BMPs to control trash has been implemented in both the City 

and County of Los Angeles.  These BMPs include: 

 

• Catch basin opening covers (as described above) 

• Catch basin inserts 

• Hydrodynamic separators/vortex separators 

• Screening, netting and basket devices at the end of pipes 

• Litter booms 

• Anti-littering enforcement 

• Bans or fees on specific products that often become litter 

• Taxes on businesses that are the source of litter 

• Public clean-ups 

 
1 Technical Report: Assessment of Catch Basin Opening Screen Covers.  June 2006.  City of Los Angeles, Watershed 

Protection Division. 
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• Trash receptacles 

• Street sweeping 

• Open channel clean-ups 

• Raising public awareness through methods such as catch basin 

stenciling2 

 

Conclusions 

Catch basins are not ideally designed to capture sediment, pollutants, and other debris.  Sumps 

will collect some portion of suspended pollutants and non-floatable debris, but without regular 

maintenance, sumps eventually fill and no longer offer any significant treatment to incoming 

storm water.  Performance of the sump with respect to sediment collection and non-floatable 

debris continues to lessen, even before the sump is full, each time additional sediment and/or 

debris is deposited.  In addition, small floating debris and pollutants such as oil and grease freely 

enter grate openings and pass through into the storm sewer system. 

A reduction in grate spacing might seem a reasonable option at first glance, especially for those 

grates with the larger openings, such as reflected in standard drawings D-CB-38x, -39x, and -

40x.  However, even if TDOT standards were revised, it would likely be years before a 

significant number of grates in the field reflected these new standards.  As the stormwater outfall 

mapping data shows, standard drawings do not necessarily reflect what exists in the field.  In 

addition, although some reductions of grate sizing might prove beneficial for capturing large 

debris, the majority of debris entering storm sewer systems is quite small. 

In lieu of revising current standards for grates on catch basin inlets, curb inlets, and other storm 

sewer system inlets, it is recommended that TDOT continue to employ a wide range of BMPs to 

address storm water quality.  Current technology offers some structural measures, such as inlet 

screens and hydrodynamic separators, capable of effectively capturing debris in storm water 

flow.  In high density areas known or found to contribute large amounts of debris, increased 

maintenance efforts and public awareness campaigns can reduce the amount of trash and debris 

coming into contact with storm water runoff in the first place. 

 
2 Municipal Best Management Practices for Controlling Trash and Debris in Stormwater and Urban Runoff,  



TDOT MS4 Permit Post-Construction Stormwater Management Evaluations 

 

1.0 Permit Section 2.1.5.E Post Construction Storm Water Management 

The TDOT MS4 Permit (No. TNS077585)  requires TDOT to design and implement a research program 

where BMPs for post-construction stormwater management can be implemented on a semi-permanent 

basis for research evaluation.  Specifically, the permit required TDOT to:  

“Select four mature highway sites, with the approval of TDEC, where 
BMPs can be implemented on a semi-permanent basis for research 

evaluation. The purpose of this research is to measure storm water 

runoff quality at a storm drain outfall before and after BMP 
implementation and determine effectiveness… Prior to implementing the 
selected BMP, TDOT will conduct sampling at each site during a 

minimum of twelve months to determine background levels of 

pollutants.” 

Selection of the four sites was based on:  

(a) nature relative to typical highway design segments,            

(b) average daily traffic (ADT),  and  

(c) the percentage of non-TDOT drainage contributing to the runoff.  

 

The TDEC approved TDOT Best Management Practice Study Plan details  sampling methods, parameters 

to be analyzed, and project objectives. A total of 297 storm water runoff samples were collected from all 

four approved sites between December 17, 2008 and May 31, 2011. Samples included grab samples 

acquired as soon as the flow and rainfall criteria were achieved; and flow-weighted composites taken over 

the duration of a storm event. 

Samples were evaluated for the following parameters: 

 - total and dissolved metals (cadmium, copper, lead, zinc),  

- chemical oxygen demand (COD),  

- Nitrogen as total kjeldahl nitrogen (TKN), Nitrate/Nitrite, and ammonia (NH3),  

- total phosphorus, and ortho-phosphate,  

- total suspended solids (TSS),  

- total dissolved solids (TDS),  

- diesel range petroleum hydrocarbons (TN EPH),  

- gasoline range petroleum hydrocarbons (TPH-GRO),  

- chloride, and  

- total and fecal coliform (including E. coli).  

 

Because there are no promulgated regulatory standards (e.g., numeric criteria applicable to highway 

stormwater outfalls), and/or guidelines regarding the acceptable level of contaminants in stormwater 

runoff associated with TDOT highways and right-of–way activities applicable in Tennessee, or which set 

limits or standards on the quality of stormwater discharged from the TDOT ROW, stormwater screening 

levels (SWSLs) were developed for this project to provide criteria upon which to evaluate the observed 

analytical results.  Regulations, and permit benchmark values applied to other regulated stormwater run-

off sources were the primary source of standards used to determine the SWSLs. 

  



TDOT Stormwater Screening Levels 

Laboratory 
Analyses  

Laboratory 
Detection 

Limit  

Project Specific 
Stormwater 

Screening Levels 
Source 

Conventional 

Chloride 1 mg/l 1200 mg/l TDOT MS4 Permit Facilities Monitoring Plan 

TSS  1 mg/l 150 mg/l TDOT MS4 Permit Facilities Monitoring Plan 

TDS 1 mg/l 500 mg/l U.S. EPA National Drinking Water Regulations 

COD 1 mg/l 120 mg/l TDOT MS4 Permit Facilities Monitoring Plan 

TN EPH 0.10 mg/l 10.0 mg/l 
No promulgated Federal or State Regulations found for water or 
stormwater.  Based on criteria established for oil and grease in TDOT 
MS4 Permit Facilities Monitoring Plan 

TPH 0.10 mg/l 1.0 mg/l 
TDEC Division of Underground Storage Tanks, Technical Guidance 
Document -011 

pH N/A 5.0-9.0 Tennessee Storm Water Multi-Sector General Permit 

Total Hardness 25 mg/l 60-120 mg/l US Geological Survey National Stream Quality Data 

Microbial 

  

  

Total Coliform N/A 1000 CFU/100 ml TDEC Total Maximum Daily Load risk assessment based on Tennessee 
General Water Quality Criteria 

Fecal Coliform N/A 1000 CFU/100 ml TDEC Total Maximum Daily Load risk assessment based on Tennessee 
General Water Quality Criteria  

E. Coli N/A 941 CFU/100 ml TDEC Total Maximum Daily Load risk assessment based on Tennessee 
General Water Quality Criteria 

Nutrients 

   
TKN  0.3 mg/l 0.68 mg/l Tennessee Storm Water Multi-Sector General Permit 

NH3  0.3 mg/l 4.0  mg/l Tennessee Storm Water Multi-Sector General Permit 

Total 
phosphorus  

0.05 mg/l 2.0 mg/L Tennessee Storm Water Multi-Sector General Permit 

Ortho-
phosphate  

0.05 mg/l 2.0 mg/l Tennessee Storm Water Multi-Sector General Permit 

Nitrate + 
nitrite (NO3 + 
NO2) - N 

0.1 mg/l 0.68 mg/l Tennessee Storm Water Multi-Sector General Permit 

Total Metals 

   

  

Cd (cadmium) 0.0002 mg/l 0.0021 mg/l Tennessee Storm Water Multi-Sector General Permit 

Pb (lead) 0.001 mg/l 0.156 mg/l Tennessee Storm Water Multi-Sector General Permit 

Cu (copper) 0.001 mg/l 0.018 mg/l Tennessee Storm Water Multi-Sector General Permit 

Zn (zinc) 0.001 mg/l 0.395 mg/l Tennessee Storm Water Multi-Sector General Permit 

Dissolved Metals 

   

  

Cd (cadmium) 0.0002 mg/l 0.0020 mg/l Converted from Tennessee Storm Water Multi-Sector General Permit 
Benchmark for Total Metals 

Pb (lead) 0.001 mg/l 0.123 mg/l 
Converted from Tennessee Storm Water Multi-Sector General Permit 
Benchmark for Total Metals 

Cu (copper) 0.001 mg/l 0.017 mg/l Converted from Tennessee Storm Water Multi-Sector General Permit 
Benchmark for Total Metals 

Zn (zinc) 0.001 mg/l 0.386 mg/l Converted from Tennessee Storm Water Multi-Sector General Permit 
Benchmark for Total Metals 

 

Of the 22 priority pollutants, analytical results from only four parameters exceeded their SWSLs in at 

least 10% of the samples evaluated:  

•  total kjeldahl nitrogen (exceeded SWSL in 77% of samples),  

•  Nitrate/Nitrite (45% exceeded SWSL), 



•  total coliform (98% exceeded SWSL) and  

•  fecal coliform (60% exceeded SWSL).   

• COD exceeded its SWSL in slightly less than 10% of the samples evaluated for that parameter 

• TSS exceeded its SWSL in slightly more than 5% of the samples evaluated for that parameter 

• TDS exceeded its SWSL in slightly more than 7% of the samples evaluated for that parameter 

• total copper exceeded its SWSL in slightly less than 7% of the samples evaluated for that 

parameter 

All other parameters exceeded their respective SWSLs in less than 1% of the samples evaluated for that 

parameter. Only nutrients and pathogens appeared to be present in the TDOT stormwater runoff at 

significant concentrations. 

 

2.0 Follow-up Evaluations 

Based on the original sampling results, TDOT pursued three follow-up evaluations to better understand  

the source and basis of the observed stormwater run-off characterizations.  These evaluations included: 

 

- BMP implementation as required by permit section 2.1.5.E. BMPs evaluated included open-grade 

friction course paving and vegetated swales. 

- Focused evaluation on the source and nature of the observed nutrient contamination. 

- Focused evaluation on the source and nature of the observed pathogen contamination. 

 

2.1. BMP Implementation 

Permit Section 2.1.5.E continues: 

 

“Prior to implementing the selected BMP, TDOT shall conduct sampling at each 

site during a minimum of twelve months to determine background levels of 

pollutants. Based on the findings, TDOT shall implement the selected BMP at 

the site.” 

 

Because the results of the stormwater sampling showed contaminants that were not easily managed by 

conventional BMPs, TDOT decided to evaluate two stormwater management  methods already in use by 

TDOT for their effectiveness in managing the observed contamination, open-grade friction course paving 

and vegetated swales. 

 

2.1.1 Open-Grade Friction Course Paving 

Open-Grade Friction Course (OGFC) is an open-graded Hot Mix Asphalt (HMA) mixture with 

interconnecting voids that provides improved surface drainage during rainfall. The rainwater drains 

vertically through the OGFC to an impermeable underlying layer and then laterally to the daylighted edge 

of the OGFC. OGFC has a narrowly-graded coarse aggregate and a high asphalt content that includes a 

larger percentage of air voids than typical asphalt paving.  With the safety of Tennessee motorists as a 

priority, OGFC has been gaining interest with TDOT pavement engineers. The back spray from vehicles 

in fast-moving traffic is drastically reduced by using this strong, stable, porous mix that allows water to 

travel through the pavement to the edge of the road and down the side instead of collecting on top of it. 

OGFC mixtures have long been noted for reduction in back spray, prevention of hydroplaning, improved 

wet-weather visibility of traffic stripes, and reduced headlight glare. These mixes are also gaining wide 

appeal due to noise reduction characteristics. Studies have also indicated the use of OGFC may also have 

environmental benefits in that the concentration of some contaminants in the stormwater runoff from the 

roadway may be significantly reduced.  Since 2005, TDOT has been placing OGFC pavements on 

interstates and other select routes as a measure to reduce wet-weather crashes. This special type of asphalt 
mixture is designed to be porous and allow for rainwater to drain towards the shoulder underneath the 

riding surface as opposed to the typical “dense-graded” asphalts that require water to drain on top.  In 

June 2015,  TDOT re-paved the entire length of I-275 in Knoxville, Tennessee, with OGFC.  The TDOT 

ECO saw this as a unique opportunity to evaluate the stormwater contaminant reduction by characterizing 

the highway runoff at multiple locations both immediately before and after the application of OGFC.  

Previous studies by other state DOTs have typically only been able to characterize the stormwater runoff 



after the application of OGFC and then compare the contaminant concentration levels to those from other 

locations and/or to generic values of highway stormwater runoff.    

 

In this evaluation, four sampling locations were identified along I-275 in Knoxville and stormwater 

samples were taken from these same four locations while the highway was paved with standard non-

porous asphalt as well as after the application of OGFC.  Stormwater sampling locations for this project 

were about 1.5 to 4 miles south of the Merchants Drive and I-75 interchange site used for other ongoing 

TDOT-sponsored highway run-off monitoring investigations.  The evaluation was conducted in three 

phases: Phase 1 was the baseline case prior to the re-paving with OGFC. This phase began on March 27, 

2015 and was completed on June 9, 2015, immediately before the OGFC  re-paving work began.  A total 

of 31 samples were acquired from 9 rainfall events during Phase 1.  Phase 2 began on July 24, 2015, 

immediately after the completion of re-paving with OGFC, and was completed on July 29, 2016 to 

provide a full 12 months of sampling results with the intent to observe any seasonal variations that might 

occur in the sampling results.  A total of 63 samples were acquired from 21 rainfall events.   Phase 3 (see 

Table 4) includes long-term monitoring to determine if the impact of the OGFC on stormwater quality 

may change as the paving material matures.  This phase began on August 18, 2017, and  continued 

through February 21, 2019.  A total of 40 samples were acquired from 13 rainfall events.  Each full 

sample was analyzed for concentrations of Escherichia coli (E. Coli); Total Dissolved Solids (TDS); Total 

Suspended Solids (TSS); Volatile Suspended Solids (VSS); Nitrogen [Ammonia, Nitrate-Nitrite, and 

Total Kjeldahl Nitrogen (TKN)]; Total Phosphorus; Orthophosphate; Total Metals [Cadmium, Copper, 

Lead, and Zinc], Dissolved Metals [Cadmium, Copper, Lead, and Zinc]; and Extractable Petroleum 

Hydrocarbons (EPH).   

Results from the sampling showed significant reductions in most of the measured parameters.  Both the 

Phase 2 and Phase 3 results showed significant reduction in TSS levels after the installation of the OGFC 

pavement.  Reductions in both phases consistently exceeded 90 percent over the entire sampling period.  

TSS levels during Phase 3 were found to be less than those in Phase 2, indicating that that the OGFC 

effect on TSS levels did not lesson over time.  The significant reduction in the TSS  of over 90% is by far 

the most significant observation produced by this investigation, as TSS is postulated to be the driving 

mechanism for the transport of most of the other contaminants observed in stormwater runoff.  The 

reduction seen in the metals and nutrients are most likely just a result of their dependence on suspended 

sediments for mobility from the highway surface to the stormwater discharge.   

Conversely, the average E.coli values for all Phase 2 samples was 3,675 CFU/100 ml, which is a 76.4% 

increase over the Phase 1 (i.e., pre-paving) results.  While comparison of results within each location 

showed a significant increase at all sampling sites from Phase 1 to Phase 2, but levels decreased at three 

sampling sites during Phase 3.  Summary of the results are presented in the table below.   

OGFC Study Results Summary 

Parameter 

Phase 1 

Average 

 

Phase 2 

Average 

 

Phase 3  

Average 

 

Percent 

Change 

From Phase 

1 to Phase 2 

Percent 

Change 

From Phase 

1 to Phase 3 

Percent 

Change 

From Phase 

2 to Phase 3 

E.coli (MPN/100 ml) 2,084 3,675 3, 970 +76.4 +90.5 +8.0 

TSS (mg/l) 478 38 14 -92.1 -97.0 -61.7 

TDS (mg/l) 328 1,078 262 +229 -20.0 -75.7 

Ammonia (mg/l) 0.213 0.183 0.183 -14.1 -14.0 +0.13 

Nitrate-Nitrite (mg/l) 0.639 0.323 0.355 -49.5 -44.5 +9.9 

Total Phosphorous (mg/l) 0.539 0.149 0.067 -72.3 -87.6 -55.3 

Orthophosphate (mg/l) 0.255 0.031 0.042 -87.8 -83.7 +34.4 

TKN (mg/l) 2.281 1.395 0.847 -38.8 -62.9 -39.3 

Total Copper (mg/l) 0.1189 0.0242 0.0147 -79.6 -87.7 -39.3 

Dissolved Copper (mg/l) 0.0269 0.0131 0.0127 -51.3 -52.7 -2.98 

Total Lead (mg/l) 0.0521 0.0078 0.0013 -85.1 -97.4 -82.8 

Total Zinc (mg/l) 0.6373 0.1315 0.1540 -79.4 -75.8 17.1 

EPH (mg/l) 3.52 3.35 2.26 -4.95 -35.8 -32.4 



 

Based on this initial evaluation, OGFC appears to have significant potential to reduce the key contaminant 

levels observed in highway stormwater run-off. 

 

 

2.1.2 Vegetated Swale Evaluation 

Vegetated swales are commonly used by TDOT to convey runoff from the roadway to an acceptable outlet 

point in a simple and aesthetically pleasing way. The nature and fate of runoff from TDOT ROW is 

somewhat different from that of typical urban stormwater runoff from municipalities. Within 

municipalities, runoff mostly originates from surfaces that drain directly into piped storm drains and is 

discharged to a surface waterbody. On the other hand, highway runoff frequently discharges to vegetated 

areas that can potentially infiltrate all or a portion of the stormwater and potentially function as infiltration 

basins. The swales can therefore result in runoff reduction and in lowering the peak flow during a storm 

event.  However, existing TDOT swales have never been evaluated for infiltration and runoff reduction 

capacity. Current estimates are that over 55% of the TDOT roadways may discharge to vegetated swales 

and ditches (approximately 7700 highway miles) and thus the ROW could include as much as 19,000 acres 

of vegetated swales state-wide.  However, this is a very rough estimate and one goal of the current swale 

evaluation efforts is to develop a more accurate and defensible version of these values based on existing 

GIS and Lidar mapping data. 

 

The ability of vegetated swales to 

function as stormwater management 

structures likely depends on multiple 

factors, such as their design 

parameters (channel slope, channel 

length and width etc.) and contributing 

drainage area characteristics (roadway 

area, swale area, average daily traffic 

volume, number of lanes, etc.), 

however, quantitative data on the role 

of these various factors is limited  

Two sites were selected for the initial 

evaluations, one is a swale along I-40 

west of Cookeville and the other is a 

swale on SR-111 north of Cookeville.  

The highway vegetated swale sections 

selected for this evaluation were 

isolated so that the potential rainfall and subsequent runoff from the adjacent highway could be clearly 

and accurately quantified.  The discharge from that section of swale was monitored to determine what 

percentage of the total potential runoff (i.e. rainfall and run-on from the highway) is actually retained and 

infiltrated, evaporated and/or transpired.   The SR-111 vegetated swale site had a mild cross-sectional 

slope of 5-10%, a total length of 650 feet, and an average width of 54 feet, yielding a total area of 1.9 

acres. The I-40 site had a steep slope of 15-30%, a total length of 1,140 feet, and an average width of 90 

feet, yielding a total area of 2.4 acres.  The layout and elevations of the swale sites were evaluated both 

through conventional land surveying techniques and through a LiDAR drone survey.  The discharge flow 

from the catchment areas were channeled without restriction or ponding through a 36-inch HDPE pipe 

and the flow through that pipe was monitored by a Teledyne ISCO TIENet 360 LaserFlow™ non-

contact flow sensor.  
 

Flow, soil and meteorological data were collected from 132 storm events at the SR 111 site over a 14 month 

period from 12/20/2018 through 2/24/202.  Data was collected from 88 storm events at the I-40 site over 

the 11 month period from 5/22/2019 through 3/28/2020. Preliminary results found that the SR-111 

experienced an overall runoff reduction of 49% over the entire 14 month period when considering the entire 

catchment area (i.e. total of impervious and pervious areas). However, the total flow volume infiltrated and 

evapotranspirated by the swale was over twice the run-off volume that could have been generated by the  

impervious area within the study catchment. The analysis of the\ I-40 site was more complex because it 



also received upstream run-on from a culvert which 

drained an area not included in the surveyed catchmnent 

area.  An overall runoff reduction of 30% was observed 

over the study catchment area when considering the 

upstream inflow in the calculations and a runoff reduction 

of 56% was observed when the upstream flow was 

excluded from the calculations.  For this site  the total 

flow volume infiltrated and evapotranspirated by the 

swale was over six times the run-off volume that could 

have been generated by the  impervious area within the 

study catchment.  At both sites the effect of seasonal 

evapotranspiration appeared to be significant, with runoff 

reduction capacity increasing by 30% to 50% during the spring and summer months when vegetation was 

more prominent. 

 

 

2.2 Focused Nutrient Evaluation 

The original TDOT TOW stormwater sampling (Section 1.0, above) found that nutrients were one of the 

contaminant types that exceed the program’s SWSLs and a supplement focused study of nutrient 

contamination was implemented to understand the nature and source of these results. The goal of this 

focused nutrient evaluation was to identify the sources of nitrogen concentrations in TDOT MS4 

stormwater runoff, as well as to understand the land use and meteorological influences on the 

concentrations. In order to accomplish the goal, three objectives were developed:  

 

(1) determine the contribution of atmospheric deposition to the loading of NO2¬- 

+NO3- in TDOT MS4 stormwater runoff;  

(2) evaluate the potential of land use as a source or sink for nutrient loading into 

stormwater runoff from the TDOT ROW, and  

(3) establish and implement stable isotope source-tracking techniques to identify 

sources of nitrogen in TDOT MS4 discharges. 

 

Three locations representing peri-urban (Putnam County), rural (Sumner County) and urban (Knox 

County) land uses distributed throughout Tennessee were selected for the evaluation. Stormwater and wet 

atmospheric deposition samples, as well as meteorological data were collected and analyzed for 138 

rainfall events over 25 months. A total of 933 stormwater samples were evaluated during this study, as 

well as 153 atmospheric deposition samples.  The original (2008-2011) TDOT stormwater sampling 

program evaluated 297 samples. TTU also performed a dual stable isotopic analysis to determine the 

potential sources of nitrogen (specifically NO3
- and NH3) in stormwater runoff and atmospheric 

deposition samples.  A total of 106 stable isotopic analyses were performed. 

 

Results indicate that the primary contributor of nitrogen in stormwater runoff at the Putnam County site 

was NO3- and NH3 in rain/precipitation, whereas that of the Sumner County site it was NH3 in fertilizer 

and rain. Both the Knox County sites showed soil as a primary source of nitrogen in stormwater runoff, 

which may have resulted from the vegetated swale and the sediment accumulation occurring in the culvert 

where samples were taken.  Overall, this study demonstrated that when TDOT ROW is largely pervious 

and well-maintained, devoid of land use influences outside of the ROW, dominant nitrogen source in 

stormwater runoff is atmospheric deposition or rain/precipitation. However, when the ROW and drainage 

area are influenced by surrounding land use or not maintained regularly, the nitrogen source shifts to soil.  

 

 

 

 



Comparison of Current Pollutant Concentrations Results with the 2008-2011 TDOT 

Stormwater Characterization Study 

 pH 
TSS 

(mg/L) 

TDS 

(mg/L) 

Chloride  

(mg/L) 

SRP  

(mg 

P/L) 

TP 

(mg 

P/L) 

TN  

(mg 

N/L) 

NH3  

(mg 

N/L) 

NO3
- 

(mg 

N/L) 

NO2
- 

(mg 

N/L) 

TKN  

(mg 

N/L) 

Current Nutrient Study (All sites) 

Mean 7.85 86.7 183.5 61.3 0.037 0.18 0.86 0.14 0.29 0.013 0.56 

Standard 

Deviation 
0.55 122.86 725.86 385.49 0.08 0.20 0.77 0.22 0.38 0.043 0.58 

Previous TDOT 2008-2011 Study (All sites) 

Mean 7.70 43.7 196.1 45.6 0.255 0.381 NA 0.251 0.744 1.58 

Standard 

Deviation 
0.77 73.9 207.2 108.7 0.322 0.458 NA 0.271 0.538 2.14 

TDOT 

Stormwater 

Screening 

Levels 

5.0-

9.0 
150.0 500.0 1200.0 2.0 2.0 --- 4.0 0.68 0.68 

 

Overall, TDOT ROW stormwater run-off nutrient values observed during this evaluation were 

significantly lower than the results observed in the original TDOT MS4 Permit mandated stormwater 

sampling, which was performed from 2008 to 2011.  The current results would not have exceeded the 

SWSL developed to evaluate the significance of the original sampling data. 

 

 

2.3. Focused Pathogen Evaluation 

TDOT has also sponsored a focused evaluation of pathogens in its stormwater run-off performed by the 

University of Tennessee – Knoxville (UTK).  The UTK team sampled stormwater discharges from the 

TDOT ROW and pathogen impaired stream segments upstream and downstream from the TDOT 

stormwater discharge points.  These samples were evaluated using bacterial source tracking methods at 

the UTK laboratories for E. coli and other water quality parameters.  Preliminary results from the UTK 

study came to the following conclusion: 

 

“The separation of roadway runoff samples from stream samples indicates that the 

microbial community composition in the stormwater runoff was significantly 

different from that of the stream water, suggesting that the receiving stream was 

not impacted significantly by the stormwater runoff from the roadways. These 

results are in support of previous observations that the roadway stormwater 

runoff was not a primary contributor of pollutant loading to the stream.” 

 

The detection of microbial indicators such as E. coli is typically assumed to be indicative of 

recent fecal contamination and the potential presence of bacterial pathogens. However, the 

original TDOT stormwater sampling found evidence suggesting the presence of naturally 

occurring microbial indicators in its stormwater discharges. Th findings from these additional 

evaluations further suggest that the presence of indicator organisms in the original TDOT stormwater 

sampling could not necessarily be attributed to fecal contamination with public health implications. 

 

 



3.0 Conclusions and Recommendations for Further Investigation 

 

3.1 Open-Grade Friction Course Paving Findings 

The results of the OGFC investigation fulfilled the requirement of Section 2.1.5.E of the TDOT MS4 

Permit to demonstrate the effectiveness of a specific BMP in mitigating the impact of contaminants of 

concern from TDOT highway stormwater runoff.  Overall, the OGFC pavement has shown encouraging 

indications that it can be a very valuable tool for TDOT in meeting future stormwater permit 

requirements.  Achieving TSS reductions of over 80% will qualify it as a BMP that would meet the runoff 

reduction requirements now being imposed on Tennessee municipalities under their MS4 permits.  Other 

state DOTs (e.g. Texas DOT) have produced similar data in their evaluations of the environmental 

benefits of OGFC.  However, before OGFC can be accepted as a BMP meeting the runoff reduction 

requirements, additional data will likely be required at other Tennessee sites to demonstrate that the 

results described above can be consistently replicated in highway runoff situations.  The implications of 

the observed pathogen results must also be further delineated.  As TDOT continues to repave Tennessee 

highways with OGFC, similar investigations should be performed to verify the results of the I-275 study. 

 

3.2 Vegetated Swales Investigation Findings 

The most significant observation from the swale investigation for TDOT at the SR-111 site was that the 
total flow volume infiltrated and evapotranspirated by the swale was over twice the run-off volume that 

could have been generated by the  impervious area within the study catchment.  Similarly, at the I-40 site 

the total flow volume infiltrated and evapotranspirated by the swale was over six times the run-off volume 

that could have been generated by the  impervious area within the study catchment.  This result indicates  

that TDOT highways discharging stormwater to vegetated swales would be in compliance with the current 

TDEC MS4 Permit runoff reduction requirements being imposed on municipalities.  Current rough 

estimates are that 75% of non-urbanized area highway miles (7,240 miles) discharge stormwater to 

vegetated swales and10% of urbanized area highway miles (450 miles) discharge stormwater to vegetated 

swales.  The total highway miles that discharge stormwater to vegetated swales would then be 

approximately 7,700 miles.  Assumeing that, on average, each highway mile discharges to a 10 ft. wide 

vegetated swale on each side of the roadway (not including medians). Thus TDOT has approximately 

811,852,800 sq.ft.  (18,638 acres) of vegetated swales in place.   

 

At both sites the effect of seasonal evapotranspiration appeared to be significant, with runoff reduction 

capacity increasing by 30% to 50% during the spring and summer months when vegetation was more 

prominent. 

 

To build on the success of the swale project and further demonstrate that TDOT is likely already in 

compliance with the runoff reduction requirements currently being imposed on Tennessee municipalities 

several follow-up investigations are recommended. 

1. Continuing monitoring the two existing sites with some actions to see if we can improve 
the infiltration and evapotranspiration capability of the swales through some simple 

actions such as mechanically aerating the soil, adding soil amendments to increase 
permeability (Maryland DOT is doing this), reduce mowing frequency, and introducing 

new ground cover plants that would increase evapotranspiration.   
 

2. Identify 2 or 3 new swale locations and move the existing equipment there.  Monitor the 

sites for at least 12 months as we did with the last iteration.  Again, this would be a 
relatively low cost option since there would be no need to purchase any new equipment, 

just relocating the existing systems.  However, LiDAR drone surveys of the new sites 
would have to be performed.    

  

3. Set up the high resolution flow monitoring equipment at the existing I-75 site in 
Knoxville and the SR-136 interchange in Cookeville to evaluate the runoff reduction 

created by the large vegetated areas at these interchanges.  The cost of this project would 



be dependent on whether it is possible to adapt the existing equipment to these sites or  
new LaserFlow sensors and supporting equipment had to be purchased. 

 
4. Apply the existing GV-SWTH model to additional Tennessee counties to develop a more 

defensible estimate for the area of vegetated swales in the TDOT ROW.  Counties would 

be selected to be representative of the entire state (i.e. in East, Middle and West 
Tennessee) and represent urban versus rural distribution of highways. 

 

3.3 Focused Nutrient Evaluation Findings 

Overall, TDOT ROW stormwater run-off nutrient values observed during this evaluation were significantly 

lower than the results observed in the original TDOT MS4 Permit mandated stormwater sampling.  This 

decline in nutrient levels is consistent with the values observed in atmospheric deposition over the last ten 

years. 

 

 
NO3

- concentration each year at Tennessee Sites from the 

National Atmospheric Deposition Program 
 

Since atmospheric deposition is a principal source for nutrients in TDOT ROW stormwater discharges, the 

decline in the TDOT stormwater results would be expected.  Based on the lower nutrient levels in the 

stormwater results and the large size of the recent database, there appears to be no need for additional 

investigations into nutrient contamination in TDOT highway runoff.  At some point, these results will need to 

be translated into actual stream loadings for verification of TMDL compliance, but those calculations will 

require a better understanding of the number and typical flow volumes from TDOT stormwater management 

systems and outfalls to waters of the state. 

 

 

3.4 Focused Pathogen Evaluation Findings 

TDOT has sponsored research by the University of Tennessee – Knoxville (UTK)  to sample stormwater 

discharges from the TDOT TSCS (MS4) and pathogen impaired stream segments upstream and 

downstream from the TDOT stormwater discharge points.  These samples were evaluated using bacterial 

source tracking methods at the UTK laboratories for E. coli and other water quality parameters.  

Preliminary results from the UTK study came to the following conclusion: 

 

“The separation of roadway runoff samples from stream samples indicates 
that the microbial community composition in the stormwater runoff was 

significantly different from that of the stream water, suggesting that the 

receiving stream was not impacted significantly by the stormwater runoff 
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from the roadways. These results are in support of previous observations that 
the roadway stormwater runoff was not a primary contributor of pollutant 

loading to the stream.”  
 

UTK has continued to investigate the use of indicator organisms (such as E.coli) to evaluate the presence of 

human fecal pollution in stormwater runoff.  Organisms previously assumed to be specifically associated with 

fecal materials have been found to survive and grow in non-fecal environments.  Therefore, it is problematic 

to use the detection of indicator organisms as a tool to evaluate fecal contamination of stormwater runoff.  To 

overcome this problem, the composition of all bacterial constituents in stormwater samples (i.e. community 

fingerprints) were  used as a collective marker.  The community fingerprints of stormwater samplers were 

compared with those representative of human fecal materials (i.e. sewage) to determine the potential 

contribution of human fecal sources to the microbial loading in runoff from the TDOT right-of-way (ROW).  

Preliminary findings from the use of the microbial fingerprinting techniques at existing TDOT ROW runoff 

sampling sites and receiving streams suggest that the presence of indicator organisms in TDOT MS4 

stormwater could not necessarily be attributes to fecal contamination with public health implication.   These 

studies have strongly indicated that the presence of pathogens in TDOT stormwater runoff is not a significant 

contributor to surface water contamination and thus there appears to be no need for additional investigations 

into pathogen contamination in TDOT highway runoff.  At some point, these results will need to be translated 

into actual stream loadings for verification of TMDL compliance, but those calculations will require a better 

understanding of the number and typical flow volumes from TDOT stormwater management systems and 

outfalls to waters of the state. 
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1.0 INTRODUCTION 
This document provides a menu of post-construction best management practices (PCBMPs) to be used by 
the Tennessee Department of Transportation (TDOT) and its contractors in compliance with Section 
2.1.5.A of the National Pollutant Discharge Elimination System (NPDES) Municipal Separate Storm 
Sewer System (MS4) Permit No. TNS077585, issued April 28, 2006 by the Tennessee Department of 
Environment and Conservation (TDEC).  Section 2.1.5 requires TDOT to: 

 
“Develop, implement and enforce a program to reduce pollutants in storm water from the 
post-construction facilities including roadways, right-of–ways and appurtenants subject 
to storm water runoff.” 

 
Subsection A, for which this document was developed, requires that in the third year of coverage under 
the current MS4 permit referenced above, TDOT is to develop: 
 

• a menu of structural post-construction storm water BMPs that can be applied to 
new highways or upgrades of existing highways; and 

• a menu of nonstructural post-construction storm water BMPs that can be applied 
to new highways or upgrades of existing highways. 

 
This document presents the requested menu of post-construction best management practices, both 
structural and non-structural) and discussion of each selected measure, including additional 
sources of in-depth information for the use of individuals responsible for design, implementation, 
and maintenance of these measures. 
 
2.0 BACKGROUND 

2.1  Post Construction Runoff Control 

MS4 operators such as TDOT are required to meet the Post Construction Runoff Control minimum 
control measure [40 CFR 122.34(b)(5)] in areas of new development or redevelopment.  There are two 
primary impacts from post-construction runoff: (1) increased storm water volume, and (2) an increase in 
both the types and amounts of pollutants in storm water runoff.  Increased storm water volume most often 
results from an increase in impervious area, but can also be caused by altered drainage patterns.  
Increased pollution is a common result of development; developed areas often contain such pollutants as 
oil and grease, heavy metals, pesticides, nutrients such as nitrogen and phosphorus, and immobilized 
sediment. 

2.2  Previous Research, Pilot Studies, and Current Standards 

TDOT has developed and implemented a Statewide Storm Water Management Plan (SSWMP), which 
includes measures used to minimize storm water impacts during the construction process in compliance 
with the NPDES construction permit.  The U.S. Environmental Protection Agency (EPA) recommends 
development of construction and post-construction storm water plans be done in tandem, due to the 
similar nature of construction and post-construction best management practices (BMPs) and overall storm 
water related goals.  Therefore, during the development of this menu of PCBMPs, all existing TDOT 
methods, whether designed for temporary or permanent use either during or after construction, were kept 
in mind and are appropriately referenced throughout this document. 
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2.2.1  Post­Construction Storm Water Research 
In 2007, TDOT solicited research on what other state departments of transportation (DOTs) have done to 
address post-construction storm water.  A review of ten DOTs (Arkansas, California, Florida, Georgia, 
Indiana, Kentucky, North Carolina, Ohio, South Carolina, and Virginia) followed the requirements 
outlined in Section 2.1.5.F of the current MS4 permit: 
 

“Conduct a literature review of post-construction storm water quality runoff best 
management practices. Research how other DOTs are handling post-construction storm 
water quality from highway and facility sites. Develop a report outlining the findings and 
incorporate the findings into the research to be conducted in activity A and activity E in 
this table.” 

 
Information obtained in these research efforts was summarized in a report titled Post-Construction Storm 
Water Best Management Practices Research Report (TriAD, 2007).  This report included more than 
twenty structural and six nonstructural PCBMPs adopted for standard use by the subject DOTs.    In lieu 
of recommending individual measures for adoption by TDOT, the TriAD report offered standard sets of 
structural PCBMPs for eight scenarios.  These eight scenarios and possible structural PCBMPs are 
summarized in Table 1.  These BMPs include: catch basin with a manufactured system, in-line storage, 
grassed swale, pond, bioswale, constructed wetland, infiltration trench, gross solid removal device 
(GSRD), dry weather flow diversion, level spreader, energy protection area, porous pavement, vegetated 
filter strip, oil/water separator, and bioretention cell.  Each of the measures proposed by TriAD in 2007 
has been included within the TDOT Post-Construction Menu of Storm Water Control BMPs except two. 

In-line storage systems use storage located within a storm drain system to detain peak flow during heavy 
rain events; however, they offer no water quality treatment and only limited protection of downstream 
channels.  For these reasons, the EPA does not recommend the use of in-line storage systems in many 
circumstances.  Due to the large number of available PCBMPs, in-line storage has not been included in 
the final TDOT Menu of PCBMPs.  

Dry weather flow diversions, the use of which is well documented in California, act to divert urban runoff 
(non-stormwater runoff from activities such as irrigation or car washing) to sanitary sewer systems and/or 
sewer treatment plants during periods of dry weather.  However, during rain events, stormwater is 
directed through its “original” flow path in the storm sewer system.  Therefore, PCBMPs aimed at 
stormwater control would be required to the same extent whether a dry weather flow diversion was in 
place or not.  The only clear benefit of a dry weather flow diversion would be to pass off responsibility 
for minimal non-stormwater runoff between rain events to another entity.  It is unlikely that the 
municipalities TDOT interacts with would be interested in this scenario. 

2.2.2  Manufactured Systems Pilot Study 
In 2002, TDOT initiated a pilot study of manufactured systems at TDOT facilities.  Three units - an 
Advanced Drainage Systems (ADS) Water Quality Unit, Royal Environmental Eco Sep Oil and Water 
Separator, and BaySaver Separation System - were installed at the Nashville facility; a Continuous 
Deflective Separation (CDS) system had been installed in 2001 as part of a facility addition.  The 
Knoxville facility received a Crystalstream (PBM) Oil/Grit Separator and Aquaswirl Concentrator, and a 
Baysaver Separation System was installed at the Smith County I-40 East Rest Area. 
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Table 1.  2007 "Standard Scenario" Recommendations. 

Scenario Recommended BMPs 

Interstate with multiple lanes 
and center concrete divider 

• Catch basin with a manufactured system 
• In-line storage1 
• Grassed swale 
• Retention Pond 

Divided highway 
with grass medians 

• Bioswale 
• Constructed wetland 
• Retention Pond 
• Infiltration trench 

Multiple lane road 
with curb drains 

• Catch basin with a manufactured system 
• Gross solid removal device (GSRD) 
• Dry weather flow diversion1 

Multiple lane road, 
drains to shoulders 

• Bioswale 
• Constructed wetland 
• Retention Pond 
• Level spreader 

Narrow two-lane road, 
steep slopes on both sides 

• Energy Protection Area2 
• Bioswale 
• Retention Pond 

Narrow two-lane road, 
flat vegetated surroundings 

• Grassed Swale 
• Wetland 
• Energy Protection Area2 
• Retention Pond 

TDOT facility 
with large drainage area 

• Wetland 
• Porous Pavement 
• Vegetated Filter Strip 
• Oil/Water Separator 

TDOT facility 
with small drainage area 

• Wetland 
• Porous Pavement 
• Bioretention Cell 
• Oil/Water Separator 

1. This BMP has not been included in the TDOT Menu of PCBMPs. 
2. Discussed as part of Better Site Design in Section 3.2.1.A. 

 
 
By the end of 2007, three additional treatment units had been installed.  The Knoxville facility and 
Nashville Floating Maintenance each acquired a Baysaver Separation System, and an Aquaswirl 
Concentrator was installed at the Smith County I-40 West Rest Area.  A summary of the units installed to 
date at TDOT Facilities is shown in Table 2.  Additional information on these manufactured systems, 
including installation specifics, performance, and lessons learned during the pilot study, is included in 
Appendix A. 
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Table 2.  BMPs Installed at TDOT Facilities. 

Location Product Installation 
Date 

Description Treated 
Flow 

Capacity 

Floatables 
Storage 

Capacity 
Nashville 
outfall 0-2 

ADS Oct. 2002 89 ft. long, 60 in I.D HDPE pipe with 
weir near midpoint to trap sediment 
and baffle over outlet to capture 
floatables 

18.5 cfs 4000 gal. 

Nashville 
outfall 0-3 

CDS 
(Australian 
through 
Sherman-
Dixie) 

July 2001 Consists of three circular  precast 
concrete chambers stacked on top of 
each other. The upper chamber 
provides initial separation, the middle 
chamber includes filter baskets for 
solids separation and the lower 
chamber is a collection sump.  

2.8 cfs 400 gal. 

Nashville 
outfall  0-4 

BaySaver Sep. 2002 Two separate cylindrical chambers of 
precast concrete  using a trapezoidal 
weir in the primary chamber as an oil 
separation device. (10K Unit) 

21.8 cfs 1110 gal. 

Nashville 
outfall 0-6 

Ecosep  Aug. 2002 Three separate precast concrete 
manholes, first chamber is grit 
chamber for solids separation, other 
two are oil separators. 

2.72 cfs 1200 gal. 

Nashville 
Floating 
Maintenance 

BaySaver Jan 2004 Two separate cylindrical chambers of 
precast concrete  using a trapezoidal 
weir in the primary chamber as an oil 
separation device. (5K Unit) 

11.1 cfs 630 gal 

Knoxville 
outfall SW0-3 

PBM  July 2002 Precast concrete box using baffles to 
control flow and increase gravity 
separation. Trash basket on front end 
for debris and adjustable weir with “oil 
bucket” to skim off floating oil. 

6.2 cfs 200 gal. 

Knoxville 
outfall SWO-2 

Aqua-Swirl Sept. 2002 Single HDPE tank using vortex action 
and baffle to separate solids and 
floatables. 

14 cfs 1000 gal 

Knoxville 
SWO-1 

BaySaver March 2006 Custom designed unit consisting of 
two rectangular precast concrete 
chambers using a trapezoidal weir in 
the primary chamber as an oil 
separation device. 

27 cfs 1650 gal. 

I-40 Smith 
County Rest 
Area East 

Baysaver Sept. 2003 Two separate cylindrical chambers of 
precast concrete  using a trapezoidal 
weir in the primary chamber as an oil 
separation device. (5K Unit) 

11.1 cfs 630 gal 

I-40 Smith 
County Rest 
Area West 

Aqua-Swirl June 2007 Single HDPE tank using vortex action 
and baffle to separate solids and 
floatables. 

14 cfs 1000 gal 
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2.2.3  Current TDOT Standards 
Chapter 10 of the TDOT Design Division Drainage Manual (DDDM) (May 2008) discusses TDOT’s 
current approach toward controlling the effects of storm water on TDOT projects.   The majority of the 
control measures discussed in Chapter 10 aim to minimize erosion and sedimentation through 
implementation of temporary structural measures during the construction process.  Only a few permanent 
structures are identified within Chapter 10:  riprap energy dissipaters, riprap apron outlet protection, level 
spreaders, and permanent detention/retention basins.  A review of TDOT standard roadway drawings 
revealed one additional permanent structural measure already in use by TDOT and its contractors: a 
concrete flume.  It can be argued that since dissipaters, apron outlet protection, and flumes all function 
with a primary goal of erosion prevention, they do not meet the criteria of a post-construction BMP with 
respect to storm water volume or quality.  However, dissipators, apron outlet protection, and flumes have 
been included in this menu of PCBMPs as any change in water velocity caused by development may 
negatively impact water quality.  In addition, any reduction in storm water velocity delays some quantity 
of water from its impact further downstream, thereby impacting the discharge rate of storm water from 
the project site.  Dissipators, apron outlet protection, and flumes are further discussed in Section 3.2.1.A – 
Flow Control. 
 
3.0  POST­CONSTRUCTION BEST MANAGEMENT PRACTICES 
PCBMPs are intended to address either: (1) increased storm water volume; or (2) an increase in both the 
types and amounts of pollutants in storm water runoff; after construction activities have been concluded.  
Structural PCBMPs aim to reduce one or both of these issues on a site specific basis.  Nonstructural 
PCBMPs focus on eliminating storm water pollution at the source and/or maintaining storm water 
volumes at pre-construction levels.  Nonstructural PCBMPs are not necessarily site specific, and may 
involve intangible aspects such as raising awareness of storm water concerns, better planning and 
management of new construction, and maintenance of structural PCBMPs.  Most projects will gain 
maximum benefits from a combination of both structural and nonstructural PCBMPs. 

Fifteen structural measures and twelve non-structural practices have been selected for inclusion in the 
TDOT Menu of Post-Construction Storm Water Control BMPs, shown in Table 3.  Three additional 
BMPS not well-suited for linear roadway projects have been included in a category labeled Facility. 
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Table 3. TDOT Menu of Post-Construction Stormwater Control Best Management Practices. 

Classification Group Practice 

Structural 

Ponds 
“Dry” Extended Detention Pond 

“Wet” Retention Pond 

Infiltration 

Infiltration Basin 

Infiltration Trench 

Exfiltration Trench 

Filtration 

Bioretention Cell 

Sand Filters 

Organic Filters 

Underground Sand Filters 

Vegetation 

Constructed Wetlands 

Grassed Swales 

Grassed Filter Strips 

Manufactured Systems 

Oil/Water Separators 

Gross Solid Removal Devices 

Catch Basin Inserts 

Non-Structural 

Better Site Design 

Flow Control 

Level Spreader 

Paved Flume 

Rock Outlet Protection 

Plunge Pools 

Buffer Zones 

Treatment Trains 

Alternative Materials 

Vegetative Control 

Maintenance 

Roadway and Bridge Maintenance 

Street Sweeping 

BMP Inspection and Maintenance 

Facility 

Alternative Turnarounds 

Green Parking 

Green Roofs 
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3.1  Structural PCBMPs 

Structural PCBMPs aim to reduce: (1) the volume of storm water; and/or (2) the types and amounts of 
pollutants in the storm water; discharged from the post-construction site. 

Effectiveness 

The effectiveness of a structural PCBMP is influenced by a number of factors: (a) size, type, and design 
of the control measure; (b) number and types of pollutants present; (c) site geology, soil type, and 
topology; (d) watershed characteristics; (e) climate; and (f) rainfall duration, intensity, and the time 
between rain events. 

Considerations 

The majority of structural PCBMPs must be anticipated during the initial roadway design process.  Often 
these measures will require additional right-of-way or easements not otherwise necessary for the 
construction project.  On both existing and new roadways, permanent structures such as ponds, trenches, 
and grassed swales may prove challenging due to right-of-way limitations. 

Mechanisms 

Table 4 lists the various processes most commonly employed by structural PCBMPs to reduce selected 
pollutants in storm water.  Key terms are defined below: 

• During sedimentation, particles previously suspended in storm water settle out due to the 
force of gravity. 

• Filtration occurs when storm water passes through a porous medium and particulates are 
trapped within void spaces. 

• Both adsorption and absorption are types of sorption, a process in which one material is 
taken up and held by another. 

• Oxidation refers to a chemical reaction in which atoms of an element lose one or more 
electrons. 

• Conversion of a pollutant into a vapor or gas occurs during the process known as 
volatilization. 

• Precipitation is a chemical reaction in which a pollutant in solution is converted to a solid 
state. 

• Bacteria in soil and water form nitrates and nitrates from ammonia during biological 
nitrification. 

• Microbial decomposition occurs when microorganisms feed on organic compounds, 
breaking them down into various chemical components. 

• Phytoremediation uses green plants to remove pollutants from storm water and render them 
harmless to the environment, either by changing their chemical makeup or immobilization. 
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Table 4.  Mechanisms Employed for Various Pollutants. 

Pollutant Effective Mechanisms 
BOD 
(biological oxygen demand) Sedimentation, Filtration, Microbial Decomposition 
COD 
(chemical oxygen demand) Sedimentation, Filtration, Oxidation, Microbial Decomposition 
Hydrocarbons Phytoremediation 
Metals Sedimentation, Filtration, Sorption, Precipitation 
Nitrogen Sedimentation, Filtration, Biological Nitrification, Phytoremediation 
Pathogens Sedimentation 
Petroleum Hydrocarbons Oxidation, Volatilization, Microbial Decomposition 
Phosphorus Sedimentation, Filtration, Sorption, Precipitation, Phytoremediation 
Solids Sedimentation, Filtration 
Synthetic Organics Sorption, Oxidation, Volatilization, Microbial Decomposition 

Descriptions 

Each of the selected structural BMPS is described within the following pages.  Each description is 
accompanied by the following figure: 

Volume Quality 
  

 

Boxes shaded in green indicate what concern(s) the selected BMP addresses.  For example, a constructed 
wetland will treat both primary areas of concern: this BMP reduces the volume of storm water leaving the 
site during and immediately following a precipitation event by detaining a large volume of runoff.  Storm 
water quality is improved through vegetative removal of sediment, heavy metals, toxic materials, oil and 
grease, and other pollutants. 

Each description offers a brief summary of the measure, information regarding its applicability, and 
considerations specific to the measure.  Specific sources of additional information for each measure are 
referenced for those interested in further details or design assistance.  To avoid overwhelming the general 
reader, references within descriptions have been limited to the following: 

• EPA Fact Sheets from the National Menu of Best Management Practices (Appendix B); 

• Federal Highway Administration (FHWA) Fact Sheets for Stormwater Best Management 
Practices in an Ultra-Urban Setting (Appendix C); 

• Ohio Department of Transportation (ODOT) guidance from Location and Design, 
Volume 2 (Drainage Design); 

• Altanta Regional Commission guidance from Georgia Stormwater Management Manual 
Volume 2: Technical Handbook; and 

• TDOT guidance from standard drawings and DDDM. 
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3.1.1  Ponds 
Ponds (also referred to as basins) may serve multiple uses in addition to storm water control and 
treatment.  Typically, a pond requires significant land area, which can pose a challenge for linear highway 
projects.  Both detention and retention ponds are discussed in DDDM Section 10.08.3.4; however, no 
standard drawings exist since each pond must be designed to fit specific site hydrology.  DDDM Chapter 
8 offers detailed information on the planning and design of these permanent structures. 
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A.  “Dry” Extended Detention Pond 

Volume Quality 
  

Description:  A “dry” or extended detention pond fills with storm water in response to a precipitation 
event.  Between rain events, there is no permanent pool of water; typically water collected from a rain 
event fully discharges in 24-48 hours.  Dry ponds may be used in drainage areas of up to 75 acres. 

Application:  The primary use for an extended detention pond is to reduce downstream water quantity 
impacts.  When properly designed, dry ponds can provide downstream overbank channel protection and 
may offer area flood protection during severe storms.  An extended detention pond requires a large area 
and may be impractical for many linear roadway projects. 

Primary Mechanism: Sedimentation. 

Considerations:  Since water is only held for a short time before being released downstream, dry ponds 
offer little significant improvement to water quality.  Any particles that do settle in the basin during the 
storm water detention period are likely to be re-mobilized during the first flush of the next rain event.  
Therefore, extended detention ponds are best implemented in conjunction with other PCBMPs. 

For More Information: 

• Appendix B: U.S EPA Fact Sheet: Dry Detention Ponds. 

• Appendix C: FHWA Fact Sheet: Detention Ponds. 

• Chapter 8, TDOT DDDM. 

• Detention Basin, Section 1117.4, Location and Design Manual, Volume 2 (Drainage Design), 
ODOT. 

• Dry Detention/Dry ED Basins, Section 3.4.1, Georgia Stormwater Management Manual, Volume 
2 (Technical Handbook). 
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B.  “Wet” Retention Pond 

Volume Quality 
  

Description:  A “wet” or retention pond maintains a permanent pool of water even during dry weather.  
During storm events, remaining storage capacity fills with runoff.  This temporary storage zone drains 
slowly over the following 24-48 hours, allowing sediment and other pollutant particles to settle through 
the permanent pool, therefore improving the quality of water released downstream.  Establishment of a 
vegetative buffer around the permanent pool may offer additional treatment to storm water entering the 
retention basin. 

Application:  Wet ponds are not recommended for drainage areas smaller than 25 acres.   Wet ponds can 
provide downstream overbank channel protection and may offer area flood protection during severe 
storms.  A retention pond requires a large area and may be impractical for many linear roadway projects. 

Primary Mechanism: Sedimentation.  

Considerations:  Water held in a retention pond may have a significantly higher temperature than water 
found downstream due to the effects of solar radiation during the holding period.  Therefore, caution must 
be exercised when placing a retention pond upstream of high quality waters, such as trout streams, that 
may be negatively impacted by this temperature difference. 

For More Information: 

• Appendix B: U.S. EPA Fact Sheet: Wet Ponds. 

• Chapter 8, TDOT DDDM. 

• Retention Basin, Section 1117.5, Location and Design Manual, Volume 2 (Drainage Design), 
ODOT. 

• Stormwater Ponds, Section 3.2.1, Georgia Stormwater Management Manual, Volume 2 
(Technical Handbook). 
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3.1.2  Infiltration 
Infiltration PCBMPs take advantage of the natural chemical, biological, and physical processes that occur 
between soil and storm water to filter out pollutants.  As discussed in Section 1.0, development typically 
involves an increase in the amount of impervious surfaces, reducing the quantity of storm water able to 
enter the ground water system within the project site.  Infiltration BMPs provide a pathway for some of 
that storm water to enter into the groundwater system while simultaneously receiving water quality 
treatment. 

A.  Infiltration Basin 

Volume Quality 
  

Description:  An infiltration basin is a shallow depression that captures storm water runoff and 
discharges it into the ground.  The captured storm water infiltrates the soil subsurface and receives water 
quality treatment via absorption, straining, and bacterial degredation as it infiltrates the soil subsurface 
and enters the groundwater system. 

Application:  Infiltration basins are normally fed by a significant impervious drainage area, such as that 
found at an interchange or along a stretch of highway that drains to a single location.  These basins can be 
any shape, but typically cover an area roughly 2 to 4% of that of the upstream impervious area. 

Primary Mechanisms: Filtration, sorption, microbial decomposition. 

Considerations:  The type of soil situated beneath the infiltration basin plays a key role in determining 
the effectiveness of water quality treatment.  In areas of low-infiltration soil types, the required surface 
area of the basin may make this BMP impractical. 

For More Information: 

• Appendix B: U.S. EPA Fact Sheet: Infiltration Basin. 

• Appendix C: FHWA Fact Sheet: Infiltration Basin. 

• Infiltration Basin, Section 1117.7.2, Location and Design Manual, Volume 2 (Drainage Design), 
ODOT. 
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B.   Infiltration Trench 

Volume Quality 
  

Description:  Infiltration trenches offer a bit more flexibility with regard to placement than infiltration 
basins, but operate on a similar principle.  An excavated trench is lined and backfilled with stone to the 
original surface level.  Storm water drains through the rock layers into surrounding and underlying soil.  
In areas of impermeable soils or those with a confining soil layer, a partial trench may utilize a pipe to 
discharge excess storm water to an outlet. 

Application: Subsurface infiltration trenches may be used underneath pavement or grating.  Surface 
trenches are normally combined with additional treatment options, such as grassed swales, and therefore 
require more surface area. 

Primary Mechanisms: Filtration, sorption, microbial decomposition. 

Considerations:  Depth of bedrock and infiltration characteristics of native soil layers are primary 
considerations in the use of an infiltration trench.  Small infiltration trenches may be used to treat first 
flush storm water, while larger units can also limit flooding during heavy storm events. 

For More Information: 

• Appendix B: U.S. EPA Fact Sheet: Infiltration Trench 

• Appendix C: FHWA Fact Sheet: Infiltration Trench. 

• Infiltration Trench, Section 1117.7.1, Location and Design Manual, Volume 2 (Drainage Design), 
ODOT. 

• Infiltration Trenches, Section 3.2.5, Georgia Stormwater Management Manual, Volume 2 
(Technical Handbook). 
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C.  ExFiltration Trench 

Volume Quality 
  

Description:  An exfiltration trench consists of a perferated pipe surrounded by a bed of filter materials, 
normally coarse aggregate. Storm water runoff enters the pipe either via a catch basin or through a 
horizontal slot at the top of the pipe.  Storm water filters out from the pipe into the surrounding bed 
materials and then downward into the groundwater system. 

Application:  Exfiltration trenches may be employed along the shoulder of roads as stand-alone units or 
connected to other catch basins to form a complete drainage network.  As with other filtration/infiltration 
methods, pretreatment BMPs are recommended upstream to prevent the filter material from clogging with 
accumulated sediment. 

Primary Mechanisms: Sedimentation, filtration, infiltration. 

Considerations:  Groundwater contamination may occur with any infiltration method; therefore, 
exfiltration trenches should not be placed near any areas of high pollutant concern, such as gas stations.  
Areas with a high water table may require addition of filter fabric or other barrier methods to prevent 
native soil fines from entering the filter bed during reverse flow conditions. 

For More Information: 

• Exfiltration Trench, Section 1117.1, Location and Design Manual, Volume 2 (Drainage Design), 
ODOT. 
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3.1.3  Filtration 
Filtration measures act primarily by straining out fine particulates suspended in storm water runoff.  Often 
these measures are located downstream from at least one other BMP which removes large grain materials 
so that the filtration measure does not become clogged and ineffective.  Filtration measures are available 
in a range of designs to address small and medium drainage areas.  A filtration practice typically takes up 
two to three percent of the drainage area being served and therefore is well suited for use along roadways 
or other confined spaces. 
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A.  Bioretention Cell 

Volume Quality 
  

Description:  Bioretention cells (also referred to as rain gardens) are shallow depressions planted with 
vegetation overlying various layers of filtration materials.  Storm water is treated through natural 
vegetative processes and until discharged into the groundwater system or into the atmosphere through 
evapotranspiration. 

Application:  This measure is ideal for storm water runoff from large impervious areas and is often 
employed in parking lot islands and medians.  Bioretention cells should not be located in areas with a 
high water table or unstable soil layers. 

Primary Mechanisms: Sedimentation, filtration, sorption, microbial decomposition, phytoremediation. 

Considerations:  Areas surrounding the bioretention cell should be properly graded to promote sheet 
flow into the vegetated area and avoid erosive conditions that may result in heavy sediment loading. 

For More Information: 

• Appendix B: U.S. EPA Fact Sheet: Bioretention (Rain Gardens  

• Appendix C: FHWA Fact Sheet: Bioretention. 

• Bioretention Areas, Section 3.2.3, Georgia Stormwater Management Manual, Volume 2 
(Technical Handbook). 

• Bioretention Cell, Section 1117.6, Location and Design Manual, Volume 2 (Drainage Design), 
ODOT. 
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B.  Sand Filters 

Volume Quality 
  

Description:  Variations on surface sand filters range from those that simply collect storm water in a 
shallow basin lined with sand or other filter materials, to the Austin version, which employs a bypass 
chamber, sedimentation chamber, flow distribution cell, and sand filter bed.  In all variations, the primary 
mechanism is the filtration of storm water through a layer of sand. 

Application:  Sand filters may be used in watersheds up to 100 acres, although additional BMPs are 
recommended with use in large drainage areas.  Care must be taken to direct storm water into the filter 
area without encouraging erosive flow, which can clog the filter material.  Because sand filters do not 
discharge into groundwater, they can provide a good option for areas of karst topography. 

Primary Mechanisms: Sedimentation, filtration. 

Considerations:  Some designs maintain a permanent pool, between rain events offering a breeding site 
for mosquitoes and other pests.  Sand filters require significant head (four to eight feet) in order to induce 
the flow of storm water through filter material and should be located at least two feet above the water 
table. 

For More Information: 

• Appendix B: U.S. EPA Fact Sheet: Sand and Organic Filters. 

• Appendix C: FHWA Fact Sheet: Surface Sand Filters. 

• Sand Filter, Section 3.2.4, Georgia Stormwater Management Manual, Volume 2 (Technical 
Handbook). 
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C.  Organic Filters 

Volume Quality 
  

Description:  Organic filters employ organic materials such as peat and leaf compost to filter storm 
water.  Designs are otherwise very similar to those of sand filters.  

Application:  Organic filters are normally used in high-density areas up to 10 acres with high levels of 
contaminants such as hydrocarbons, metals, and other organic chemicals. 

Primary Mechanisms: Filtration, sorption, microbial decomposition. 

Considerations:  Organic media has a higher risk of becoming clogged than sand filters, so organic 
filters are often employed “off-line.”  Only a certain volume of storm water flow is diverted to the organic 
filter; excess volume must be treated by other methods if treatment of all volumes is deemed necessary. 

For More Information: 

• Appendix B: U.S. EPA Fact Sheet: Sand and Organic Filters. 

• Appendix C: FHWA Fact Sheet: Organic Media Filters. 

• Organic Filter, Section 3.2.3, Georgia Stormwater Management Manual, Volume 2 (Technical 
Handbook). 
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D.  Undergound Sand Filters 

Volume Quality 
  

Description:  Underground sand filters of the D.C. version are three-chambered measures. Storm water 
enters a settling basin where large particles filter out and then continues through a second chamber filled 
with sand or other filter material.  The third chamber captures overflow and discharges the treated storm 
water. The Delaware version (also referred to as a perimeter sand filter) is well suited for use along the 
edge of roadways or parking lots. 

Application:  This measure is best suited for small watersheds (1 acre or less), although it may be used in 
drainage areas up to 5 acres.  Because sand filters do not discharge into groundwater, they may provide a 
good option for areas of karst topography. 

Primary Mechanisms: Sedimentation, filtration. 

Considerations:  Maintenance requirements of underground sand filters are higher than those of other 
PCBMPs.  In addition, designs which maintain a permanent pool of water may provide breeding grounds 
for mosquitoes and other pests. 

For More Information: 

• Appendix B: U.S. EPA Fact Sheet: Sand and Organic Filters. 

• Appendix C: FHWA Fact Sheet: Underground Sand Filters. 

• Underground Sand Filter, Section 3.3.4, Georgia Stormwater Management Manual, Volume 2 
(Technical Handbook). 
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3.1.4  Vegetated Systems 
Vegetated systems employ green plants to filter storm water pollutants through a variety of processes. 

A.  Constructed Wetlands 

Volume Quality 
  

Description:  Constructed wetlands are wet ponds which incorporate wetland vegetation such as cattails, 
rushes, and sedges.  These wetlands normally have less biodiversity (both in plants and animals) than 
natural wetlands.  Constructed wetlands treat storm water through biological and naturally occurring 
chemical processes of the ecological system. 

Application:  Like ponds, constructed wetlands require significant area of drainage and significant room 
for placement.  Pocket wetlands normally require a minimum 5 acres of drainage; continuous baseflow 
and a drainage area of 25 acres or more is required for typical constructed wetlands. 

Primary Mechanisms: Sedimention, filtration, sorption, oxidation, biological nitrification, microbial 
decomposition, phytoremediation. 

Considerations:  In karst topography, constructed wetlands should be lined with an impermeable 
material to preserve the permanent pool and prevent sinkhole formation. 

For More Information: 

• Appendix B: U.S. EPA Fact Sheet: Stormwater Wetland. 

• Constructed Wetlands, Section 1117.8, Location and Design Manual, Volume 2 (Drainage 
Design), ODOT. 

• Appendix C: FHWA Fact Sheet: Wetlands and Shallow Marsh Systems. 

• Stormwater Wetlands, Section 3.2.2, Georgia Stormwater Management Manual, Volume 2 
(Technical Handbook). 
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B.  Grassed Swales 

Volume Quality 
  

Description:  Grassed swales are open, vegetated channels that reduce storm water velocity and provide 
water quality treatment through filtration and/or infiltration.  Dry swales incorporate a filter bed of soil 
and an underdrain system.  Wet swales maintain marshy conditions and act as a shallow wetland 
treatment system. 

Application:  Swales are well-suited for use along highways or other roads due to their linear design.  
Since dry swales do not retain water, they may be used upstream of temperature-sensitive streams. 

Primary Mechanisms: Sedimentation, filtration, infiltration, phytoremediation. 

Considerations:  Swales should not be employed in slopes greater than 4% and must be able to convey 
flow from design storms without incurring erosion.  Pretreatment at the swale inlet should be included in 
any design to trap incoming sediments.  Wet swales require either a high water table or poorly drained 
soils to retain a shallow pool of water. 

For More Information: 

• Appendix B: U.S. EPA Fact Sheet: Grassed Swales. 

• Appendix C: FHWA Fact Sheet: Dry and Wet Vegetated Swales. 

• Enhanced Swales, Section 3.2.6, Georgia Stormwater Management Manual, Volume 2 (Technical 
Handbook). 
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C.  Filter Strips 

Volume Quality 
  

Description:  Filter strips are densely vegetated sections of land designed to treat sheet flow through 
vegetative filtration and soil infiltration. 

Application:  Filter strips are typically employed as pretreatment in conjunction with other BMPs.  
Longer flow lengths will yield greater results, so available space is an issue to consider.  Along highways, 
filter strips may be used to treat stormwater runoff before it enters a stream or other body of water. 

Primary Mechanisms: Filtration, infiltration, phytoremediation. 

Considerations:  Uniform grading must be maintained so that water does not concentrate and bypass the 
filtration mechanism.  This BMP is recommended on slopes ranging from 2 to 6%; flatter slopes may 
encourage pooling of storm water. 

For More Information: 

• Appendix B: U.S. EPA Fact Sheet: Vegetated Filter Strips. 

• Appendix C: FHWA Fact Sheet: Filter Strips. 

• Filter Strip, Section 3.3.1, Georgia Stormwater Management Manual, Volume 2 (Technical 
Handbook). 
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3.1.5  Manufactured Systems 
Manufactured systems is a broad term that encompasses a range of commercial products engineered to 
remove pollutants from storm water.   

A.  Oil/Grit Separators 

Volume Quality 
  

Description:  An oil/grit separator (OGS), also referred to as a gravity separator, is designed to remove 
oil and grease, debris, floatables, and solids through gravitational settling. 

Application:  OGSs are best employed at locations were a high degree of petroleum contamination is 
expected in storm water runoff or as pretreatment in high-density locations.    Gravity separators are 
recommended for drainage areas under 1 acre, but may be used in drainages of up to 5 acres. 

Primary Mechanisms: Sedimentation, filtration. 

Considerations:  Gravity separators are not effective at removing dissolved or emulsified pollutants like 
coolants and lubricants.  Maintenance requirements are high for these units, as trapped pollutants must be 
removed or risk being resuspended during future storm events. 

For More Information: 

• Appendix A. 

• Appendix C: FHWA Fact Sheet: Oil/Grit Separator Units. 

• Gravity (Oil/Grit) Separator, Section 3.3.6, Georgia Stormwater Management Manual, Volume 2 
(Technical Handbook). 
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B.  Gross Solid Removal Device 

Volume Quality 
  

Description:  Gross solid removal devices, also called hydrodynamic separators or swirl concentrators, 
are modifications of traditional OGS units.  Separation of solids and suspended particulates from the 
storm water runoff may be assisted by a vortex, or swirl.  These units may be specifically designed to 
prevent the resuspension of removed materials. 

Application:  Like OGS units, GSRDs are normally employed in high-density areas where runoff 
becomes contaminated crossing impervious surfaces such as high-travelled roads or parking lots.  
Structural components are installed underground and may be retrofitted to existing storm sewers or 
replace a proposed hole in a new system. 

Primary Mechanisms: Sedimentation, filtration. 

Considerations:  Like OGS units, GSRDs have a high maintenance requirement.  Due to the wide range 
of individual units available on the commercial market, a GSRD must be individually selected to meet the 
individual characteristics and expected pollutants at a given site; these units are not “one size fits all.” 

For More Information: 

• Appendix A. 

• Appendix C: FHWA Fact Sheet: Manufactured Systems. 

• Manufactured Systems, Section 1117.2, Location and Design Manual, Volume 2 (Drainage 
Design), ODOT. 
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C.  Catch Basin Inserts 

Volume Quality 
  

Description:  Catch basin inserts (CBIs) are designed for placement within the catch basin structure, 
where they filter large sediment and debris from incoming storm water.  Some CBIs also absorb oil and 
grease through use of media filters. 

Application:  Catch basin inserts may be appropriate for unpaved areas that contribute coarse material to 
storm water runoff; however, they do not offer significant treatment of fine particles so runoff from 
impervious areas is unlikely to benefit much from their use.  CBIs are primarily most effectively 
employed in areas affected by high levels of debris. 

Primary Mechanisms: Sedimentation, filtration, sorption. 

Considerations:  Catch basin themselves serve as a sedimentation mechanism for storm water during 
normal rain events, as the water trapped within the sump deposits heavy debris and large sediment 
particles.  Addition of a catch basin insert will increase maintenance requirements, since clogged inserts 
may result in street flooding.  In addition, collected sediments must receive appropriate disposal. 

For More Information: 

• Appendix B: U.S. EPA Fact Sheet: Catch Basin Inserts. 

• Appendix C: FHWA Fact Sheet: Catch Basin Inserts. 
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3.2  Non­Structural PCBMPs 

Nonstructural PCBMPs aim to control the source of storm water pollution concerns.  Nonstructural 
PCBMPs do not require extensive construction efforts as structural measures often do; however, as stated 
earlier, nonstructural measures still must receive careful consideration during the design process.  In fact, 
better site design is a prime example of a nonstructural PCBMP.  Other nonstructural measures include 
reduction of impervious areas, materials management, maintenance, and public education. 

Nonstructural PCBMPs are often referred to as pollution prevention practices.  These practices prevent 
pollution by: (1) reducing or capturing pollutants at their source; and (2) by capturing and disposing of 
storm water at its source.  The distinction between structural and nonstructural PCBMPs can be unclear at 
times, so classification of individual measures may differ among reference materials. 

3.2.1  Better Site Design 
Better site design may incorporate a number of structural PCBMPs in addition to other nonstructural 
measures discussed in this document.  Significant environmental features may be left undisturbed, while 
minimizing cut and fill slopes will greatly impact post-construction drainage.  Post-construction storm 
water control must be in the forefront of the designer’s mind throughout the design process in order to 
most effectively control costs, use available space, and maintain or even improve pre-construction storm 
water quality and volumes. 

A. Flow Control 

Highway construction can drastically alter the flow of storm water runoff.  The conversion of land to 
impervious area and addition of cut/fill slopes can significantly increase both the volume and velocity of 
storm water runoff.  During the construction process, temporary measures such as slope drains and check 
dams can adequately address these issues.  However, permanent flow control must be considered during 
the initial design process and prove adequate to address post-construction storm water rates. 

A.1  Level Spreader 

A level spreader converts a small volume of concentrated flow into sheet flow, minimizing the potential 
for erosion and the resultant increased storm water sediment load.  Level spreaders may be employed in 
drainage areas up to 5 acres.  TDOT Standard Drawing EC-STR-61 provides additional information on 
both temporary and permanent use of level spreaders. 

A.2  Paved Flume 

Paved flumes are concrete channels used on highway cuts and fills to convey concentrated flow down 
steep slopes.  Paved flumes do not slow storm water velocity, and should therefore be combined with 
outlet protection to prevent scouring at the receiving channel.  TDOT Standard Drawing D-FLU-1 
provides details on flume design; baffles may be included at the base of these structures to check storm 
water velocity. 

A.3  Outlet Protection 

Storm water outlets often carry a risk of high-velocity concentrated flow scouring the discharge location, 
contributing sediment to storm water runoff and harming the stability of the receiving channel.  Properly 
designed outlet protection reduces storm water velocity and provides an effective barrier between the 
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storm water flow and underlying soils in the receiving channel.  Two methods of outlet protection are 
already widely in use by TDOT throughout Tennessee: 

• Permanent Energy RipRap Dissipator (TDOT Standard Drawing EC-STR-21); and 

• Riprap Apron Outlet Protection (Section 10.08.3.2 TDOT DDDM). 

A.4  Plunge Pools 

Plunge pools form naturally when high-velocity concentrated flow scours out a depression beneath a 
waterfall or outlet structure.  Manmade plunge pools have occasionally been used as alternatives to hard-
armour outlet protection when the required size of an apron proves prohibitive.  When properly designed, 
plunge pools do not experience continued scouring and may even recede in size until a hydrologic 
equilibrium is reached.  Plunge pools provide habitat for aquatic life and may incorporate vegetation as 
well. 

B. Buffer Zones 

Some references use the terms filter strip and buffer zones simultaneously.  However, within this menu of 
PCBMPs, filter strip refers to a densely vegetated section of land intended to treat storm water runoff as 
discussed in Section 3.1.4.C.  Buffer zones, on the other hand, are naturally occurring zones of vegetation 
that separate areas of development from adjacent property and/or waters of the state.  Buffer zones should 
be left undisturbed during construction or redevelopment whenever possible. 

C. Treatment Trains 

The term “treatment train” refers to the combination of multiple BMPs employed in series to provide 
more effective and comprehensive storm water treatment than would be possible with use of only one 
measure.  For example, each set of recommended BMPs for the eight scenarios listed in Table 2.2 
comprise a treatment train.  The goal of a treatment train is to maximize the number of treatment options 
available without needless duplication. 

3.2.2  Alternative Materials 
The goal in use of most alternative materials is to reduce the amount of pollutants entering the storm 
water system.  Selected materials may contain fewer toxic chemicals, consist of natural alternatives, or 
eliminate compounds known to leach into storm water runoff.  Alternative products may also help offset 
the increased storm water volume encountered in most developed areas. 

Porous Pavement and Pavers 

Porous pavements replace traditional asphalt and concrete materials with technologies designed to support 
vehicle traffic yet simultaneously allow an increased percentage of storm water to permeate downward 
through the roadbed.  Porous pavers are hollow blocks either poured-in-place or set in a grid system. 

Generally, porous pavements are used in parking areas and areas of low traffic volume, such as road 
shoulders, vehicle crossovers on divided highways, and emergency stopping areas.  Porous pavements are 
not recommended for areas of high traffic volume or heavy loadings.  Porous pavements should not be 
installed in close proximity to potential sources of high pollutants, such as gas stations and industrial 
sites, as the risk of contaminants entering groundwater is greatly increased.  In addition, porous 
pavements should be located an appropriate distance from building foundations and drinking water wells. 
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Additional information on alternative pavement and porous pavers is available in the following 
documents: 

• Appendix B:  U.S. EPA Fact Sheet: Alternative Pavers. 

• Appendix B:  U.S. Fact Sheet: Porous Pavement. 

• Appendix C: FHWA Fact Sheet: Porous Pavements. 

• Modular Porous Paver Systems, Section 3.3.8, Georgia Stormwater Management Manual, 
Volume 2 (Technical Handbook). 

• Porous Concrete, Section 3.2.7, Georgia Stormwater Management Manual, Volume 2 
(Technical Handbook). 

3.2.3  Vegetation Control 
Vegetation control includes planting low-maintenance vegetation when possible, careful application of 
chemical fertilizers and pesticides, and proper disposal of clippings and cuttings after mowing and other 
maintenance activities.  Grass clippings contribute nutrients such as nitrogen and phosphorus to 
stormwater runoff, promoting algae growth in receiving lakes and streams.  Clippings may be left in place 
on vegetated areas of low velocity sheet flow, but should be kept off paved surfaces where they may be 
carried into the storm sewer system during wet weather.  In addition, areas immediately surrounding catch 
basins in grass medians and interchanges should be kept free from grass clippings when mowing is 
performed. 

3.2.4  Maintenance 
The importance of maintenance in storm water control cannot be overstated.  BMPs cannot function to 
their fullest capacity without receiving proper maintenance.  When kept properly maintained, roadways 
and bridges are likely to last longer before contributions to storm water pollution become excessive.  
Finally, activities like street sweeping are simple, yet very effective ways to keep debris and pollutants 
from being captured by stormwater in the first place. 

A.  Roadway and Bridge Maintenance 

Roads break down over time, exposing subsurface materials and increasing the number of suspended 
solids swept along by storm water runoff.  Salting and sanding are well-known practices with negative 
impacts to storm water runoff; improved application techniques can prevent wasteful over-applications 
and minimize the levels of these pollutants.  Paving operations should be completed only during dry 
weather conditions to reduce the risk of contaminating runoff.  Pothole repairs can be completed using 
porous pavement, which will assist local groundwater recharge. 

Bridge maintenance should be accompanied by the proper environmental precautions, such as tarps and 
vacuums to contain and remove paint scrapings and rust.  Bridge scupper drains, common in TDOT 
designs, allow storm water runoff to drop directly onto the terrain below, often waters of the state.  These 
drains pose two significant storm water pollution concerns.  First, they convey high levels of pollutants 
directly from the roadway to waters below.  Secondly, scupper drains have the potential to become 
blocked with debris and sediment if not cleaned on a regular basis, increasing the volume of storm water 
on the roadway. 



Tennessee Department of Transportation  Post-Construction Storm Water 
Scientific Applications International Corporation  Control Best Management Practices 
Page 29  May 2009 

B.  Street Sweeping 

Street sweeping may be appropriate for highway shoulders, rest stops, and TDOT maintenance facilities.  
Removing sediment, debris, and other solid materials from the roadway before a storm prevents these 
materials from requiring removal via another BMP downstream. Further information on street sweeping is 
available in Appendix C: FHWA Fact Sheet: Street Sweeping. 

C. BMP Inspection and Maintenance 

All structural post-construction BMPs require maintenance in order to perform their intended function, at 
minimum on an annual basis.  Annual maintenance costs can range up to 20% of the initial installation 
cost; therefore, inspection and maintenance should be taken seriously during initial selection of BMPs.  
Maintenance information on specific BMPs is included in the reference material cited for each structural 
measure contained in this document.  However, a few key notes bear mentioning here. 

Inspectors should be given a checklist of items to review, specific to the measure undergoing inspection.  
Documentation of the inspection results should include not only any needed maintenance, but also notes 
on the effectiveness of the BMP to help TDOT select appropriate measures for similar sites in the future.   

Routine repairs for many BMPs require common items, such as mowing machines, fertilizer, and 
replacement filters.  However, emergency repairs may be necessary at times, and advance preparation for 
emergency response is necessary to reduce the risk of harm to human safety or significant environmental 
damage.  A clogged inlet filter may not seem to pose much of a hazard, but a clogged outlet pipe in a 
large detention pond adjacent to a heavily traveled roadway could cause flooding and serious injury to 
passing motorists. 

3.3  Facility PCBMPs 
A number of PCBMPs employed by municipalities and commercial enterprises have been considered 
unlikely to provide effective storm water control on TDOT projects.  Typically, these BMPs are better 
suited for implementation at a new or renovated TDOT facility.  For example, an alternative turnaround, 
which provides a circular drive for cars to turn around with a center vegetated island, is unsuited for linear 
state highways; however, an alternative turn-around may be considered in lieu of a traditional cul-de-sac 
at a TDOT facility.  (See Appendix B: U.S. EPA Fact Sheet: Alternative Turnarounds for further 
information.) 

Other potential facility PCBMPs include: 

• Green parking refers to a group of techniques aimed at reducing the impervious surface area of a 
parking lot.  Some techniques are non-structural, such as the encouragement of carpools or use of 
public transportation that can translate into fewer needed parking spaces and shared parking lots, 
where two or more entities with alternate peak parking hours use the same space.  If redesign of 
an existing TDOT facility is proposed, structural PCBMPS such as a bioretention cell may be 
employed.  Alternative pavement and the use of above-ground or under-ground parking garages 
to minimize the footprint of the parking area are also green parking practices.  See Appendix B: 
U.S. EPA Fact Sheet: Green Parking for additional information. 

• Green Roofs can be applied to new construction, or retro-fitted to existing structures.  Aimed at 
capturing stormwater and releasing it back into the atmosphere through evapotranspiration, green 
roofs offer garden settings in an unexpected location. See Appendix B: U.S. EPA Fact Sheet: 
Green Parking for additional information. 
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One other popular storm water control measure employed in urban areas is a return to narrower 
roadways.  This concept was given consideration during the compilation of this menu, but eventually 
rejected for inclusion due to the very nature of TDOT business – building and maintaining roads – which 
requires large trucks and equipment at every facility. 
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ABSTRACT 

The purpose of this paper is to provide preliminary information on a project initiated by 
the Tennessee Department of Transportation (TDOT) to evaluate commercially available 
stormwater treatment systems regarding their capability to function as structural Best 
Management Practices (BMP’s) to support future TDOT stormwater regulatory 
compliance needs. The paper will describe the units that have been installed to date,  
provide preliminary information from the completed installations, and outline the plans 
for evaluation of the units and other future work planned to be performed. 

 

INTRODUCTION 

Compliance with the impending Phase II Stormwater regulations will require significant 
upgrades to stormwater systems across the state.  Near term actions will be required by 
many municipalities with separate stormwater sewers; construction sites disturbing 
greater than 1 acre in size, and state controlled roadways in certain urbanized areas, to 
develop and file a stormwater discharge permit application with the Tennessee 
Department of Environment and Conservation (TDEC) by March of 2003.  The March 
10th compliance deadline for permit application includes a requirement for a stormwater 
management plan that outlines what actions will be taken to improve discharge standards. 
One of the components of many stormwater management plans will be the use of 
structural BMP’s to treat stormwater prior to discharge to surface water. TDOT and its 
consultant, Science Applications International Corporation (SAIC), is working with 
TDEC, US EPA, the University of Tennessee (Knoxville and Jackson) and Tennessee 
Technological University to evaluate, select, install and test structural BMP units at 
TDOT’s four regional facilities in Knoxville, Chattanooga, Nashville and Jackson.   

Each of the selected units will be evaluated for treatment effectiveness, cost 
effectiveness, ease of installation, treatment capacity, applicability to actual and projected 
site conditions at TDOT facilities, and cost of operation and maintenance. To date, five 
units have been installed as a part of this project, three at the Nashville regional facility 
and two at the Knoxville facility. The selected units were retrofitted to capture and treat 
the discharge from the existing stormwater drainage systems existing at each of the 
TDOT facilities. A sixth unit that was previously installed at the Nashville facility will 
also be evaluated during the project. 

 

 



 

Units Distributed by: 
1 Advanced Drainage Systems, Franklin, TN 
2 Sherman-Dixie Concrete Industries, Hermitage, TN 
3 Viking Products, Mt. Juliet, TN 
4 Practical Best Management Inc., Stone Mountain, GA 
5 AquaShield, Inc., Hixson, TN 

 

BMP STORMWATER TREATMENT UNITS 

The stormwater treatment currently units installed at the Nashville TDOT facility include: 
• Advanced Drainage Systems (ADS) Water Quality Unit1; 
• Royal Environmental Eco Sep Oil and Water Separator2; 
• Baysaver Separation System3; and 
• Continuous Deflective Separation (CDS)2. 

The CDS system had been installed prior to the initiation of this project as part of stormwater 
management for a recent addition to the TDOT facility. 

The units installed at the Knoxville TDOT facility include: 
• Crystalstream (PBM) Oil/Grit Separator4; and 
• Aquaswirl Concentrator5. 

All of the units were purchased by TDOT from the local distributor and installed by SAIC and its construction 
subcontractor with technical guidance and assistance from the distributor and/or manufacturer.  Detailed 
documentation of the installation process for each unit was maintained by SAIC and an evaluation and 
comparison of the installation requirements for each unit will be part of the project final report. 

Treatment Unit Selection 

At the initiation of the project an extensive literature and internet search was conducted to identify all of the 
commercially available systems that had potential application to TDOT stormwater management needs. Over 
fifty potential vendors and stormwater treatment unit designs were originally examined. Criteria for selection of 
the units included: 

• suitability for given stormwater flow conditions – since all of the installations were retrofit conditions, 
the in-flow rate and potential contaminants could not be controlled and the unit must have been 
able to adapt to the situation. The requirement for the treated flow rate was based on a rainfall 
intensity of 2.54 inches/hour over the drainage area; 

• suitability for site physical conditions – the units were installed at an existing stormwater outfall, thus 
the units had to be able to be installed at a given location regardless of elevation differences 
between inlet and outlet, depth to existing stormwater pipe, distance from paved access, depth to 
groundwater, and presence of hazards (eg. overhead power lines, buried pipelines); 

• uniqueness of system design and construction - the selection process attempted to identify units which 
were representative of the major design philosophies and materials of construction currently 
available; and 

• cost – cost of the units was not a primary consideration, but if two units represented essentially the same 
design and materials of construction, the less expensive unit was selected. 

A summary of the units installed is provided in Table 1. 



 

 

TABLE 1  TDOT STORMWATER TREATMENT SYSTEMS 

Location Unit Installation 
Date 

Description Treated 
Flow 
Capacity 

Floatables 
Storage 
Capacity 

Capital and 
Installation 
Cost 

Nashville 
outfall 0-2 

ADS Oct. 2002 89 ft. long, 60 in I.D 
HDPE pipe with weir 
near midpoint to trap 
sediment and baffle 
over outlet to capture 
floatables 

18.5 cfs 4000 gal. $77,586 

 

Nashville 
outfall 0-3 

CDS  July 2001 Consists of three 
circular  precast 
concrete chambers 
stacked on top of each 
other. The upper 
chamber provides 
initial separation, the 
middle chamber 
includes filter baskets 
for solids separation 
and the lower chamber 
is a collection sump.  

2.8 cfs 400 gal. Not Available 

Nashville 
outfall  0-4 

BaySaver Sep. 2002 Two separate 
cylindrical chambers of 
precast concrete  using 
a trapezoidal weir in 
the primary chamber as 
an oil separation 
device. 

22 cfs 1110 gal. $68,623  

Nashville 
outfall 0-6 

Ecosep  Aug. 2002 Three separate precast 
concrete manholes, first 
chamber is grit 
chamber for solids 
separation, other two 
are  oil separators. 

2.72 1200 gal. $68,385  

Knoxville 
outfall  
SW0-3 

PBM  July 2002 Precast concrete box 
using baffles to control 
flow and increase 
gravity separation. 
Trash basket on front 
end for debris and 
adjustable weir with 
“oil bucket” to skim off 
floating oil. 

6.2 cfs 200 gal. $25,353 

Knoxville 
outfall  
SWO-2 

Aqua-
Swirl 

Sept. 2002 Single HDPE tank 
using vortex action and 
baffle to separate solids 
and floatable 

14 cfs 1000 gal $46,833 

 



 

 

SAMPLING AND ANALYSIS PROGRAM 
The primary objective of this sampling and analysis program is the collection of monitoring data to 
support TDOT’s evaluation of stormwater runoff treatment devices for their potential future use in 
meeting environmental compliance program requirements. The secondary objective is to provide site-
specific performance data on a variety of BMPs whose long-term use can yield significant 
environmental benefits to receiving waters of the State.  

Specific questions that will be addressed in the data analysis include the following: 

• How does the BMPs efficiency, performance and effectiveness compare to other BMPs tested? 
• Does the BMP help achieve compliance with water quality standards? 
• Does the BMP cause an improvement in or protect downstream biotic communities? 
• Does the BMP have potential downstream negative impacts? 
• What degree of pollution control does the BMP provide under typical operating conditions? 
• How does effectiveness vary from pollutant to pollutant? 
• How does effectiveness vary with various input concentrations? 
• How does effectiveness vary with storm characteristics such as rainfall amount, rainfall 

intensity, and antecedent dry conditions? 

Questions not addressed in this analysis include: 

• How do design variables affect performance? 
• How does effectiveness vary with different operational and/or maintenance approaches? 
• Does effectiveness improve, decay, or remain stable over time? 

Site Characteristics 

Common characteristics of  the Regional facilities include the presence of large impervious (paved) 
areas for vehicle traffic and parking, vehicle maintenance operations such as fueling, vehicle cleaning, 
painting and repair, and road maintenance functions, such as salt, sand and gravel storage, sign 
painting, and road-striping. A higher stormwater runoff flow rate (i.e., high runoff coefficient) is 
expected from parking lots and other the impervious areas than from vegetated areas at these sites. 
Common potential pollutants for all sites include petroleum products (oil & grease), heavy metals, 
sediment, bacteria and eroded sediment. The regional facilities may have additional pollutants 
characteristic of vehicle maintenance, including solvents and other synthetic organic compounds.  

Storm Events to be Monitored 

Storm events will be selected to yield the best quality data for the technology evaluation.  A qualifying 
storm event will be one where the pollutant concentrations are measurable, the composite sample is 
representative of the complete runoff hydrograph, and the difference in the influent and effluent EMC 
and EML can be calculated for each site-related pollutant.  Qualifying storm events must meet the 
following criteria: 

a.  the storm event must be >0.1 inches in magnitude. 

b.  the storm event must occur at least 7 day (168 hours) after the previously measured 
(>0.1inch) storm event. 



 

 

Ideally, there would be an opportunity to obtain samples from 15 qualifying storm events for each 
technology tested.  However, considering the probable practical limitations for the duration of  
evaluation, it is unlikely that each monitoring site will have 15 storm events resulting in  completed 
sampling and analysis.  

The results of this field demonstration and evaluation project will be used to aid in the selection and 
design of structural BMPs for future new construction and potential retrofits at the existing stormwater 
outfalls along the highways in “urbanized” areas, as well as other facilities and locations impacted by 
the Phase II regulatory requirements.   

DATA ANALYSIS 
Validated stormwater monitoring data will be analyzed to determine the efficiency of each technology 
in removing pollutants from stormwater runoff at TDOT facilities.  Both the reduction in stormwater 
runoff pollutant concentrations and the reduction in loading (pollutant mass) are relevant to this 
evaluation. Samples will be collected using flow-proportional composite sampling to allow calculation 
of the Event Mean Concentration (EMC) and Event Mass Load (EML) for each pollutant and each 
storm event. 

The EMC is the arithmetic average concentration of a specific pollutant in the total runoff volume from 
each storm event. The EML is the total constituent mass of a specific pollutant transported during a 
particular storm event.  The EML is calculated for each pollutant using the measured EMC and the 
total runoff volume for the event. 

Pollutant Load and Event Mean Concentration 

The mid-sample method (Charbeneau & Barrett 1998) will be employed to derive the volume to be 
associated with each aliquot concentration, where load and event mean concentration (EMC) are 
calculated as 
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and Ci is the concentration of the ith sample and Vi is the storm volume associated with the ith sample.  
The EMC, calculated using the mid-sample method, should be within 20% of the concentration of the 
composite sample. 

First Flush Response (Influent Aliquot Samples Only) 

The general assumption that the first part of the runoff is the most polluted will be evaluated by 
plotting curves of cumulative influent load versus cumulative influent volume for each constituent.  A 
first flush event has occurred, at least qualitatively, if the cumulative load curve falls above the 45o 
slope.  The cumulative load curve can also be used to determine whether a quantitative criteria first 
flush has been met.  For example, Saget et al. (1995) have proposed the 30/80 rule; the criteria that the 
first 30% of runoff transports at least 80% of the total event load.  Parameters like antecedent dry days, 
intensity, and catchment area and slope are known to be important factors that affect the degree of first 
flush response. 



 

 

BMP Removal Efficiency 

Two methods for evaluating BMP removal efficiency will be employed:  The Efficiency Ratio Method 
and The Effluent Probability Method. 

The Efficiency Ratio Method is the most commonly used method for evaluating BMP removal 
efficiency.  The Efficiency Ratio is defined in terms of the average EMC of pollutants over some time 
period, 
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This method weights EMCs from all events equally regardless of the relative magnitude of the storm.  
A high concentration/high volume event has equal weight in the average EMC as a low 
concentration/low volume event.  However, for the purpose of comparing removal efficiencies among 
several BMPs it is a valid method 

The Effluent Probability Method is the method recommended by EPA-ASCE (EPA-ASCE 2002) for 
evaluating BMP removal performance because it provides a statistical measure of influent and effluent 
quality.  In this method, a normal probability plot (Frequency of Occurrence vs. EMC) will be 
generated of the log transform of both influent and effluent EMCs for all events.  If the log 
transformed data deviates significantly from normality, other transforms will be explored to determine 
if a better distribution exists.  Probability plots will be supplemented with standard statistical tests that 
determine if the data is normally distributed; including the Kolmogorov-Smirnov one-sample test and 
the chi-square goodness of fit test.  These are paired tests comparing the data points from the best-
fitted normal curve to the observed data. 

REFERENCES 
Charbeneau, R.J. and Barrett, M.E. (1998).  “Evaluation of methods for estimating stormwater 

pollutant loads.” Water Environment Research, 70-1296. 

Saget, A., Chebbo, G. and Bertrand-Krajewski, K. (1995).  “The first flush in sewer systems.” In 
Proceedings International Conference On Sewer Solids Characteristics, Movement, Effects and 
Control, Dundee, U.K., pp. 58-65. 

U.S. Environmental Protection Agency (EPA) & American Society of Civil Engineers (ASCE) (2002).  
Urban Stormwater BMP Performance Monitoring.  A Guidance Manual for Meeting the 
National Stormwater BMP Database Requirements.    EPA-821-B-02--001. 



 

 

Lessons Learned from Installation and Operation of Structural BMP’s at TDOT 
Regional Facilities  

 

To date, six stormwater treatment units have been installed at TDOT facilities, three at the Nashville regional 
facility, two at the Knoxville regional facility, and one at the I-40 Rest Area in Smith County. The selected units 
were installed to capture and treat the discharge from the existing stormwater drainage systems existing at each 
of the facilities. A seventh unit that was previously installed at the Nashville facility (as part of a separate 
construction project) has also been observed and evaluated during this project.  

All of the units were installed as retrofits to existing stormwater collection and management system. Typically, 
the units were installed immediately downstream from the discharge outfall pipe and were permanently 
connected to the stormwater conveyance system. For those drainage areas that did not discharge into an 
underground pipe system, a standard stormwater catchbasin was installed at the discharge point and the 
catchbasin then fed the treatment system. 

Since most of the units have been installed for close to a year, a retrospective review of the installation process 
and the perceived advantages and disadvantages of each unit would appear to be in order. The  report 
summarizes the all the significant observations and lessoned learned during the installation of the units. The 
information is presented largely in tabular form to facilitate review of the relatively large number of 
observations and other data. The tables include: 

• Table 1  TDOT Stormwater Treatment System Descriptions (pages 3-4) 
• Table 2   Treatment System Cost per Treated Flow Capacity (page 5) 
• Table 3 Significant Observations During Installation (pages 6-9) 
• Table 4 Observed Advantages and Disadvantages of Each Treatment Units (pages 10-11) 
• Table 5 Common Design and Construction Related Issues (pages 12-13) 
• Table 6 Other Stormwater Treatment Units not Selected for Installation (pages 14-15) 

General conclusions from the installation experience are also provided. 

The stormwater treatment currently units installed at the Nashville TDOT facility include: 

• Advanced Drainage Systems (ADS) Water Quality Unit1; 
• Royal Environmental Eco Sep Oil and Water Separator2; 
• BaySaver Separation System3; and 
• Continuous Deflective Separation (CDS)2. 

The CDS system had been installed prior to the initiation of this project as part of stormwater management for a 
recent addition to the TDOT facility. 

The units installed at the Knoxville TDOT facility include: 

• Crystalstream (PBM) Oil/Grit Separator4; and 
• Aquaswirl Concentrator5. 

A BaySaver Separation System3   has been installed at the Smith County Rest Area 

Photographs and design drawings from the installation of each unit are provided in Appendix A. 

 



 

 

At the initiation of the project an extensive literature and internet search was conducted to identify all of the 
commercially available systems that had potential application to TDOT stormwater management needs. Over 
fifty potential vendors and stormwater treatment unit designs were originally examined. Criteria for selection of 
the units included: 

• suitability for given stormwater flow conditions – since all of the installations were retrofit conditions, 
the in-flow rate and potential contaminants could not be controlled and the unit must have been able to 
adapt to the situation. The requirement for the treated flow rate was based on a rainfall intensity of 2.54 
inches/hour over the drainage area; 

• suitability for site physical conditions – the units were installed at an existing stormwater outfall, thus 
the units had to be able to be installed at a given location regardless of elevation differences between 
inlet and outlet, depth to existing stormwater pipe, distance from paved access, depth to groundwater, 
and presence of hazards (eg. overhead power lines, buried pipelines); 

• uniqueness of system design and construction - the selection process attempted to identify units which 
were representative of the major design philosophies and materials of construction currently available; 
and 

• cost – cost of the units was not a primary consideration, but if two units represented essentially the same 
design and materials of construction, the less expensive unit was selected. 

 

A summary description of the units installed is provided in Table 1. 
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TABLE 1  TDOT Stormwater Treatment System Descriptions 

Location Unit Installation 
Date 

Description Treated 
Flow 
Capacity 

Floatabl
es 
Storage 
Capacity 

Labor and 
Equipment 
Cost for 
Installation 

Material 
Cost for 
Installation 

Nashville outfall 0-2 ADS Oct. 2002 89 ft. long, 60 in I.D HDPE 
pipe with weir near 
midpoint to trap sediment 
and baffle over outlet to 
capture floatables 

18.5 cfs 4000 gal. $44,188 

 

 

19,165 

Nashville outfall 0-3 CDS  July 2001 Consists of three circular  
precast concrete chambers 
stacked on top of each 
other. The upper chamber 
provides initial separation, 
the middle chamber 
includes filter baskets for 
solids separation and the 
lower chamber is a 
collection sump.  

2.8 cfs 400 gal. Not Available $16,500 

Nashville outfall  0-4 BaySaver Sep. 2002 Two separate cylindrical 
chambers of precast 
concrete  using a 
trapezoidal weir in the 
primary chamber as an oil 
separation device. 

22 cfs 1110 gal. $27,939 $40,446 

Nashville outfall 0-6 Eco-Sep  Aug. 2002 Three separate precast 
concrete manholes, first 
chamber is grit chamber for 
solids separation, other two 
are oil separators. 

2.72 1200 gal. $13,383 $53,397 
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TABLE 1 (continued)  TDOT STORMWATER TREATMENT SYSTEMS 

Location Unit Installation 
Date 

Description Treated 
Flow 
Capacity 

Floatabl
es 
Storage 
Capacity 

Labor and 
Equipment Cost 
for Installation 

Treatment 
System  Material 
Cost for 
Installation 

Knoxville 
outfall  
SW0-3 

PBM July 2002 Precast concrete box using 
baffles to control flow and 
increase gravity separation. 
Trash basket on front end 
for debris and adjustable 
weir with “oil bucket” to 
skim off floating oil. 

6.2 cfs 200 gal. $11,428 $13,925 

 

Knoxville 
outfall  
SWO-2 

Aqua-
Swirl 

Sept. 2002 Single HDPE tank using 
vortex action and baffle to 
separate solids and 
floatable 

14 cfs 1000 gal $14,132 $34,977 

Smith 
County 
Rest Area 

Bay 
Saver 

Sept. 2003 Two separate cylindrical 
chambers of precast 
concrete  using a 
trapezoidal weir in the 
primary chamber as an oil 
separation device. 

7.8 cfs 430 gal $34,218 $12,405 
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The labor and equipment cost category includes all subcontract labor costs, heavy equipment rental, safety 
equipment rental, gravel, erosion and sediment control measures, riprap, topsoil, and any other miscellaneous 
construction related costs for the installation. The treatment system material cost category includes the cost of 
the stormwater unit, any manholes, diversion structures, and piping that were necessary parts of the treatment 
system.  

All of the units were purchased by TDOT from the local distributor and installed by SAIC and its construction 
subcontractor (Viking Products) with technical guidance and assistance from the distributor and/or 
manufacturer. Detailed documentation of the installation process for each unit was maintained by SAIC. In the 
case of the Eco-Sep system, much of the actual installation of the treatment system was performed by the 
vendor. Only the excavation, site prep, and backfilling were performed by SAIC and Viking. Thus, for this unit 
some of the installation costs are included in the lump sum treatment system material cost, and could not be 
accurately backed out. However, for all other systems all installation work was performed by SAIC and Viking 
with no physical support from the vendors. The level and quality of vendor technical support varied greatly 
among the different units. 

Direct comparison of the installation and material costs must consider that the units were sized according to the 
area drained by the pre-existing stormwater collection system. Table 2 correlates the construction cost relative to 
the treated flow capacity of each unit. 

Table 2   Treatment System Cost per Treated Flow Capacity 

Unit Labor Cost ($)    
Treated Flow (cfs) 

Material Cost ($) 
Treated Flow (cfs) 

Total Cost ($) 
Treated Flow (cfs) 

ADS 2389 1036 3425 

CDS  Not Available 5893 Not Available 

BaySaver (Nashville) 1270 1839 3109 

Eco-Sep  4920 19631 24551 

PBM  1843 2246 4089 

Aqua-Swirl 1009 2498 3507 

Bay Saver (Smith Co.) 4214 1567 5981 

OBSERVATIONS FROM THIS COMPARISON INCLUDE THAT THE LARGER UNITS APPEAR 
TO BE MORE ECONOMICAL TO INSTALL ON A TREATED FLOW BASIS (NOTE THE 
DIFFERENCE BETWEEN THE SMALLER SMITH COUNTY BAYSAVER AND THE LARGER 
NASHVILLE BAYSAVER). HOWEVER, LABOR COSTS WERE INCREASED AT THE SMITH 
COUNTY SITE BECAUSE IT WAS IMMEDIATELY ADJACENT TO THE CANEY FORK RIVER 
AND SIGNIFICANT EFFORT WAS PUT INTO ENSURING THAT SEDIMENT AND EROSION 
CONTROL MEASURES WERE ADEQUATE AND MAINTAINED. MATERIAL COSTS PER 
TREATED FLOW CAPACITY WERE QUITE SIMILAR EXCEPT FOR THE CDS (WHICH WASN’T 
INSTALLED AS PART OF THIS PROJECT) AND THE ECO-SEP WHERE MATERIAL COSTS 
ALSO INCLUDED SIGNIFICANT INSTALLATION LABOR. THE ECO-SEP VALUES ARE ALSO 
EFFECTED BY ITS RELATIVELY LOW TREATED FLOW CAPACITY RELATIVE TO MOST OF 
THE OTHER UNITS. LABOR COSTS FOR THE ADS UNIT WHERE IMPACTED BY THE NEED TO 
REMOVE SIGNIFICANT ROCK DURING INSTALLATION. 
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To help the treatment system selection process for future application, and to support future installation efforts 
for these units, Table 3 summarizes the significant observations during the installation of each unit and provides 
lessons learned for the next installation. 
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Table 3 Summary of Significant Observations During Installation 

Unit Significant Observations During Installation Lessons Learned 

ADS 1) Presence of underground gas line required change 
in unit location from original design. Gas line was 
not shown on any facility drawings and was not 
well marked. 

2) Rock and water inflow encountered during 
excavation significantly increased construction 
time and cost 

3) Limit room for storage of rock and dirt from 
excavation caused continuing logistical problems 
and increased installation time and cost. 
 

4) Large sections of plastic pipe difficult to connect 
with both section flush and secure. 

 

 
 
5) Difficulty in sealing joints between pipe sections.  
 
 
 
 
 
 
 
6)   Received repeated questions on sediment and 

erosion control around site 
 

1) Unit installation design must include thorough site reconnaissance 
performed well before the start of installation activities 
 
 

2) Unit installation design must include review of geologic maps of 
the area to verify depth to groundwater and bedrock. 
 

3) Installation design must include estimate of volume of material to 
be excavated and specific plan for its storage and handling. In this 
case the need for a significant last minute change to the design due 
to utility interference contributed to this lack of planning. 

4) Alignment of plastic pipe is very important. Each section must be 
carefully aligned and then fully bedded with gravel to half its 
diameter to secure alignment before installing next section. If 
sections are not secure, pressure from installing subsequent sections 
can cause minor changes in alignment that impact seal quality. One 
person should be inside pipe to verify alignment. 

5) Water tight seals should be used at all connections regardless of 
manufactures recommendations. At least six inches of clearance 
should be available under each pipe to allow insertion of external 
seal. MarMac bands should be tightened initially and then left 
uncovered and retightened after all sections installed. Internal seals 
should be installed on all major connections. The internal seals 
should be installed as each section is connected and before the pipe 
is covered to beyond half its diameter to prevent distortion of the 
pipe at the joint. 

6) Sediment and erosion control should be used around all disturbed 
soil areas even if not  required by regulations.  
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Table 3 Summary of Significant Observations During Installation (con’t)  

Unit Significant Observations During Installation Lessons Learned 

CDS  CDS unit was not installed as part of this project but 
was inspected and monitored frequently 

1)  Unit was observed not to fill with water during 
significant rainfall event. Water appeared to be 
coming in through the wall and not the entry port. 

 

1)  Unit was installed during construction of nearby building and parking 
lot. The manhole and piping was damaged, probably due heavy 
equipment use over the site during construction. Any units that are 
installed in a traffic area should be surrounded by bollards or other 
traffic restriction device to prevent damage. 

BaySaver 
(Nashville) 

1) Hit rock at bottom of hole about 6 inches above 
design bottom. Repositioned BaySaver manhole 
location so installation could be completed 
without excavating rock. 

2) Ten foot inside diameter manholes were heavy, 
awkward and difficult to position with crane. 
Some accessibility problems with crane 
 

3) Holes in primary manhole were 4 inches higher 
than design. 

 

4) Difficulty in placing BaySaver unit in primary 
manhole. Unit was difficult to support and 
position accurately. 

5) Frequent afternoon thunderstorms filled 
excavation with water, delaying work 

6) Manholes were observed not to hold water after 
installation is complete. Manufacturer came to site 
and sealed internal surface over bottom 12 inches 
of manholes with an epoxy based grout. 

1) Design needs to anticipate minor changes and include contingencies 
for repositioning manholes to conform to actual conditions. 

 

2) Design needs to ensure practical access to excavation for crane and 
crane needs to be of sufficient size and capacity to place manholes. 
A better system to accurately guide and position large manholes 
needs to be found 

3) Must have accurate design drawings from concrete manhole 
manufacturer prior to completion of design. When practical, procure 
manhole with no holes and have concrete cutter come out and drill 
holes after manhole placement. 

4) Recommended to BaySaver that they construct unit with multiple 
attachment points for sling or rope connection. Must backfill up to 
bottom of BaySaver position to provide support prior to grouting. 

5) When storms are likely system to divert water around excavation or 
drain it quickly must be included in the design. 

6) All concrete manhole joints  that will be below the normal water 
level must be sealed with two runs of tar between the sections and 
the external and internal joints grouted prior to completion of 
installation. Internal and external sealing should include all pipe 
penetrations. 
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Table 3 Summary of Significant Observations During Installation (con’t)  

Unit Significant Observations During Installation Lessons Learned 

Eco-Sep  1) Manholes (7 ft. inside diameter) were delivered with wrong 
hole orientation, and were 4 inches shorter than design 

 

2) Precise placement of large concrete manholes was very 
difficult even though a crane of sufficient size and capacity 
was used and installation was performed by experienced 
vendor.  
 
 

3) Catch basin in roadway at head of system was displaced, 
apparently by heavy truck traffic 

1)  Must have accurate design drawings from concrete manhole 
manufacturer prior to completion of design. When practical, 
procure manhole with no holes and have concrete cutter come 
out and drill holes after manhole placement. 

2) Design of layout of multiple large concrete manholes must 
be flexible to reduce need for precise placement. Much 
easier to place manholes at approximate positions and 
adjust connections. Use of HDPE manholes should be 
considered when practical. 

3)  Any units that are installed in a traffic area should either be 
designed and installed to tolerate extreme loads or surrounded 
by bollards or other traffic restriction device to prevent damage. 

PBM  1) Difficulty in locating underground electrical line suspected 
to be in excavation area. Drawings were unreliable and 
utility had difficulty in tracing line. 

2) Attempted to place unit directly from truck into excavation 
because site was immediately adjacent to roadway. Unit 
was placed successfully but clearly at limits of delivery 
truck mounted crane 

1) Facility drawings are unreliable source of utility information. 
Utility clearances should be obtained before design is 
completed. 

2) Truck mounted cranes should not be used for unit placement. 
Design needs to ensure practical access to excavation for crane 
and crane needs to be of sufficient size and capacity to place 
manholes. 

Aqua-Swirl 1) Utility line was almost 6 ft. from position indicated by 
drawings and utility clearance. 

 

2) Large diameter (10 ft. I.D.) HDPE unit was much easier to 
set in place than similar sized concrete unit. 

1) Design should stay has far away as possible from underground 
utilities. When forced to excavated with 10 ft. of underground 
utility locations, digging should proceed slowly with multiple 
spotters watching for signs of utilities. 

2) Use of HDPE should be considered for incorporation into all 
designs of all units. 
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Table 3 Summary of Significant Observations During Installation (con’t) 

Unit Significant Observations During Installation Lessons Learned 

Bay Saver 
(Smith Co.) 

1) Poorly compacted bedding material around original storm 
sewer installation led to unplanned exposure of water line 
and removal of more section of storm sewer pipe than was 
originally planned. 

2) Precise alignment of concrete manholes (5 ft. I.D.) was 
difficult due to layout of site and orientation of existing 
stormsewer. 

3) Pipes from primary manhole to storage manhole were 
dislodged during backfilling 

 

 

4) Storage manhole was observed not to be holding water 
immediately after installation. 

1) Excavations should begin at farthest point from existing storm 
sewer and work towards the potential problems with soil 
conditions evaluated continuously by qualified individual. 
 

2) Methods to handle and adjust large concrete manholes must be 
improved to allow easier alignment. Design flexibility should 
reduce need for precise emplacement. 

3) Are under BaySaver unit and piping to storage manhole must 
be carefully bedded prior to emplacement to provide sufficient 
and complete support along their full lengths to these 
components prior to mechanical backfilling. 
 
 

4) Connections to piping from primary manhole were probably 
damaged during backfilling. All concrete manhole joints and 
pipe penetrations  that will be below the normal water level 
must be sealed at the external and internal connection points by 
grouting prior to completion of installation. 

 

Installing these units was a learning experience for all involved, including most of the vendors. 
Typically these units have been installed only for new construction, and installation as a retrofit to an 
existing stormwater management system is apparently an unusual application for these devises. By far 
the most significant lessons learned from these experiences was to perform a thorough site 
reconnaissance prior to the design (not just immediately prior to construction) to be aware of and  
incorporate geologic and man-made features of the site into the installation design; and to have 
sufficient flexibility in the installation design to allow minor adjustments to unit locations and 
positioning be made as adverse conditions are encountered without having to make major changes in the 
overall layout. 
 

Based on the installation experience, and the operation of the units over  the past year, the perceived advantages 
and disadvantages of each unit are summarized in Table 4. 
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Table 4 Summary of Observed Advantages and Disadvantages of Each Treatment Units 

Unit Original Rationale for 
Selection  

Observed Advantages of 
System 

Observed Disadvantages of  
System 

General Comments 

ADS 1) HDPE construction with low 
horizontal profile to reduce 
excavation depth; 

2) Unique design, no other 
similar systems on market; 

3) Oil and sediment separation 
methods very technically 
sound 

1) HDPE allows easy handling 
of components; 

2) Capital cost of system is 
relatively low 

 

1) Length of system requires a 
lot of room and excavation 

2) Multiple sections produce 
many joints subject to 
leakage 

3) Connecting large diameter 
pipe more difficult than it 
appears and definitely 
requires experienced 
installers 

4) Requires high flow diversion 
structure 

5) Poor vendor support 

1) System should be considered 
where depth of excavation 
needs to be minimized but 
there is sufficient areal 
space.  

2) Connection and seal design 
between pipe sections needs 
improvement.  

3) Installation should only be 
attempted by experienced 
crew. 

CDS  System was installed prior to 
this project, rationale unknown 

1) Technically well developed 
design  

2) Good vendor support 

1) Single manhole design 
raises concerns of 
captured contaminants 
being remobilized during 
peak storm events 

2) Cost of unit appears 
relatively high 

This is a system that 
definitely needs performance 
monitoring to verify that it 
functions to a level that 
justifies its price 

BaySaver  1) Unique design, no similar 
systems on market 

2) High treated flow capacity 

1) Two manhole design 
prevents remobilization of 
captured contaminants 

2) Does not require high flow 
diversion structure 

3) Reasonably priced 
4) Good vendor support 

1) Use of large concrete 
manholes makes installation 
difficult 

2) Relatively large depth and 
width of excavation  

1)  System should be considered 
where high treated flow 
capacity is needed, but space 
and depth of excavation are 
not a problem 

2)  Need to consider developing 
unit design which eliminates 
concrete manholes and goes 
to all HDPE construction 
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Table 4 Summary of Observed Advantages and Disadvantages of Each Treatment Units 

Unit Original Rationale for 
Selection  

Observed Advantages of 
System 

Observed Disadvantages of  
System 

General Comments 

Eco-Sep  1) Unique design, no similar 
systems on market 

2) Oil recovery system design 
technically advanced 

 

1) Oil recovery good 
2) Good vendor support 

1) Small treated flow capacity 
2) Use of large concrete 

manholes makes installation 
difficult 

3) Oil collection system easily 
clogged by vegetation 

4) Cost of unit appears 
relatively high 

1) System should only be 
considered where there is 
high spill potential and/or 
high level oil recovery is 
needed 

2) Installation should only be 
attempted by experienced 
crew. 

PBM  1) Considered representative 
example of common baffle 
box design used by many 
vendors 

1) Easy installation 
2) Excavation depth and width 

requirements relatively small 
3) Does not require high flow 

diversion structure 
4) Reasonably priced 
5) Good vendor support 

1) Single structure design raises 
concerns of captured 
contaminants being 
remobilized during peak 
storm events 

2) Low oil storage capacity 
relative to other units 

3) Complicated baffle and weir 
system may require 
increased maintenance and 
monitoring 

1) This is a system that 
definitely needs performance 
monitoring to verify that its 
contaminant removal and 
retention levels are 
acceptable. 

2) Evaluated other baffle box 
designs and vendors and this 
appears to be the best 

Aqua-Swirl 1) Unique design, no similar 
systems on market 

2) All HDPE construction 
 

1) HDPE allows easy handling 
of components and ease of 
installation 

2) Simple internal design 
should allow easy cleanout 

3) Good vendor support 

1) Single structure design raises 
concerns of captured 
contaminants being 
remobilized during peak 
storm events 

2) Requires high flow diversion 
structure 

 

This is a system that definitely 
needs performance monitoring 
to verify that its contaminant 
removal and retention levels are 
acceptable. 

 

Many design and construction  issues arose that were common to all installations. Table 5 summarizes these 
issues and the lessons learned. 
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Table 5 Summary of Common Design and Construction Related Issues 

Construction Issue Description of Problem or Concern Lessons Learned 

Sediment and Erosion 
Control 

Although  treatment unit installations do not disturb a 
sufficient soil area to trigger stormwater regulations 
regarding soil and erosion control, concerns were expressed 
that the installation jobs did not comply with regulations 

All treatment unit installations will install basic sediment 
and erosion control structures around disturbed areas and 
soil piles. 

ARAP Permitting Treatment unit installations can be performed under an 
ARAP general permit that does not require documentation 
or notification of TDEC, however concerns were expressed 
that the installation jobs did not comply with regulations 

A design package should be developed and distributed 
prior to the start of installation. This package should 
include a discussion of plans for sediment and erosion 
control and include a copy of the ARAP General Permit 
that will be followed for the installation 

Pre-Design Site 
Reconnaissance 

Site conditions were frequently very different then indicated 
by available information. Most facilities were built on fill, 
but conditions would change radically after excavations 
reached depths below the surface fill.  

A site reconnaissance of the proposed treatment unit 
installation location should be conducted prior to selection 
of the type of unit and completion of the design. The 
review should include utility clearances and review of 
geologic maps and any subsurface information that might 
be available to quantify probable conditions. Test 
excavations should be performed where a potential for a 
significant problem is identified or where there is no 
reliable information on subsurface conditions 

Utility Interferences Facility drawings and utility clearances were unreliable in 
identifying the actual location of underground utilities 

Installation design should stay has far away as possible 
from underground utilities. When forced to excavated with 
10 ft. of underground utility locations, digging should 
proceed slowly with multiple spotters watching for signs 
of utilities. 
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Table 5 Summary of Common Design and Construction Related Issues (con’t) 

Construction Issue Description of Problem or Concern Lessons Learned 

Soil and Rock Conditions Unexpected conditions such as shallow bedrock, unstable 
soils, groundwater intrusion, and underground utilities were 
encountered at almost all of the installations 

When difficult site conditions hinder installation, 
consideration should be given to reorienting the unit away 
from the problem or extending the storm sewer pipe to a 
better installation location 

Concrete Manhole 
Dimensions 

Dimensions of concrete manholes frequently differed from 
what was anticipated from the design. 

Manholes drawings with full dimensions need to be 
provided by the manhole vendor prior to completion of the 
design 

Confined Space Entry Entrance into a treatment unit is not a permit required 
confined space entry under OSHA regulations, however 
concerns were expressed that the installation jobs did not 
comply with regulations 

For any installations that may require a confined space 
entry situation, the design package will include a 
discussion of the requirements and the approach that will 
be taken to ensure safe practice. 

General Health and Safety 
Concerns 

There have been no OSHA reportable injuries or lost time 
accidents on any of the installation efforts, however were 
some “close calls” that raised health and safety concerns 

A health and safety plan should be prepared for each 
installation identifying the major hazards and steps to 
prevent problems. The plan should be reviewed with all 
installation personnel. 

Off-loading of Concrete 
Manholes 

At many of the installations the concrete manholes were off-
loaded from the delivery truck using a Trachoe or truck 
mounted crane and the lifting capacity of the equipment 
appeared to close to being exceeded 

The concrete manhole supplier should provide actual 
weights of the components along with the design drawing. 
Knowing this weight during the design phase should allow 
an informed decision as to whether it will be necessary to 
have a crane on-site and if so, the capacity of the crane. 

 

Prior to the selection of the units for installation, many other vendors were contacted for a review of their products. Table 6 identifies all of the other 
units that were evaluated and discusses why they were not selected for use in this set of installations. 
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Table 6 Summary of Other Stormwater Treatment Units not Selected for Installation 

 

Product Description Max. Flow or Area Treated Reason Not Selected for Installation 

Downstream 
Defender 

Single precast concrete cylindrical vessel, with conical 
bottom for sediment collection. Tangential inlet pipe 
produces rotational flow. Floatables are collected in 
central shaft unit. 

13 cfs 1) Technically similar to other units 
2) Single structure design raises concerns 

of captured contaminants being 
remobilized during peak storm events 

3) Concern about access for cleaning 
Stormwater 
Management 
StormFilter 

Precast concrete box with multiple filtration canisters Modular – depends on length 1) Treated flow capacity to low for most 
TDOT applications 

2) Treated flow capacity low relative to 
physical size of unit 

3) Requires separate high flow diversion 
structure 

4) Contaminant removal capabilities 
greatly exceed that needed for most 
TDOT applications 

StormGate 
Separator 

Single precast concrete box with three internal settling 
chambers and baffles 

4.1 5) Treated flow capacity to low for most 
TDOT applications 

6) Requires separate high flow diversion 
structure 

3)  Single structure design raises concerns 
of captured contaminants being 
remobilized during peak inflow 

Suntree 
Technologies 
Baffle Box 

Rectangular precast concrete vault with multiple 
internal baffles and trash screen 

42 cfs 1) Technically similar to other units 
2) Limited oil collection capacity 
3) Significantly more expensive than 

other similar units 
Vortechnics Precast or cast in place concrete box with internal 

cylindrical grit chamber to settle solids and baffles to 
separate oil/floatables 

25 cfs Technically interesting but could not 
justify cost 
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Table 6 Summary of Other Stormwater Treatment Units not Selected for Installation (con’t) 

Product Description Max. Flow or Area Treated Reason Not Selected for Installation 

V2B1 Two separate cylindrical chambers of precast concrete  
with the initial chamber using a vortex action to collect 
floatables and baffled second chamber to separate 
solids. 

25 cfs Contacted vendor with regard to use on 
future product but had difficulty coming 
to a mutually agreeable design 

Stormceptor Single precast concrete or fiberglass cylindrical vessel 
with three internal chambers.  

2.5 cfs 1)  Treated flow capacity low relative to 
physical size of unit 

2)  Single structure design raises concerns 
of captured contaminants being 
remobilized during peak storm events 

3)  Concern about access for cleaning 

Stormvault Rectangular precast concrete vault with multiple 
internal baffles and trash screen 

Modular – depends on length Technically similar to other units 

 

GPRS Separator Single precast concrete manhole with internal swirl 
concentrator 

Not Specified Developmental unit without widespread 
application 

Highland 
Interceptor Tank 

Cylindrical steel tank with internal baffles  11 cfs Technically similar to other units 

 

There are a number of other manufacturers that produce a wide variety of catch basin treatment systems. This class of treatment system was not 
reviewed extensively because of their limited flow capacity and need for frequent maintenance limited their general applicability to TDOT facility 
conditions. Additional types of treatment units are coming on to the market on a regular basis and this survey should be updated several times per year. 
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CONCLUSIONS 

1. One size does not fit all: Vendors will be glad to sell you their unit for any application 
and show you reams of information as to why there system is the best, but every type of 
unit has its advantage and disadvantages and will work well in some places and poorly in 
others. Many organizations (e.g. EPA, ASTM) are trying to establish testing standards to 
introduce some controls and consistency into the evaluation of these devices, but 
currently there is little information that is wholly reliable, except information aquired 
from direct experience by a reliable source. 

 

2. Every site is the same and every site is different: Although most stormsewer systems 
are essentially the same, and most TDOT facilities house fairly similar operations, each 
application will have unique features that will impact the system to be used and the 
installation methodology. A thorough pre-design site evaluation is essential. 
Encountering unexpected site conditions should be factored into all planning. Installation 
personnel must have sufficient training and experience to be able to respond and adapt to 
unexpected conditions. 

 

3. Know what you need and know what you are getting: The stormwater treatment 
industry is very young and there are no universal standards for design specifications and 
nomenclature. Information on system design basis and specifications from vendors must 
be carefully reviewed to verify that they have not slanted the data on such things as 
drainage area, design basis rain event data, or treated flow rate to be more favaorable to 
their units capabilities. Vendors will frequently try to sell you a smaller unit then you 
need to appear more price competitive. Most vendors will offer to perform an installation 
design for their product based on your site specifications, but you must do your own 
independent design to verify their findings.  

 

4. Experience is the Best Teacher: Installation of these stormwater treatments units, 
especially in a retrofit situation, will invariably present some unique and challenging 
problems. Most vendor information is heavy on marketing and light on coldly accurate 
data. Few installations will actually be completed exactly as planned and problems will 
arise (both substantive problems and perceptual problems from outside observers). The 
only way to evaluate and really understand the utility of these units is to actually perform 
or observe an installation and monitor the system’s operation. 
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APPENDIX A 

PHOTOGRAPHS AND DESIGN DRAWINGS OF EACH UNIT 
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Advanced Drainage Systems (ADS) Water Quality Unit 
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Royal Environmental Eco Sep Oil and Water Separator 
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BaySaver Separation System (Nashville) 
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Continuous Deflective Separation (CDS) 
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Crystalstream (PBM) Oil/Grit Separator 
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Aquaswirl Concentrator 
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BaySaver Separation System (Smith Co.) 
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Appendix B: U.S. EPA Fact Sheets 
(Provided in alphabetical order by BMP) 
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Minimum Measure: Post-Construction Stormwater Management in New 
Development and Redevelopment  
 
Subcategory: Innovative BMPs for Site Plans 

 

Alternative 
Pavers  Click here to comment on this fact sheet

 
Description  

Alternative pavers are permeable surfaces 
that can replace asphalt and concrete and 
can be used for driveways, parking lots, 
and walkways. From a stormwater 
perspective, this is important because 
alternative pavers can replace impervious 
surfaces, creating less storm-water runoff. 
The two broad categories of alternative 
pavers are paving blocks and other 
surfaces, including gravel, cobbles, wood, 
mulch, brick, and natural stone. While 
porous pavement is an alternative paver, 
as an engineered stormwater management 
practice it is discussed in detail in the 
Porous Pavement fact sheet.  

Paving Blocks  

Paving blocks are concrete or plastic grids 
with gaps between them. Paving blocks 
make the surface more rigid and gravel or 
grass planted inside the holes allows for 
infiltration. Depending on the use and soil 
types, a gravel layer can be added underneath to prevent settling and allow 
further infiltration.  
   

Other Alternative Surfaces  

Gravel, cobbles, wood, and mulch also allow varying degrees of infiltration. Brick 
and natural stone arranged in a loose configuration allow for some infiltration 
through the gaps. Gravel and cobbles can be used as driveway material, and 
wood and mulch can be used to provide walking trails.  

Applicability  
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Alternative pavers can replace conventional asphalt or concrete in parking lots, 
driveways, and walkways. At the same time, traffic volume and type can limit 
application. For this reason, alternative pavers for parking are recommended only 
for overflow areas. In residential areas, alternative surfaces can be used for 
driveways and walkways, but are not ideal for areas that require handicap 
accessibility.  

Siting and Design Criteria  

Accessibility, climate, soil type, traffic volume, and long-term performance should 
be considered, along with costs and stormwater quality controls, when choosing 
paving materials. Use of alternative pavers in cold climates will require special 
consideration, as snow shovels are not practical for many of these surfaces. Sand 
is particularly troublesome if used with paving blocks, as the sand that ends up 
between the blocks cannot effectively wash away or be removed. In addition, salt 
used to de-ice can also infiltrate directly into the soil and cause potential ground 
water pollution.  

Soil types will affect the infiltration rates and should be considered when using 
alternative pavers. Clayey soils (D soils) will limit the infiltration on a site. If 
ground water pollution is a concern, use of alternative pavers with porous soils 
should be carefully considered.  

The durability and maintenance cost of alternative pavers also limits use to low-
traffic-volume areas. At the same time, alternative pavers can abate stormwater 
management costs. Used in combination with other better-site-design techniques, 
the cumulative effect on stormwater can be dramatic.  

Limitations  

Alternative pavers are not recommended for high-traffic volumes for durability 
reasons. Access for wheelchairs is limited with alternative pavers. In addition, 
snow removal is difficult since plows cannot be used, sand can cause the system 
to clog, and salt can be a potential pollutant.  

Maintenance Considerations  

Alternative pavers require periodic maintenance, and costs increase when the 
permeable surface must be restored.  

Effectiveness  

The most obvious benefit of utilizing alternative pavers includes reduction or 
elimination of other stormwater management techniques. Applied in combination 
with other techniques such as bioretention and green parking, pollutant removal 
and stormwater management can be further improved. (see Bioretention (Rain 
Gardens) and Green Parking fact sheets for more information.)  

Alternative pavers provide better water quality improvement than conventional 
asphalt or concrete, and the range of improvement depends on the type of paver 
used. Table 1 provides a list of pavers and the range of water quality 
improvement achievable by different types of alternative pavers.  

Table 1. Water quality improvement of various pavers (Source: BASMAA, 1997) 
Material Water Quality Effectiveness 

Conventional Asphalt/ Concrete Low 

Brick (in a loose configuration) Medium 

Natural Stone Medium 
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Cost Considerations  

The range of installation and maintenance costs of various pavers is provided in 
Table 2. Depending on the material used, installation costs can be higher or lower 
for alternative pavers than for conventional asphalt or concrete, but maintenance 
costs are almost always higher.  

Table 2. Installation and maintenance costs for various pavers (Source: 
BASMAA, 1997) 

Reference  

Bay Area Stormwater Management Agencies Association (BASMAA). January 
1997. Start at the Source: Residential Site Planning and Design Guidance 
Manual for Stormwater Quality Protection. BASMAA, San Francisco, CA.  

Information Sources  

Brown, W.E., D.S. Caraco, R.A. Claytor, P.M. Hinkle, H.Y. Kwon, and T.R. 
Schueler. 1998. Better Site Design: A Handbook for Changing Development 
Rules in Your Community. Center for Watershed Protection, Inc., Ellicott City, 
MD.  

Schueler, T.R. 1987. Controlling Urban Runoff: A Practical Manual for Planning 
and Designing Urban BMPs. Metropolitan Washington Council of Governments, 
Washington, DC.  

Schueler, T.R. 1983. Urban Runoff in the Washington Metropolitan Area. 
Metropolitan Washington Council of Governments, Washington, DC.  

Smith, D.R. 1981. Life Cycle and Energy Comparison of Grass Pavement and 
Asphalt Based on Data and Experience from the Green Parking Lot. The Heritage 
Conservation and Recreation Service.  

Smith, D.R., and D.A. Sholtis. 1981. An Experimental Installation of Grass 
Pavement. The Heritage Conservation and Recreation Service.  

Gravel High 

Wood Mulch High 

Cobbles Medium 

Material Installation Cost Maintenance Cost 

Conventional Asphalt/Concrete Medium Low 

Brick (in a loose configuration) High Medium 

Natural Stone High Medium 

Gravel Low Medium 

Wood Mulch Low Medium 

Cobbles Low Medium 
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Minimum Measure: Post-Construction Stormwater Management in New 
Development and Redevelopment  
 
Subcategory: Innovative BMPs for Site Plans 

 

Alternative 
Turnarounds  Click here to comment on this fact sheet

 
Description  

Alternative turnarounds are 
end-of-street vehicle 
turnarounds that reduce 
impervious cover in 
neighborhoods by replacing 
cul-de-sacs. Cul-de-sacs are 
local access streets with 
closed circular ends that 
allow for vehicle 
turnarounds. Many cul-de-
sacs have radiuses of more 
than 40-feet. From a 
stormwater perspective, cul-
de-sacs create a huge bulb 
of impervious cover that 
increases the amount of 
stormwater runoff. Reducing 
the size of cul-de-sacs, 
either though the use of 
alternative turnarounds or by eliminating them altogether, can reduce the amount 
of impervious cover created at the site.  

There are numerous alternatives to the traditional 40-foot cul-de-sac, all of which 
reduce impervious cover. One alternative reduces cul-de-sacs to a 30-foot radius. 
Others create hammerheads, loop roads, and pervious islands in the cul-de-sac's 
center.  

Applicability  

Alternative turnarounds can be applied in the design of residential, commercial, 
and mixed-use developments. Combined with alternative pavers, green parking, 
curb elimination, bioretention, and other techniques, the total reduction to site 
impervious cover can be dramatic, reducing the amount of stormwater runoff from 
the site. With proper designs, much of the remaining stormwater can be treated 
on site. For instance, a rain garden can be placed in a pervious island. Doing so 
will reduce impervious cover and treat stormwater from neighboring impervious 
areas.  
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Implementation  

Sufficient turnaround area is a significant factor to consider in the design of cul-
de-sacs. In particular, the types of vehicles entering into the cul-de-sac should be 
considered. Fire trucks, service vehicles, and school buses are often cited as 
examples for increased turning radii. However, research shows that some fire 
trucks are designed for smaller turning radii. In addition, many new larger service 
vehicles are designed using a tri-axle, and school buses usually do not enter 
individual cul-de-sacs.  

Implementation of alternative turnarounds will also have to address local 
regulations and marketing issues. Communities may have specific design criteria 
for cul-de-sacs and other alternative turnarounds. Also, although cul-de-sacs are 
often featured as highly marketable, actual research on market preference is not 
widely available.  

Limitations  

Local regulations often dictate requirements for turnaround dimensions, and local 
codes may not allow some of the alternatives. In addition, marketing perceptions 
may also dictate designs, particularly in residential areas. While changing local 
codes is no small effort, by initiating a local site-planning roundtable, communities 
can change some of these regulations through a cluster ordinance or through a 
collective effort to review local codes to promote better site design.  

Maintenance Considerations  

If islands are constructed as part of a turnaround, they will need to be maintained. 
Kept as a natural area, the costs could be minimal. Bioretention areas will also 
require maintenance. The other options create less asphalt to repave, and 
maintenance will remain the same and cost less.  

Effectiveness  

Comparisons of several types of turnarounds found that hammerheads create the 
least amount of impervious cover, as shown in Table 1.  

Table 1. Impervious cover created by each turnaround option (Schueler, 1995) 

Costs  

Alternative turnarounds reduce impervious cover. Consequently, they also reduce 
construction costs (asphalt alone costs $0.50-$1.00 per square foot). At an 
estimated $6.40 per cubic foot, bioretention costs more than providing naturally 
vegetated areas, but it can help reduce overall stormwater management costs.  

Information Resources  

American Society of Civil Engineers, National Association of Home Builders, and 
Urban Land Institute. 1990. Residential Streets (2nd edition). Urban Land 
Institute, Washington, DC.  

Turnaround Option Impervious Area (square feet) 

40-foot radius 5,024 

40-foot radius with island 4,397 

30-foot radius 2,826 

30-foot radius with island 2,512 

Hammerhead 1,250 
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Brown, W.E., D.S. Caraco, R.A. Claytor, P.M. Hinkle, H.Y. Kwon, and T.R. 
Schueler. 1998. Better Site Design: A Handbook for Changing Development 
Rules in Your Community. Center for Watershed Protection, Inc., Ellicott City, 
MD.  

Bucks County Planning Commission. 1980. Performance Streets: A Concept and 
Model Standards for Residential Streets. Bucks County Planning Commission, 
Doylestown, PA.  

Institute of Transportation Engineers. 1993. Guidelines for Residential 
Subdivision Street Design. Institute of Transportation Engineers, Washington, 
DC.  

Schueler, T. 1995. Site Planning for Urban Stream Protection. Metropolitan 
Washington Council of Governments, Washington, DC.  
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Bioretention 
(Rain 
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Description  

Bioretention areas, or rain 
gardens, are landscaping 
features adapted to provide 
on-site treatment of 
stormwater runoff. They are 
commonly located in parking 
lot islands or within small 
pockets of residential land 
uses. Surface runoff is 
directed into shallow, 
landscaped depressions. 
These depressions are 
designed to incorporate 
many of the pollutant 
removal mechanisms that 
operate in forested 
ecosystems. During storms, 
runoff ponds above the 
mulch and soil in the system. Runoff from larger storms is generally diverted past 
the facility to the storm drain system. The remaining runoff filters through the 
mulch and prepared soil mix. The filtered runoff can be collected in a perforated 
underdrain and returned to the storm drain system.  

Applicability  

Bioretention systems are generally applied to small sites and in a highly 
urbanized setting. Bioretention can be applied in many climatological and 
geologic situations, with some minor design modifications.  

Regional Applicability  

Bioretention systems are applicable almost everywhere in the United States. In 
arid or cold climates, however, some minor design modifications may be needed.  

Ultra-Urban Areas  
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Ultra-urban areas are densely 
developed urban areas in 
which little pervious surface 
exists. Bioretention facilities 
are ideally suited to many 
ultra-urban areas, such as 
parking lots. While they 
consume a fairly large amount 
of space (approximately 5 
percent of the area that drains 
to them), they can be fit into 
existing parking lot islands or 
other landscaped areas.  

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 or convenience store 
parking lot. Bioretention areas can be used to treat stormwater hot spots as long 
as an impermeable liner is used at the bottom of the filter bed.  

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. 
Bioretention can be used as a stormwater retrofit, by modifying existing 
landscaped areas, or if a parking lot is being resurfaced. In highly urbanized 
areas, this is one of the few retrofit options that can be employed. However, it is 
expensive to retrofit an entire watershed or subwatershed using stormwater 
management practices designed to treat small sites.  

Cold Water (Trout) Streams  

Some species in cold water streams, notably trout, are extremely sensitive to 
changes in temperature. In order to protect these resources, designers should 
avoid treatment practices that increase the temperature of the stormwater runoff 
they treat. Bioretention is a good option in cold water streams because water 
ponds in them for only a short time, decreasing the potential for stream warming. 
Furthermore, bioretention cells have been shown to decrease the temperature of 
runoff from certain land uses, such as parking lots.  

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 design 
features to improve the longevity and performance of the practice, while 
minimizing the maintenance burden.  

Siting  

Some considerations for selecting a stormwater management practice are the 
drainage area the practice will need to treat, the slopes both at the location of the 
practice and the drainage area, soil and subsurface conditions, and the depth of 
the seasonably high ground water table. Bioretention can be applied on many 
sites, with its primary restriction being the need to apply the practice on small 
sites.  

Drainage Area  

Bioretention area in a residential subdivision 
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Bioretention areas should usually be used on small sites (i.e., 5 acres or less). 
When used to treat larger areas, they tend to clog. In addition, it is difficult to 
convey flow from a large area to a bioretention area.  

Slope  

Bioretention areas are best applied to relatively shallow slopes (usually about 5 
percent). However, sufficient slope is needed at the site to ensure that water that 
enters the bioretention area can be connected with the storm drain system. These 
stormwater management practices are most often applied to parking lots or 
residential landscaped areas, which generally have shallow slopes.  

Soils/Topography  

Bioretention areas can be applied in almost any soils or topography, since runoff 
percolates through a man-made soil bed and is returned to the stormwater 
system.  

Ground Water  

Bioretention should be separated somewhat from the ground water to ensure that 
the ground water table never intersects with the bed of the bioretention facility. 
This design consideration prevents possible ground water contamination.  

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 bioretention area designs. These design 
features can be divided into five basic categories: pretreatment, treatment, 
conveyance, maintenance reduction, and landscaping.  

Pretreatment  

Pretreatment refers to features of a management practice that cause coarse 
sediment particles and their associated pollutants to settle. Incorporating 
pretreatment helps to reduce the maintenance burden of bioretention and 
reduces the likelihood that the soil bed will clog over time. Several different 
mechanisms can be used to provide pretreatment in bioretention facilities. Often, 
runoff is directed to a grass channel or filter strip to filter out coarse materials 
before the runoff flows into the filter bed of the bioretention area. Other features 
may include a pea gravel diaphragm, which acts to spread flow evenly and drop 
out larger particles.  

Treatment  

Treatment design features help enhance the ability of a stormwater management 
practice to remove pollutants. Several basic features should be incorporated into 
bioretention designs to enhance their pollutant removal. The bioretention system 
should be sized between 5 and 10 percent of the impervious area draining to it. 
The practice should be designed with a soil bed that is a sand/soil matrix, with a 
mulch layer above the soil bed. The bioretention area should be designed to pond 
a small amount of water (6-9 inches) above the filter bed.  

Conveyance  

Conveyance of stormwater runoff into and through a stormwater practice is a 
critical component of any stormwater management plan. Stormwater should be 
conveyed to and from practices safely and to minimize erosion potential. Ideally, 
some stormwater treatment can be achieved during conveyance to and from the 
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practice.  

Bioretention practices often are designed with an underdrain system to collect 
filtered runoff at the bottom of the filter bed and direct it to the storm drain system. 
An underdrain is a perforated pipe system in a gravel bed, installed on the bottom 
of the filter bed. Designers should provide an overflow structure to convey flow 
from storms that are not treated by the bioretention facility to the storm drain.  

Maintenance Reduction  

In addition to regular maintenance activities needed to maintain the function of 
stormwater practices, some design features can be incorporated to reduce the 
required maintenance of a practice. Designers should ensure that the bioretention 
area is easily accessible for maintenance.  

Landscaping  

Landscaping is critical to the function and aesthetic value of bioretention areas. It 
is preferable to plant the area with native vegetation, or plants that provide habitat 
value, where possible. Another important design feature is to select species that 
can withstand the hydrologic regime they will experience. At the bottom of the 
bioretention facility, plants that tolerate both wet and dry conditions are 
preferable. At the edges, which will remain primarily dry, upland species will be 
the most resilient. Finally, it is best to select a combination of trees, shrubs, and 
herbaceous materials.  

Design Variations  

One design alternative to the traditional bioretention practice is the use of a 
"partial exfiltration" system, used to promote ground water recharge. Other design 
modifications may make this practice more effective in arid or cold climates.  

Partial Exfiltration  

In one design variation of the bioretention system, the underdrain is only installed 
on part of the bottom of the bioretention system. This design alternative allows for 
some infiltration, with the underdrain acting as more of an overflow. This system 
can be applied only when the soils and other characteristics are appropriate for 
infiltration (see Infiltration Trench and Infiltration Basin).  

Arid Climates  

In arid climates, bioretention areas should be landscaped with drought-tolerant 
species.  

Cold Climates  

In cold climates, bioretention areas can be used as snow storage areas. If used 
for this purpose, or if used to treat runoff from a parking lot where salt is used as 
a deicer, the bioretention area should be planted with salt-tolerant, nonwoody 
plant species.  

Limitations  

Bioretention areas have a few limitations. Bioretention areas cannot be used to 
treat a large drainage area, limiting their usefulness for some sites. In addition, 
although the practice does not consume a large amount of space, incorporating 
bioretention into a parking lot design may reduce the number of parking spaces 
available if islands were not previously included in the design.  
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Maintenance Considerations  

Bioretention requires landscaping maintenance, including measures to ensure 
that the area is functioning properly, as well as maintenance of the landscaping 
on the practice. In many cases, bioretention areas initially require intense 
maintenance, but less maintenance is needed over time. In many cases, 
maintenance tasks can be completed by a landscaping contractor, who may 
already be hired at the site. Landscaping maintenance requirements can be less 
resource intensive than with traditional landscaping practices such as elevated 
landscaped islands in parking areas.  

Table 1. Typical maintenance activities for bioretention areas (Source: ETA and 
Biohabitats, 1993) 

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.  

Flood Control  

Bioretention areas are not designed to provide flood control. They can, however, 
divert initial flow which will aid in maintaining pre-development hydrology.  

Channel Protection  

Bioretention areas are generally not designed to provide substantial channel 
protection because at the scale at which they are typically installed they are not 
able to infiltrate large volumes. (They are typically designed to treat and infiltrate 
the first inch of runoff and are bypassed by larger flows that can erode channels.) 
Channel protection would be best reached by using bioretention cells in 
combination with other means, such as ponds or other volume control practices.  

Ground Water Recharge  

Bioretention areas do not usually recharge the ground water, except in the case 
of the partial exfiltration design (see Design Variations).  

Pollutant Removal  

Little pollutant removal data have been collected on the pollutant removal 

Activity Schedule 

� Remulch void areas  
� Treat diseased trees and shrubs  
� Mow turf areas 

As needed 

� Water plants daily for 2 weeks  At project 
completion 

� Inspect soil and repair eroded areas  
� Remove litter and debris  

Monthly 

� Remove and replace dead and diseased 
vegetation  

Twice per year 

� Add mulch  
� Replace tree stakes and wires  

Once per year 
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effectiveness of bioretention areas. A field and laboratory analysis of bioretention 
facilities conducted by Davis et al. (1997), showed very high removal rates 
(roughly 95 percent for copper, 98 percent for phosphorus, 20 percent for nitrate, 
and 50 percent for total Kjeldhal nitrogen (TKN). Table 2 shows data from two 
other studies of field bioretention sites in Maryland.  

Table 2. Pollutant removal effectiveness of two bioretention areas in Maryland. 

Assuming that bioretention systems behave similarly to swales, their removal 
rates are relatively high.  

There is considerable variability in the effectiveness of bioretention areas, and it 
is believed that properly designing and maintaining these areas 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 
bioretention areas. A joint project of the American Society of Civil Engineers 
(ASCE) and the 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 might be made. More information on this database is 
accessible on the BMP database .  

Cost Considerations  

Bioretention areas can vary from being relatively inexpensive to expensive. A 
recent study (Brown and Schueler, 1997) estimated the cost of a variety of 
stormwater management practices. The study resulted in the following cost 
equation for bioretention areas, adjusting for inflation:  

C = 7.30 V0.99 

 

where:  

C = Construction, design, and permitting cost ($); and  

V = Volume of water treated by the facility (ft3). 

 

An important consideration when evaluating the costs of bioretention is that this 

Pollutant Pollutant Removal 

Copper  43%-97% 

Lead  70%-95% 

Zinc  64%-95% 

Phosphorus  65%-87% 

Total Kjeldahl Nitrogen (TKN)  52-67% 

Ammonium (NH4
+ ) 92% 

Nitrate (NO3
-)  15%-16% 

Total nitrogen (TN)  49% 

Calcium  27% 
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practice replaces an area that most likely would have been landscaped. 
Furthermore, the use of bioretention areas may reduce the need for other BMPs 
that require large tracts of contiguous land. Thus, the true cost of the practice is 
less than the construction cost reported. Similarly, maintenance activities 
conducted on bioretention areas are not very different from maintenance of a 
landscaped area; however, bioretention areas may actually lower utility costs by 
requiring less watering than similarly landscaped areas. The land consumed by 
bioretention areas is relatively high compared with other practices (about 5 
percent of the drainage area). Again, this area should not be considered lost, 
since the practice may be the same size or only slightly larger than a traditional 
landscaped area. Finally, bioretention areas can improve upon existing 
landscaping and are often an aesthetic benefit.  
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Catch Basin 
Inserts  Click here to comment on this fact sheet

 
Description  

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  

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. 
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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). 

a TSS=total suspended solids; COD=chemical oxygen demand; BOD=biological 
oxygen demand; TN=total nitrogen; TP=total phosphorus  

Cost Considerations  

Study Notes TSSa CODa BODa TNa TPa Metals 

Pitt et al., 
1997 - 32 - - - - 

Aronson et 
al., 1983 

Only very small 
storms were 
monitored in this 
study. 

60-
97 10-56 54-88 - - - 

Mineart and 
Singh, 1994 

Annual load 
reduction estimated 
based on 
concentrations and 
mass of catch basin 
sediment. 

- - - - - 

For 
Copper:  

3-4% 
(Annual 

cleaning)  
15% 

(Monthly 
cleaning) 
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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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Dry Detention 
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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  

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 

Photo of a dry detention pond 
designed to temporarily detain runoff 
during storm events. 
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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.  

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 w ater 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 

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.  

Example profile view of a dry pond design. 

Page 2 of 8EPA - Stormwater Menu of BMPs

5/7/2009http://cfpub.epa.gov/npdes/stormwater/menuofbmps/index.cfm?action=browse&Rbutton=d...

93



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 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 
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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 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 
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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) 

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  

Activity Schedule 

� Note erosion of pond banks or bottom  Semiannual 
inspection 

� 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  

Annual 
inspection 

� Repair undercut or eroded areas  
� Mow side slopes  
� Manage pesticide and nutrients  
� Remove litter and debris 

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 
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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. 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 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  
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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 (Emmerling-Dinovo, 1995).  
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Grassed 
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Description  

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, open-
channel 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 

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 
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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 

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.  
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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.  

Design Variations 

The following discussion identifies three different variations of open channel 
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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 

Grassed swales have some limitations, including the following:  
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� 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) 

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 

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:  

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 

forebay.  
� Inspect and correct erosion problems in the sand/soil 

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.  

Annual 
(semi-annual the 

first year)  

� 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)  
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Table 2. Grassed swale pollutant removal efficiency data  

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 

Total Suspended Solids: 81%
Total Phosphorous: 29%
Nitrate Nitrogen: 38% 
Metals: 14% to 55% 
Bacteria: -50%

Removal Efficiencies (% Removal) 

Study TSS TP TN NO 
3 Metals Bacteria Type 

Goldberg 1993  67.8 4.5 -  31.4 42–62  -100  grassed 
channel  

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  
Occoquan Watershed 
Monitoring Lab, 1983  -100 -

100 
-

100 -  -100  -  drainage 
channel  

Yousef et al., 1985  -  8  13  11  14–29  -  drainage 
channel  

Occoquan Watershed 
Monitoring Lab, 1983  -50  -9.1 -

18.2 -  -100  -  drainage 
channel  

Yousef et al., 1985  -  -
19.5 8  2  41–90  -  drainage 

channel  
Occoquan Watershed 
Monitoring Lab, 1983  31  -23 36.5 -  -100 to 

33  -  drainage 
channel  

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  
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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 
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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Description  

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 
average parking demand instead, a lower maximum number of parking spaces 
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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) 

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 
discharge into a stream or another stormwater facility. Attractively designed bio-
retention 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 below-
ground 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, 

Land Use 
Parking Requirement 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 

Convenience 
store 

3.3 spaces per 
1000 ft2 GFA 2.0-10.0 -- 

Industrial 
1 space per 1000 

ft2 GFA 0.5-2.0 1.48 per 1000 ft2 
GFA 

Medical/ dental 
office 

5.7 spaces per 
1000 ft2 GFA 4.5-10.0 4.11 per 1000 ft2 

GFA 

GFA = Gross floor area of a building without storage or utility spaces. 
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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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Green Roofs  Click here to comment on this fact sheet

 
Description 

Green roofs can be effectively used to 
reduce stormwater runoff from 
commercial, industrial, and residential 
buildings. In contrast to traditional 
asphalt or metal roofing, green roofs 
absorb, store, and later 
evapotranspire initial precipitation, 
thereby acting as a stormwater 
management system and reducing 
overall peak flow discharge to a storm 
sewer system. Furthermore, 
conventional roofing can act as a 
source for numerous toxic pollutants 
including lead, zinc, pyrene, and 
chrysene (Vane Metre and Mahler, 
2003). 

Green roofs have the potential to 
reduce discharge of pollutants such as nitrogen and phosphorous due to soil 
microbial processes and plant uptake. However, initial studies conflict as to the 
removal efficiency of nutrients, particularly nitrogen, by green roofs. If 
implemented on a wide scale, green roofs will reduce the volume of stormwater 
entering local waterways resulting in less in-stream scouring, lower water 
temperatures and better water quality. In urban areas with combined sewer 
systems, stormwater and untreated human and industrial waste are collected in 
the same pipe. During periods of heavy rainfall and snow melt, these systems can 
become overwhelmed by the volume of water and overflow into nearby 
waterbodies resulting in combined sewer overflows (CSOs). Since green roofs 
can reduce the volume of stormwater discharged, CSOs can also be reduced, 
thus preventing the discharge of millions of gallons of sewage into local 
waterways. 

Green roofs offer additional benefits including reduction of urban heat island 
effects, increased thermal insulation and energy efficiency, increased acoustic 
insulation, and increased durability and lifespan compared to conventional roofs. 
Europeans, led by the Germans, have been using green roofs for decades and 
have found them to be a cost effective method to mitigate some environmental 
impacts of development. 

Figure 1. An intensive green roof at the 
Schwab Rehabilitation Hospital, Chicago, 
Illinois (picture courtesy of Green Roofs for 
Healthy Cities and American Hydrotech, 
Inc.). 
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Green roofs are classified as extensive, semi-intensive, or intensive. Generally, 
extensive green roofs have six inches or less of growing medium, whereas 
intensive green roofs have greater than 6 inches of substrate. Semi-intensive 
green roofs can be defined as a hybrid between intensive and extensive green 
roofs, where at least 25 percent of the roof square footage is above or below the 
6 inch threshold. Extensive green roofs provide many of the environmental 
benefits of intensive green roofs, but they are designed to be very low-
maintenance and are not typically designed for public access. Semi-intensive and 
intensive green roofs are designed to be used by the public or building tenants as 
a park or relaxation area. However, they also require greater capital and 
maintenance investments than extensive green roofs. Intensive green roofs are 
particularly attractive for developers, property owners, and municipalities, in areas 
where land prices command a premium, but property owners want to provide 
some of the amenities associated with parks. 

Due to increasing demand for green roofs, there is now commercial industry in 
many parts of the country. The industry organization Green Roofs for Healthy 
Cities  website can provide additional information on green roofs 
and links to numerous companies that provide green roofing products and 
services. 

Applicability 

Green roofs can be applied to new construction or 
retrofitted to existing construction. They are applicable 
on residential, commercial, and industrial buildings and 
are easily constructed on roofs with up to a 20 percent 
slope. Many cities such as Chicago and Washington, 
DC are actively encouraging green roof construction as 
a means to reduce stormwater runoff and combined 
sewer overflows. Other municipalities are encouraging 
green roof development with tax credits, density 
credits, or allowing a small impervious credit to be 
applied to other structural BMP requirements. 

Regional Applicability 

Green roofs are applicable in all parts of the country. In climates with extreme 
temperatures, green roofs provide additional building insulation, which makes 
them more financially justifiable for many facility operators. 

Ultra-Urban Areas 

Ultra-urban areas are densely developed urban areas in which little pervious 
surface exists. Green roofs are ideal for ultra-urban areas because they provide 
stormwater benefits and other valuable ecological services without consuming 
additional land. In a 2005 modeling study of Washington DC, Casey Trees and 
Limno-Tech found that green roofs on 20 percent of buildings over 10,000 square 
feet could add an additional 23 million gallons of storage and reduce outflow to 
the storm sewer or combined sewer systems by an average of just under 300 
million gallons per year. According to the authors, this would reduce the annual 
number of CSO events in DC by 15 percent. 

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. Green 
roofs are a useful tool for retrofitting existing impervious area associated with 
building footprints. The construction of most existing flat-roofed buildings is such 
that they can accommodate the weight of an extensive green roof without 

Figure 2. An extensive 
green roof at the 
Deerborn Michigan, Ford 
Assembly Plant (picture 
courtesy of Green Roofs 
for Healthy Cities and 
William McDonough + 
Partners, ARCADIS). 
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structural modifications. Although retrofitting existing structures with green roofs 
can be more complex and expensive than on new facilities, technological 
advances are bringing that cost down. 

Siting and Design Considerations 

Siting Considerations 

Green roofs can be installed during initial construction or placed on buildings as 
part of a retrofit. The amount of stormwater that a green roof mitigates is directly 
proportional to the area it covers, the depth and type of the growing medium, 
slope, and the type of plants selected. The larger the green roof area, the more 
stormwater mitigated. Green roofs are appropriate for industrial and commercial 
facilities and large residential buildings such as condominiums or apartment 
complexes. Green roofs can also prove useful for small residential buildings 
under some circumstances. For instance, green roofs are commonly used on 
single family residential structures in Germany and other European countries. 
Single family residential structures, like all buildings with green roofs, must be 
able to support the loading from a saturated roof. Furthermore, the green roofs 
should be easily accessible and residents should understand the maintenance 
requirements necessary to keep the roof functional. 

Design Considerations 

A building must be able to support the loading of green roof materials under fully 
saturated conditions. These materials include a waterproofing layer, a soil or 
substrate layer, and a plant layer. Plants selected need to be suited for local 
climatic conditions and can range from sedums, grasses, and wildflowers on 
extensive roofs to shrubs and small trees on intensive roofs. 

Design Variations 

Green roofs can be designed to be either intensive, semi-intensive, or extensive 
green roofs. The type of design chosen will depend upon loading capacity, 
budget, design goals, and stormwater retention desired. There will also be 
variations in the type of green roof selected depending upon climate, types of 
plants chosen, soil layer depth desired and feasibility and other design 
considerations. Green roofs can be constructed layer by layer, or can be 
purchased as a system. Some vendors offer modular trays containing the green 
roof components. 

Limitations 

In most climates, green roofs will need to have drought tolerant plant species or 
an irrigation system to sustain vegetation. The slope of green roofs can range 
from 0 to 40 degrees. In new construction, buildings should be designed to 
manage a potentially increased load associated with the green roof. When 
designing green roofs for existing structures, engineers must take the load 
restrictions of the building into account. 

Maintenance Considerations 

Immediately after construction, green roofs need to be monitored regularly to 
ensure the vegetation thrives. During the first season, green roofs may need to be 
watered periodically if there is not sufficient precipitation. After the first season, 
extensive green roofs may only need to be inspected and lightly fertilized 
approximately once per year. The roofs may need occasional weeding and may 
require some watering during exceptionally dry periods. If leaks should occur in 
the roof, they are relatively easy to detect and fix. Intensive green roofs need to 
be maintained as any other landscaped area. This can involve gardening and 
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irrigation, in addition to other roof maintenance. Green roofs are less prone to 
leaking than conventional roofs. In most cases, detecting and fixing a leak under 
a green roof is no more difficult than doing the same for a conventional roof. 

Effectiveness 

Green roofs have been shown to be effective at removing some pollutants and 
reducing peak flows associated with storm events. As a general rule, developers 
can assume that extensive green roofs will absorb 50 percent of rainfall (Stephen 
Peck, 9/1/2005, personal communication). In a modeling study, Casey Trees and 
Limno-Tech (2005) assumed that extensive green roofs absorbed two inches of 
rainfall and intensive green roofs stored 4 inches of rainfall. Due to 
evapotranspiration and plant uptake, this storage is assumed to recharge once 
every 4 days. A study by Moran (2005) found that monthly stormwater retention 
rates varied between 40 percent and 100 percent on two green roofs in the 
Neuse River watershed, North Carolina. The study showed a decrease in peak 
flow runoff and total stormwater runoff, and a gradual and delayed release of the 
stormwater that was ultimately discharged. The reduction of peak flow discharge 
potentially mitigates stream channel scouring, resulting in improved aquatic 
habitat and lessening the risk of downstream property damage and flooding. 

Penn State Green Roof Research Center has also noted a decrease in both total 
stormwater runoff and peak flow discharge. The graphs below show both the 
decrease in total discharge and peak flow run-off from roof area associated with 
three green roofs. In this 1+ inch storm event, the green roofs captured 
approximately 25 percent of total runoff compared to the conventional roofs. Over 
the period from May 23, 2003 to June 1, 2003, 2.21 inches of rain fell, of which 
the green roof detained 1.05 inches (~47 percent). The center noted that the 
spring of 2003 was wet and cool.  
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Cost Considerations 

Extensive green roofs range in price from approximately 5 dollars per square foot 
to 20 dollars per square foot. However, there are significant cost savings 
associated with reducing energy consumption and longer roof lifespan. For 
instance, the green roof on the Gap building in San Bruno, California more than 
covered the additional cost associated with construction, through energy savings, 
within a few years. Annualized costs should be lowered considerably by the roof's 
increased lifespan. Furthermore, some municipalities offer incentives to help 
defray the higher up-front costs of green roof construction. 

Intensive green roofs can be considerably more expensive than extensive green 
roofs. Estimates range from 20 dollars to 80 dollars per square foot. Other 
benefits should be taken into account, however, such as recreational space 
provided and costs relative to the price of land in an area. 
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Infiltration 
Basin  Click here to comment on this fact sheet

 
Description 

An infiltration basin is a 
shallow impoundment which 
is designed to infiltrate 
stormwater into the soil. This 
practice is believed to have 
a high pollutant removal 
efficiency and can also help 
recharge the ground water, 
thus increasing baseflow to 
stream systems. Infiltration 
basins can be challenging to 
apply on many sites, 
however, because of soils 
requirements. In addition, 
some studies have shown 
relatively high failure rates 
compared with other 
management practices.  

Applicability  

Infiltration basins have select applications. Their use is often sharply restricted by 
concerns over ground water contamination, soils, and clogging at the site.  

Regional Applicability  

Infiltration basins 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. In these areas, few stormwater practices can be easily applied due 
to space limitations. Infiltration basins can rarely be applied in the ultra-urban 
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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. In addition, while they consume only the space of the infiltration 
basin site itself, they need a continuous, relatively flat area. Thus, it is more 
difficult to fit them into small unusable areas on a site.  

Stormwater Hot Spots  

A stormwater hot spot is an area where land use or activities generate highly 
contaminated runoff, with concentrations of pollutants in excess of those typically 
found in stormwater. Infiltration basins should never receive runoff from 
stormwater hot spots, unless the stormwater has already been treated by another 
practice. This caution is due to potential ground water contamination.  

Stormwater Retrofit  

A stormwater retrofit is a stormwater practice (usually structural) put into place 
after development has occurred, to improve water quality, protect downstream 
channels, reduce flooding, or meet other specific objectives. Infiltration basins 
have limited applications as a stormwater retrofit. Their use is restricted by three 
factors. First, infiltration basins should be used to treat small sites (less than 5 
acres). Practices that are applied to small sites, such as infiltration basins, are 
generally a high-cost retrofit option in terms of construction cost and the 
maintenance burden associated with the large number of practices needed to 
retrofit a watershed. Second, it is often difficult to find areas where soils are 
appropriate for infiltration in an already urban or suburban environment. Finally, 
infiltration basins are best applied to small sites, yet need a flat, relatively 
continuous area. It is often difficult to find sites with this type of area available.  

Cold Water (Trout) Streams  

Infiltration basins are an excellent option for cold water streams because they 
encourage infiltration of stormwater and maintain dry weather flow. Because 
stormwater travels underground to the stream, it has little opportunity to increase 
in temperature.  

Siting and Design Considerations  

When designing infiltration basins, designers need to carefully consider both the 
restrictions on the site and design features to improve the long-term performance 
of the practice.  

Siting Considerations  

Infiltration practices need to be located extremely carefully. In particular, 
designers need to ensure that the soils on the site are appropriate for infiltration, 
and that designs minimize the potential for ground water contamination and long-
term maintenance problems.  

Drainage Area  

Infiltration basins have historically been used as regional facilities, serving for 
both quantity and quality control. In some regions of the country, this practice is 
feasible, particularly if the soils are particularly sandy. In most areas, however, 
infiltration basins experience high rates of failure when used in this manner. In 
general, the practice is best applied to relatively small drainage areas (i.e., less 
than 10 acres).  
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Slope  

The bottom of infiltration basins needs to be completely flat to allow infiltration 
throughout the entire basin bottom.  

Soils/Topography  

Soils and topography are strongly limiting factors when locating infiltration 
practices. Soils must be significantly permeable to ensure that the practice can 
infiltrate quickly enough to reduce the potential for clogging, and 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). Finally, infiltration 
basins 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 distance (2 to 5 feet) 
from the bottom of the infiltration basin and the seasonally high ground water 
table, to reduce the risk of contamination. Infiltration practices should also 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 basin 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 management practices, but it is 
particularly important for infiltration practices. In order to ensure that pretreatment 
mechanisms are effective, designers should incorporate "multiple pretreatment," 
using practices such as grassed swales, sediment basins, and vegetated filter 
strips in series.  

Treatment  

Treatment design features enhance the pollutant removal of a practice. For 
infiltration practices, designers need to stabilize upland soils to ensure that the 
basin does not become clogged with sediment. In addition, the facility needs to be 
sized so that the volume of water to be treated infiltrates through the bottom in a 
given amount of time. Because infiltration basins are designed in this manner, 
infiltration basins designed on less permeable soils should be significantly larger 
than those designed on more permeable soils.  

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. In general, infiltration basins should be designed to treat only 
small storms (i.e., only for water quality). Thus, these practices should be 
designed "off-line," using a flow separator to divert only small flows to the 
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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. In infiltration basins, designers need to 
provide access to the basin for regular maintenance activities. Where possible, a 
means to drain the basin, such as an underdrain, should be provided in case the 
bottom becomes clogged. This feature allows the basin to be drained and 
accessed for maintenance in the event that the water has ponded in the basin 
bottom or the soil is saturated.  

Landscaping  

Landscaping can enhance the aesthetic value of stormwater practices or improve 
their function. In infiltration basins, the most important purpose of vegetation is to 
reduce the tendency of the practice to clog. Upland drainage needs to be properly 
stabilized with a thick layer of vegetation, particularly immediately following 
construction. In addition, providing a thick turf at the basin bottom helps 
encourage infiltration and prevent the formation of rills in the basin bottom.  

Design Variations  

Some modifications may be needed to ensure the performance of infiltration 
basins in arid and cold climates.  

Arid or Semi-Arid Climates  

In arid regions, infiltration practices are often highly recommended because of the 
need to recharge the ground water. In arid regions, designers need to emphasize 
pretreatment even more strongly to ensure that the practice does not clog, 
because of the high sediment concentrations associated with stormwater runoff in 
areas such as the Southwest. In addition, the basin bottom may be planted with 
drought-tolerant species and/or covered with an alternative material such as sand 
or gravel.  

Cold Climates  

In extremely cold climates (i.e., regions that experience permafrost), infiltration 
basins may be an infeasible option. In most cold climates, infiltration basins can 
be a feasible practice, but there are some challenges to its use. First, the practice 
may become inoperable during some portions of the year when the surface of the 
basin becomes frozen. Other design features also may be incorporated to deal 
with the challenges of cold climates. One such challenge is the volume of runoff 
associated with the spring snowmelt event. The capacity of the infiltration basin 
might be increased to account for snowmelt volume.  

Another option is the use of a seasonably operated facility (Oberts, 1994). A 
seasonally operated infiltration/detention basin combines several techniques to 
improve the performance of infiltration practices in cold climates. Two features, 
the underdrain system and level control valves, are useful in cold climates. These 
features are used as follows: At the beginning of the winter season, the level 
control valve is opened and the soil is drained. As the snow begins to melt in the 
spring, the underdrain and the level control valves are closed. The snowmelt is 
infiltrated until the capacity of the soil is reached. Then, the facility acts as a 
detention facility, providing storage for particles to settle.  

Other design features can help to minimize problems associated with winter 
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conditions, particularly concerns that chlorides from road salting may contaminate 
ground water. The basin may be disconnected during the winter to ensure that 
chlorides do not enter the ground water in areas where this is a problem, or if the 
basin is used to treat roadside runoff. Designers may also want to reconsider 
application of infiltration practices on parking lots or roads where deicing is used, 
unless it is confirmed that the practice will not cause elevated chloride levels in 
the ground water. If the basin is used for snow storage, or to treat roadside or 
parking lot runoff, the basin bottom should be planted with salt-tolerant 
vegetation.  

Limitations  

Although infiltration basins can be useful practices, they have several limitations. 
Infiltration basins are not generally aesthetic practices, particularly if they clog. If 
infiltration basins are designed and maintained so that standing water is left for no 
more than 3 days, mosquitoes should not be a problem. However, if an infiltration 
basin becomes clogged and takes 4 or more days to drain, the basin could 
become a source for mosquitoes. In addition, these practices are challenging to 
apply because of concerns over ground water contamination and sufficient soil 
infiltration. Finally, maintenance of infiltration practices can be burdensome, and 
they have a relatively high rate of failure.  

Maintenance Considerations  

Regular maintenance is critical to the successful operation of infiltration basins 
(see Table 1). Historically, infiltration basins have had a poor track record. In one 
study conducted in Prince George's County, Maryland (Galli, 1992), all of the 
infiltration basins investigated clogged within 2 years. This trend may not be the 
same in soils with high infiltration rates. A study of 23 infiltration basins in the 
Pacific Northwest showed better long-term performance in an area with highly 
permeable soils (Hilding, 1996). In this study, few of the infiltration basins had 
failed after 10 years.  

Table 1. Typical maintenance activities for infiltration basins (Source: Modified 
from WMI, 1997) 

Effectiveness  

Structural 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 basins can provide ground water 
recharge and pollutant removal.  

Activity Schedule 

� Inspect facility for signs of wetness or damage to 
structures  

� Note eroded areas.  
� If dead or dying grass on the bottom is observed, check 

to ensure that water percolates 2-3 days following 
storms.  

� Note signs of petroleum hydrocarbon contamination 
and handle properly.  

Semi-annual 
inspection 

� Mow and remove litter and debris.  
� Stabilize of eroded banks.  
� Repair undercut and eroded areas at inflow and outflow 

structures.  

Standard 
maintenance 
(as needed) 

� Disc or otherwise aerate bottom.  
� Dethatch basin bottom.  

Annual 
maintenance 

� Scrape bottom and remove sediment. Restore original 
cross-section and infiltration rate.  

� Seed or sod to restore ground cover.  

5-year 
maintenance 
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Ground Water Recharge  

Infiltration basins 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 basins. 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 basins based 
on data from land disposal of wastewater. The average pollutant removal, 
assuming the infiltration basin is sized to treat the runoff from a 1-inch storm, is:  

TSS 75%  

Phosphorous 60-70%  

Nitrogen 55-60%  

Metals 85-90%  

Bacteria 90%  

These removal efficiencies assume that the infiltration basin 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 also provide 
additional information.  

Cost Considerations  

Infiltration basins are relatively cost-effective practices because little infrastructure 
is needed when constructing them. One study estimated the total construction 
cost at about $2 per ft3 (adjusted for inflation) of storage for a 0.25-acre basin 
(SWRPC, 1991). Infiltration basins typically consume about 2 to 3 percent of the 
site draining to them, which is relatively small. Maintenance costs are estimated 
at 5 to 10 percent of construction costs.  

One cost concern associated with infiltration practices is the maintenance burden 
and longevity. If improperly maintained, infiltration basins have a high failure rate 
(see Maintenance Considerations). Thus, it may be necessary to replace the 
basin after a relatively short period of time.  
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Minimum Measure: Post-Construction Stormwater Management in New 
Development and Redevelopment  
 
Subcategory: Infiltration 

 

Infiltration 
Trench  Click here to comment on this fact sheet

 
Description  

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  

Infiltration trenches should be placed on flat ground, but the slopes of the site 
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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 
sides of an infiltration trench should be lined with a geotextile fabric to prevent 
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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 
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from WMI, 1997) 

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%  

Bacteria 90% 

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 
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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 

 

Manufactured 
Products for 
Stormwater 
Inlets  Click here to comment on this fact sheet

 
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 stand-alone 
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 
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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 
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 off-line 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 

Study Greb et al., 1998 Labatiuk et al., 
1997 
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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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Notes 

Investigated 45 precipitation events over a 9-
month period. Percent removal rates reflect 
overall efficiency, accounting for pollutants in 
bypassed flows. 

Data represent 
the mean percent 
removal rate for 
four storm 
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+NO3
a 5 - 
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Minimum Measure: Post-Construction Stormwater Management in New 
Development and Redevelopment  
 
Subcategory: Infiltration 

 

Porous 
Pavement  Click here to comment on this fact sheet

 
Description  

Porous pavement is a 
permeable pavement 
surface, often built with an 
underlying stone reservoir 
that temporarily stores 
surface runoff before it 
infiltrates into the subsoil. 
Porous pavement replaces 
traditional pavement, 
allowing parking lot 
stormwater to infiltrate 
directly and receive water 
quality treatment. There are 
various types of porous 
surfaces, including porous 
asphalt, pervious concrete, 
and even grass or 
permeable pavers. From the 
surface, porous asphalt and pervious concrete appear to be the same as 
traditional pavement. However, unlike traditional pavement, porous pavement 
contains little or no "fine" materials. Instead, it contains voids that encourage 
infiltration. Porous asphalt pavement consists of an open-graded coarse 
aggregate, bonded together by asphalt cement, with sufficient interconnected 
voids to make it highly permeable to water. Pervious concrete typically consists of 
specially formulated mixtures of Portland cement, uniform, open-graded coarse 
aggregate, and water. Pervious concrete has enough void space to allow rapid 
percolation of liquids through the pavement. Grass or permeable pavers are 
interlocking concrete blocks or synthetic fibrous grids with open areas that allow 
grass to grow within the voids. Some grid systems fill the voids with sand or 
gravel to allow infiltration (see Alternative Pavers fact sheet). Other alternative 
paving surfaces can help reduce runoff from paved areas, but do not incorporate 
a stone trench for temporary storage below the pavement (see Green Parking 
fact sheet). While porous pavement can be a highly effective treatment practice, 
maintenance and proper installation are necessary to ensure its long-term 
effectiveness.  

Like all BMPs, porous pavement should be combined with other practices to 
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capitalize on each technology's benefits and to allow protection in case of BMP 
failure. However, construction using pervious materials may not require as much 
treatment as other BMP approaches. For instance, a small facility using porous 
pavement may only need several bioretention basins or a grass swale, rather 
than a full dry detention basin. This combined approach might prove less land 
intensive and more cost effective. It may increase the amount of open space for 
public or tenant use. It may also lead to an increase in environmental benefits.  

Application  

Medium traffic areas are the ideal application for porous pavement. It may also 
have some application on highways, where it is currently used to reduce 
hydroplaning. In some areas, such as truck loading docks and areas of high 
commercial traffic, porous pavement may be inappropriate.  

Regional Applicability  

Porous pavement is suitable for most regions of the country, but cold climates 
present special challenges. Road salt contains chlorides that may migrate 
through the porous pavement into ground water. Plowing may present a 
challenge to block pavers, because snow plow blades can catch the block's edge 
and damage its surface. Infiltrating runoff may freeze below the pavement 
causing frost heave, though design modifications can reduce this risk. These 
potential problems do not mean that porous pavement cannot be used in cold 
climates. Porous pavement designed to reduce frost heave has been used 
successfully in Norway (Stenmark, 1995). Furthermore, experience suggests that 
rapid drainage below porous surfaces increases the rate of snow melt above 
(Cahill Associates, 1993).  

Stormwater Hot Spots  

Stormwater hot spots are areas where land use or activities generate highly 
contaminated runoff. Hot spot runoff frequently contains pollutant concentrations 
exceeding those typically found in stormwater. Hot spots include commercial 
nurseries, auto recycle facilities, fueling stations, storage areas, industrial 
rooftops, marinas, outdoor container storage of liquids, outdoor loading and 
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 and steam cleaning facilities. Since porous 
pavement is an infiltration practice, it should not be applied at stormwater hot 
spots due to the potential for ground water contamination.  

Stormwater Retrofit  

A stormwater retrofit is a stormwater management practice (usually structural) 
installed post development to improve water quality, protect downstream 
channels, reduce flooding, or to meet other specific objectives. The best retrofit 
application for porous pavement is parking lot replacement on individual sites. If 
many impervious lots are replaced with pervious concrete, pavers, or porous 
asphalt, then overall stormwater peak flows can be reduced.  

Cold Water (Trout) Streams  

Porous pavement can help lower high water temperatures commonly associated 
with impervious surfaces. Stormwater pools on the surface of conventional 
pavement, where it is heated by the sun and the hot pavement surface. By rapidly 
infiltrating rainfall, porous pavement reduces stormwater's exposure to sun and 
heat.  

Siting and Design Considerations  
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Siting Considerations  

Porous pavement has the same siting considerations as other infiltration practices 
(see Infiltration Trench fact sheet). The site needs to meet the following criteria:  

� Soils need to have a permeability of at least 0.5 inches per hour. An 
acceptable alternative design for soils with low porosity would be the 
installation of a discharge pipe from a storage area to the traditional storm 
sewer system (with approval from the municipality). The modified design 
allows the treatment of stormwater from small to medium stormwater events 
while allowing a bypass for large events, which will help prevent flooding.  

� The bottom of the stone reservoir should be flat, so that runoff can infiltrate 
through the entire surface.  

� If porous pavement is used near an industrial site or similar area, the 
pavement should be sited at least 2 to 5 feet above the seasonally high ground 
water table and at least 100 feet away from drinking water wells.  

� Porous pavement should be sited on low to medium traffic areas, such as 
residential roads and parking lots.  

Design Considerations  

Some basic features should be incorporated into all porous pavement practices. 
These design features can be divided into five basic categories: pretreatment, 
treatment, conveyance, maintenance reduction, and landscaping.  

1. Pretreatment. In porous pavement designs, the pavement itself acts as 
pretreatment to the stone reservoir below. Because of this, frequent 
maintenance of the surface, such as sweeping, is critical to prevent 
clogging. A layer of fine gravel can be laid atop the coarse gravel treatment 
reservoir as an additional pretreatment item. Both of these pretreatment 
measures are marginal. 
 

2. Treatment. If used, the stone reservoir below the pavement surface should 
be composed of layers of small stone laid directly below the pavement 
surface. 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 a water quality storm 
(i.e., the storm that will be treated for pollutant removal), which can range 
from 0.5 to 1.5 inches. As in infiltration trenches, water can be stored in the 
voids of the stone reservoir. With certain designs in warm weather 
climates, the pavement can also store stormwater if it is properly 
maintained.  
 

3. Conveyance. Water conveyed to the stone reservoir though the pavement 
surface infiltrates into the ground below. A geosynthetic liner and a sand 
layer may be placed below the stone reservoir to prevent preferential flow 
paths and to maintain a flat bottom. Designs also need a means to convey 
larger amounts of stormwater to the storm drain system. Storm drain inlets 
set slightly above the pavement surface is one option. This allows for some 
ponding above the surface, but bypasses flows too large to be treated by 
the system or when the surface clogs.  
 

4. Maintenance Reduction. One nonstructural component that can help 
ensure proper maintenance of porous pavement is a carefully worded 
maintenance agreement providing specific guidance, 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. 
 
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 pavement surface. Although this feature does not in 
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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. 
 

5. Landscaping. For porous pavement, the most important landscaping 
feature is a fully stabilized upland drainage. Reducing sediment loads 
entering the pavement can help to prevent clogging. 

Design Variations  

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). However, treating stormwater from 
other areas with porous pavement can cause failures, as it is more likely to carry 
clogging sediments. If used to treat off-site runoff, porous pavement should 
incorporate pretreatment, as with all structural management practices. Off site 
runoff should never come from areas that carry high sediment loadings.  

Regional Adaptations  

In cold climates, the base of the stone reservoir should be below the frost line or 
other accommodations should be designed to facilitate the drainage of 
stormwater away from the aggregate recharge bed. Such modification will help 
reduce the risk of frost heave.  

Limitations  

In addition to the siting requirements of porous pavement, a major limitation to the 
practice is the poor success 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). Dated studies indicate that when porous pavement was 
implemented in communities, the failure rate was as high as 75 percent over 2 
years (Galli, 1992). Newer studies, particularly with permeable pavers and 
pervious concete, indicate that success rates can be substantially higher when 
the paving medium is properly installed (Brattebo and Booth, 2003).  

Maintenance Considerations  

Owners should be aware of a site's porous pavement because failure to perform 
maintenance is a primary reason for failure of this practice. Furthermore, using 
knowledgeable contractors skilled in techniques required for installation of 
pervious concrete, permeable pavers, or porous asphalt will increase 
performance and longetivy of the system. Typical requirements are shown in 
Table 1.  

Table 1. Typical maintenance activities for porous pavement (Source: WMI, 1997) 
Activity Schedule 

� Do not seal or repave with non-porous materials.  N/A 

� Ensure that paving area is clean of debris.  
� Ensure that paving dewaters between storms.  
� Ensure that the area is clean of sediments.  

Monthly 

� Mow upland and adjacent areas, and seed bare 
areas.  

� Vacuum sweep frequently to keep the surface free of 
sediment.  

As needed 
(typically three to 

four times per 
year). 

� Inspect the surface for deterioration.  Annual 
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Effectiveness  

Porous pavement can be used to provide ground water recharge and to reduce 
pollutants in stormwater runoff. Some data suggest that as much as 70 to 80 
percent of annual rainfall will go toward ground water recharge (Gburek and 
Urban, 1980). These data will vary depending on design characteristics and 
underlying soils. Two studies have been conducted on the long-term pollutant 
removal of porous pavement, both in the Washington, DC area. They suggest 
high pollutant removal, although it is difficult to extrapolate these results to all 
applications of the practice. The results of the studies are presented in Table 2.  

Table 2. Effectiveness of porous pavement pollutant removal (Schueler, 1987) 

A third study by Brattebo and Booth (2003) indicates that many trademarked 
permeable paver systems effectively reduced concentrations of motor oil, copper, 
and zinc. Furthermore, the study found that almost all precipitation that fell on the 
permeable pavers infiltrated even after 6 years of daily use as a parking area.  

Cost Considerations  

Porous pavement is more expensive than traditional asphalt. While traditional 
asphalt and concrete costs between $0.50 to $3.00 per ft2, porous pavement can 
range from $2 to $8 per ft2, depending on the design. However, porous 
pavement, when used in combination with other techniques such as bioretention 
cells, vegetated swales, or vegetated filter strips, may eliminate or reduce the 
need for land intensive BMPs, such as dry extended detention or wet retention 
ponds. In areas where land prices are high, the savings associated with 
decreased land consumption should be considered. The cost of vacuum 
sweeping may be substantial if a community does not already perform vacuum 
sweeping operations. Finally, if not designed and maintained properly, porous 
pavment's effective lifespan may be short because of the potentially high risks of 
clogging.  
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Pollutant Removal (%) 

Study TSS TP TN COD Metals 

Prince William, VA 82 65 80 - - 

Rockville, MD 95 65 85 82 98-99 
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Minimum Measure: Post-Construction Stormwater Management in New 
Development and Redevelopment  
 
Subcategory: Filtration 

 

Sand and 
Organic 
Filters  Click here to comment on this fact sheet

 
Description 

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).  

Applicability 

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). 

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 
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widely used in arid climates, however, it is probably also necessary to increase 
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 
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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.  

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 Camp-
Hazen 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 
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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 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 
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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 
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: 

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 cost-effective 
practice in ultra-urban areas where land is at a premium. 

Table 4: Construction costs for various sand filters (Source: Schueler, 1994)  

References  
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Washington , DC (underground) $14,000  

Denver , CO  $30,000–$50,000  
Multi-Chamber Treatment Train $40,000–$80,000  
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Stormwater 
Wetland  Click here to comment on this fact sheet

  
Description  

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  

Constructed wetlands are widely applicable stormwater management practices. 
While they have limited applicability in highly urbanized settings and in arid 
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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 design 
features to improve the longevity and performance of the practice, while 
minimizing the maintenance burden.  
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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 alone to 
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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 
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pollutant uptake by the plants. This practice is fundamentally different from other 
wetland designs because, while most wetland designs behave like wet ponds 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.  
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� Designers need to ensure that wetlands do not negatively impact natural 
wetlands or forest during the design phase. 

Maintenance Considerations  

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) 

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  

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  

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.  

Semi-annual 
inspection  

� 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.  

Annual inspection 

� Repair undercut or eroded areas.  As needed 
maintenance  

� Clean and remove debris from inlet and outlet 
structures.  

� Mow side slopes.  

Frequent (3-4 
times/year) 

maintenance  

� 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.  

Annual 
maintenance 
(if needed)  

� Remove sediment from the forebay.  5- to 7-year 
maintenance  

� Monitor sediment accumulations, and remove 
sediment when the pool volume has become reduced 
significantly, plants are "choked" with sediment, or the 
wetland becomes eutrophic.  

20- to 50-year 
maintenance  
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When used for channel protection, wetlands have traditionally controlled the 2-
year 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) 

1Data 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 
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:  

Pollutant 
Stormwater Treatment Practice Design Variation 

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 
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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.  
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Description  

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 
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grass cover crop are also a limiting factor.  

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 salt-
tolerant, (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 
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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.  

Table 1. Typical maintenance activities for vegetated filter strips (Source: CWP, 
1996) 

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) 

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 

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 (semi-
annual the first year) 

� Remove sediment build-up within the bottom 
when it has accumulated to 25% of the original 
capacity.  

Regular (infrequent) 

Pollutant Removal (%) 

75-Ft Filter Strip 150-Ft Filter Strip 

Total suspended solids 54 84 

Nitrate+nitrite -27 20 

Total phosphorus -25 40 

Extractable lead -16 50 

Extractable zinc 47 55 
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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 cost-prohibitive 
when land prices are high and land could be used for other purposes.  
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Minimum Measure: Post-Construction Stormwater Management in New 
Development and Redevelopment  
 
Subcategory: Retention/Detention 

 

Wet Ponds  Click here to comment on this fact sheet

 
Description  

Wet ponds (a.k.a. stormwater ponds, wet 
retention ponds, wet extended detention 
ponds) are constructed basins that have a 
permanent pool of water throughout the year 
(or at least throughout the wet season). Ponds 
treat incoming stormwater runoff by allowing 
particles to settle and algae to take up 
nutrients. The primary removal mechanism is 
settling as stormwater runoff resides in this 
pool, and pollutant uptake, particularly of 
nutrients, also occurs through biological activity 
in the pond. Traditionally, wet ponds have been 
widely used as stormwater best management 
practices.  

Applicability  

Wet ponds are widely applicable stormwater management practices. Although they 
have limited applicability in highly urbanized settings and in arid climates, they have 
few other restrictions.  

Regional Applicability  

Wet ponds can be applied in most regions of the United States, with the exception of 
arid climates. In arid regions, it is difficult to justify the supplemental water needed to 
maintain a permanent pool because of the scarcity of water. Even in semi-arid 
Austin, Texas, one study found that 2.6 acre-feet per year of supplemental water was 
needed to maintain a permanent pool of only 0.29 acre-feet (Saunders and Gilroy, 
1997). Other modifications and design variations are needed in cold climates and 
karst (i.e., limestone) topography.  

Ultra-Urban Areas  

Ultra-urban areas are densely developed urban areas in which little pervious surface 
exists. It is difficult to use wet ponds in the ultra-urban environment because of the 
land area each pond consumes. They can, however, be used in an ultra-urban 
environment if a relatively large area is available downstream of the site.  

The primary functions of a wet pond 
are to detain stormwater and facilitate 
pollutant removal through settling and 
biological uptake. 
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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. Wet ponds can accept runoff 
from stormwater hot spots, but need significant separation from ground water if they 
will be 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 specific objectives. Wet ponds 
are very useful stormwater retrofits and have two primary applications as a retrofit 
design. In many communities, detention ponds have been designed for flood control 
in the past. It is possible to modify these facilities to develop a permanent wet pool to 
provide water quality control (see Treatment under Design Considerations), and 
modify the outlet structure to provide channel protection.  

Cold Water (Trout) Streams  

Wet ponds pose a risk to cold water systems because of their potential to warm the 
water. When water remains in the permanent pool, it is heated by the sun. A study in 
Prince George's County, Maryland, found that stormwater wet ponds heat stormwater 
by about 9°F from the inlet to the outlet (Galli, 1 990).  

Siting and Design Considerations  

 
Siting 
Considerations  

In 
addition 
to 
the 
restrictions 
and 
modifications 
to 
adapting 
wet 
ponds 
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 wet ponds.  

Drainage Area  

Wet ponds 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. BMPs that focus on source control such as bioretention, should be 
considered for smaller drainage areas.  

Slope  

Wet ponds can be used on sites with an upstream slope up to about 15 percent. The 
local slope should be relatively shallow, however. Although there is no minimum 
slope requirement, there does need to be enough elevation drop from the pond inlet 
to the pond outlet to ensure that water can flow through the system.  

Example profile view of a wet pond design. 

Page 2 of 12EPA - Stormwater Menu of BMPs

5/7/2009http://cfpub.epa.gov/npdes/stormwater/menuofbmps/index.cfm?action=browse&Rbutton=d...

166



Soils / Topography  

Wet ponds can be used in almost all soils and geology, with minor design 
adjustments for regions of karst topography (see Design Considerations).  

Ground Water  

Unless they receive hot spot runoff, ponds can often intersect the ground water table. 
However, some research suggests that pollutant removal is reduced when ground 
water contributes substantially to the pool volume (Schueler, 1997b).  

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 wet 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. 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 increase 
the amount of time that stormwater remains in the pond.  

One technique of increasing the pollutant removal of a pond is to increase the 
volume of the permanent pool. Typically, ponds are sized to be equal to the water 
quality volume (i.e., the volume of water treated for pollutant removal). Designers 
may consider using a larger volume to meet specific watershed objectives, such as 
phosphorous removal in a lake system. Regardless of the pool size, designers need 
to conduct a water balance analysis to ensure that sufficient inflow is available to 
maintain the permanent pool.  

Other design features do not increase the volume of a pond, but can increase the 
amount of time stormwater remains in the practice and eliminate short-circuiting. 
Ponds should always be designed with a length-to-width ratio of at least 1.5:1. In 
addition, the design should incorporate features to lengthen the flow path through the 
pond, such as underwater berms designed to create a longer route through the pond. 
Combining these two measures helps ensure that the entire pond volume is used to 
treat stormwater. Another feature that can improve treatment is to use multiple ponds 
in series as part of a "treatment train" approach to pollutant removal. This redundant 
treatment can also help slow the rate of flow through the system. Additionally, a 
vegetated buffer with shrubs or trees around the pond area should provide shading 
and consequent cooling of the pond water. 

If designers of wet ponds are anticipating ponds that stratify in the summer, they 
might want to consider installing a fountain or other mixing mechanism. This will 
ensure that the full water column remains oxic.  

Conveyance  
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Stormwater should be conveyed to and from all stormwater management practices 
safely and to minimize erosion potential. The outfall of pond systems should always 
be stabilized to prevent scour. In addition, an emergency spillway should 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 pond 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 wet ponds, 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 wet ponds is clogging of the outlet. Ponds 
should be designed with a non-clogging 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 
more susceptible to clogging).  

Design features are also incorporated to ease maintenance of both the forebay and 
the main pool of ponds. Ponds should be designed with maintenance access to the 
forebay to ease this relatively routine (5.7 year) maintenance activity. In addition, 
ponds should generally have a pond drain to draw down the pond for the more 
infrequent dredging of the main cell of the pond.  

Landscaping  

Landscaping of wet ponds can make them an asset to a community and can also 
enhance the pollutant removal of the practice. A vegetated buffer should be 
preserved around the pond to protect the banks from erosion and provide some 
pollutant removal before runoff enters the pond by overland flow. In addition, ponds 
should incorporate an aquatic bench (i.e., a shallow shelf with wetland plants) around 
the edge of the pond. This feature may provide some pollutant uptake, and it also 
helps to stabilize the soil at the edge of the pond and enhance habitat and aesthetic 
value.  

Design Variations  

There are several variations of the wet pond design. Some of these design 
alternatives are intended to make the practice adaptable to various sites and to 
account for regional constraints and opportunities.  

Wet Extended Detention Pond  

The wet extended detention pond combines the treatment concepts of the dry 
extended detention pond and the wet pond. In this design, the water quality volume is 
split between the permanent pool and detention storage provided above the 
permanent pool. During storm events, water is detained above the permanent pool 
and released over 12 to 48 hours. This design has similar pollutant removal to a 
traditional wet pond and consumes less space. Wet extended detention ponds 
should be designed to maintain at least half the treatment volume of the permanent 
pool. In addition, designers need to carefully select vegetation to be planted in the 
extended detention zone to ensure that the selected vegetation can withstand both 
wet and dry periods.  

Water Reuse Pond  
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Some designers have used wet ponds to act as a water source, usually for irrigation. 
In this case, the water balance should account for the water that will be taken from 
the pond. One study conducted in Florida estimated that a water reuse pond could 
provide irrigation for a 100-acre golf course at about one-seventh the cost of the 
market rate of the equivalent amount of water ($40,000 versus $300,000).  

Regional Adaptations  

Semi-Arid Climates  

In arid climates, wet ponds are not a feasible option (see Applicability), but they may 
possibly be used in semi-arid climates if the permanent pool is maintained with a 
supplemental water source, or if the pool is allowed to vary seasonally. This choice 
needs to be seriously evaluated, however. Saunders and Gilroy (1997) reported that 
2.6 acre-feet per year of supplemental water were needed to maintain a permanent 
pool of only 0.29 acre-feet in Austin, Texas. Hence, wet ponds are normally not ideal 
in semi-arid environments.  

Cold Climates  

Cold climates present many challenges to designers of wet ponds. The spring 
snowmelt may have a high pollutant load and a large volume to be treated. In 
addition, cold winters may cause freezing of the permanent pool or freezing at inlets 
and outlets. Finally, high salt concentrations in runoff resulting from road salting, and 
sediment loads from road sanding, may impact pond vegetation as well as reduce 
the storage and treatment capacity of the pond. Designers should consider planting 
the pond with salt-tolerant vegetation if the facility receives road runoff.  

One option to deal with high pollutant loads and runoff volumes during the spring 
snowmelt is the use of a seasonally operated pond to capture snowmelt during the 
winter, and retain the permanent pool during warmer seasons. In this option, 
proposed by Oberts (1994), the pond has two water quality outlets, both equipped 
with gate valves. In the summer, the lower outlet is closed. During the fall and 
throughout the winter, the lower outlet is opened to draw down the permanent pool. 
As the spring melt begins, the lower outlet is closed to provide detention for the melt 
event. This method can act as a substitute for using a minimum extended detention 
storage volume. When wetlands preservation is a downstream objective, seasonal 
manipulation of pond levels may not be desired. An analysis of the effects on 
downstream hydrology should be conducted before considering this option. In 
addition, the manipulation of this system requires some labor and vigilance; a careful 
maintenance agreement should be confirmed.  

Several other modifications may help to improve the performance of ponds in cold 
climates. In order to counteract the effects of freezing on inlet and outlet structures, 
the use of inlet and outlet structures that are resistant to frost, including weirs and 
larger diameter pipes, may be useful. Designing structures on-line, with a continuous 
flow of water through the pond, will also help prevent freezing of these structures. 
Finally, since freezing of the permanent pool can reduce the effectiveness of pond 
systems, it may be useful to incorporate extended detention into the design to retain 
usable treatment area above the permanent pool when it is frozen.  

Karst Topography  

In karst (i.e., limestone) topography, wet ponds should be designed with an 
impermeable liner to prevent ground water contamination or sinkhole formation, and 
to help maintain the permanent pool.  

Limitations  

Limitations of wet ponds include:  

Page 5 of 12EPA - Stormwater Menu of BMPs

5/7/2009http://cfpub.epa.gov/npdes/stormwater/menuofbmps/index.cfm?action=browse&Rbutton=d...

169



� If improperly located, wet pond construction may cause loss of wetlands or forest.  
� Wet ponds are often inappropriate in dense urban areas because each pond is 

generally quite large.  
� Their use is restricted in arid and semi-arid regions due to the need to supplement 

the permanent pool.  
� In cold water streams, wet ponds are not a feasible option due to the potential for 

stream warming.  
� Wet ponds may pose safety hazards.  

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 these practices.  

Table 1. Typical maintenance activities for wet ponds (Source: WMI, 1997) 

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. Wet ponds can provide flood control, channel 
protection, and 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. Wet ponds can easily be designed for flood control by providing flood 
storage above the level of the permanent pool.  

Channel Protection  

Activity Schedule 

� If wetland components are included, inspect for 
invasive vegetation. 

Semi-annual 
inspection 

� Inspect for damage.  
� 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 operational. 

Annual 
inspection 

� Repair undercut or eroded areas.  As needed 
maintenance 

� Clean and remove debris from inlet and outlet 
structures.  

� Mow side slopes.  

Monthly 
maintenance 

� Manage and harvest wetland plants. 
Annual 

maintenance 
(if needed) 

� Remove sediment from the forebay. 5- to 7-year 
maintenance 

� Monitor sediment accumulations, and remove sediment 
when the pool volume has become reduced 
significantly or the pond becomes eutrophic.  

20-to 50-year 
maintenance 
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When used for channel protection, wet ponds have traditionally controlled the 2-year 
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  

Wet ponds cannot provide ground water recharge. Infiltration is impeded by the 
accumulation of debris on the bottom of the pond.  

Pollutant Removal  

Wet ponds are among the most effective stormwater management practices at 
removing stormwater pollutants. A wide range of research is available to estimate the 
effectiveness of wet ponds. Table 2 summarizes some of the research completed on 
wet pond removal efficiency. Typical removal rates, as reported by Schueler (1997a) 
are:  

Total Suspended Solids: 67%  

Total Phosphorous: 48%  

Total Nitrogen: 31%  

Nitrate Nitrogen: 24%  

Metals: 24.73%  

Bacteria: 65%  

Table 2. Wet pond percent removal efficiency data 
Wet Pond Removal Efficiencies 

Study TSS TP TN NO3 Metals Bacteria Practice 
Type 

City of Austin, TX 1991. 
Woodhollow, TX 54 46 39 45 69.76 46 wet pond 

Driscoll 1983. Westleigh, 
MD 81 54 37 - 26.82 - wet pond 

Dorman et al., 1989. West 
Pond, MN 65 25 - 61 44.66 - wet pond 

Driscoll, 1983. Waverly 
Hills, MI 91 79 62 66 57.95 - wet pond 

Driscoll, 1983. Unqua, NY 60 45 - - 80 86 wet pond 

Cullum, 1985. Timber 
Creek, FL 64 60 15 80 - - wet pond 

City of Austin, TX 1996. St. 
Elmo, TX. 92 80 19 -17 2.58 89-91 wet pond 

Horner, Guedry, and 
Kortenhoff, 1990. SR 204, 
WA 

99 91 - - 88.90 - wet pond 

Horner, Guedry, and 
Kortenhoff, 1990. Seattle, 
WA 

86.7 78.4 - - 65.67 - wet pond 

Kantrowitz and Woodham, 
1995. Saint Joe's Creek, 
FL 

45 45 - 36 38.82 - wet pond 

Wu, 1989. Runaway Bay, 
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NC 62 36 - - 32.52 - wet pond 

Driscoll 1983. Pitt-AA, MI 32 18 - 7 13.62 - wet pond 

Bannerman and Dodds, 
1992. Monroe Street, WI 90 65 - - 65.75 70 wet pond 

Horner, Guedry, and 
Kortenhoff, 1990. Mercer, 
WA 

75 67 - - 23.51 - wet pond 

Oberts, Wotzka, and 
Hartsoe 1989. McKnight, 
MN 

85 48 30 24 67 - wet pond 

Yousef, Wanielista, and 
Harper 1986. Maitland, FL - - - 87 77.96 - wet pond 

Wu, 1989. Lakeside Pond, 
NC 93 45 - - 80.87 - wet pond 

Oberts, Wotzka, and 
Hartsoe, 1989. Lake Ridge, 
MN 

90 61 41 10 73 - wet pond 

Driscoll, 1983. Lake Ellyn, 
IL 84 34 - - 71-78 - wet pond 

Dorman et al., 1989. I-4, FL 54 69 - 97 47.74 - wet pond 

Martin, 1988. Highway Site, 
FL 83 37 30 28 50.77 - wet pond 

Driscoll, 1983. Grace 
Street, MI 32 12 6 -1 26 - wet pond 

Occoquan Watershed 
Monitoring Laboratory, 
1983. Farm Pond, VA 

85 86 34 - - - wet pond 

Occoquan Watershed 
Monitoring Laboratory, 
1983. Burke, VA 

-
33.3 39 32 - 38.84 - wet pond 

Dorman et al., 1989. 
Buckland, CT 61 45 - 22 -25 to 

-51 - wet pond 

Holler, 1989. Boynton 
Beach Mall, FL 91 76 - 87 - - wet pond 

Urbonas, Carlson, and 
Vang 1994. Shop Creek, 
CO 

78 49 -12 -85 51.57 - wet pond 

Oberts and Wotzka, 1988. 
McCarrons, MN 91 78 85 - 90 - wet pond 

Gain, 1996. FL 54 30 16 24 42.73 - wet pond 

Ontario Ministry of the 
Environment, 1991. 
Uplands, Ontario 

82 69 - - - 97 

wet 
extended 
detention 

pond 

Borden et al., 1996. 
Piedmont, NC 19.6 36.5 35.1 65.9 -4 to-

97 -6 

wet 
extended 
detention 

pond 

Holler, 1990. Lake 
Tohopekaliga District, FL - 85 - - - - 

wet 
extended 
detention 

pond 

Ontario Ministry of the 
Environment 1991. 
Kennedy-Burnett, Ontario 

98 79 54 - 21.39 99 
wet 

extended 
detention 
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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 
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 from the BMP database .  

Cost Considerations  

The construction costs associated with wet ponds range considerably. A recent study 
(Brown and Schueler, 1997) estimated the cost of a variety of stormwater 
management practices. The study resulted in the following cost equation, adjusting 
for inflation:  

C = 24.5V0.705 

 

where:  

C = Construction, design and permitting cost;  

V = Volume in the pond to include the 10-year storm (ft3). 

 

Using this equation, typical construction costs are:  

$45,700 for a 1 acre-foot facility  

$232,000 for a 10 acre-foot facility  

$1,170,000 for a 100 acre-foot facility  

Ponds do not consume a large area relative to the drainage size of the watershed 
(typically 2.3 percent of the contributing drainage area). It is important to note, 
however, that these facilities are generally large and require a relatvely large 
contiguous area. Other practices, such as filters or swales, may be "squeezed" into 
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. Ponds are long-lived 
facilities (typically longer than 20 years). Thus, the initial investment into pond 
systems may be spread over a relatively long time period.  

In addition to the water resource protection benefits of wet ponds, there is some 

pond 

Ontario Ministry of the 
Environment 1991. East 
Barrhaven, Ontario 

52 47 - - - 56 

wet 
extended 
detention 

pond 

Borden et al., 1996. Davis, 
NC 60.4 46.2 16 18.2 15.51 48 

wet 
extended 
detention 

pond 
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evidence to suggest that they may provide an economic benefit by increasing 
property values. The results of one study suggest that "pond front" 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).  
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Stormwater Best Management Practices in an Ultra-Urban 

Setting: Selection and Monitoring 

Fact Sheet - Bioretention 

Bioretention was developed as an innovative approach in the ultra-urban environment. Bioretention areas (BAs) are 
easy to construct and require less infrastructure maintenance than many other BMPs. In addition to their well-
accepted aesthetic value, BAs can be tailored in design and location to fit into the ultra-urban landscape. 

Water quality improvements result from sedimentation, filtration, soil adsorption, microbial decay processes, and the 
uptake of pollutants by plants. The use of vegetation in BAs is modeled from the properties of a terrestrial forest 
community-an ecosystem dominated by mature trees, subcanopy of understory trees, shrubs, and herbaceous 
plants. Plants are selected based on their tolerance to varying hydrologic conditions, soil and pH requirements, and 
general characteristics like aesthetics. An additional important feature of bioretention is the soil in the system, which 
contains a mixture of detritus, humus, and mineral and biological complexes. The soil layer and the microbes living 
in the soil enhance infiltration, groundwater recharge, and nitrogen and metals removal; provide valuable water and 
nutrients for plant growth; and provide oxygen for plant root metabolism and growth. 

BAs consist of a flow-regulating structure that processes inflow passing through a shallow depressed planted area 
containing ground cover (low-lying plant growth or an organic mulch), a planting soil supporting a range of 
facultative plant types, and a bottom support soil layer. Each of these features has a specific role in stormwater 
pollutant removal (Figure 6). 

Figure 6. Parking edge and perimeter without curb 
(Prince George's County, Maryland, 1993) 
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Applicability 

BAs have unique features that make them attractive for use in the ultra-urban environment. They have the ability to 
fit in existing or proposed medians or grassy areas along streets and parking lots. In addition, by disposing of a 
significant volume of annual rainfall on-site, BAs may reduce the infrastructure costs required to collect and convey 
the runoff off-site. BAs can also provide benefits other than stormwater management, including creating green areas 
and natural habitat. For facilities placed in new developments, the land area requirement and cost can be minimized 
if the local jurisdiction considers BAs part of the required vegetated open space set-aside or if installed trees count 
against local landscaping and tree coverage requirements. 

Effectiveness 

Limited monitoring of the effectiveness of BAs has been completed to date although there are ongoing monitoring 
efforts. Due to the similarity between bioretention technology and dry swales, however, the pollutant removal 
capability should be comparable (Claytor and Schueler, 1996). For planning purposes it is acceptable to anticipate 
BAs will remove 50 percent of total phosphorus (TP), 50 percent of total nitrogen (TN), between 75 and 80 percent 
of metals, and 75 percent of total suspended solids (TSS). Based on the nature of the planting soil and the 
facultative plants normally installed, BAs should be capable of managing some petroleum hydrocarbon 
concentrations commonly encountered in urban settings. Pretreatment is not considered crucial to the removal 
performance of BAs except where there is an atypically high level of pollutant loading, which can harm the planted 
growth (i.e., heavy commercial or industrial settings). 

In variable climates, seasonal differences in removal performance should be anticipated for BAs, due to the growing 
and dormant periods of plants. Fall and winter temperatures force vegetation into dormancy, thereby reducing 
uptake of some runoff pollutants. However, carefully selected planting soil should provide significant storage 
capacity for many common urban pollutants during no/slow growth periods as long as soil infiltration can occur. 
Freezing temperatures greatly reduce infiltration in BAs and inactivate the most important pollutant removal 
mechanism. 

BAs are intended to be water quality control practices, but they can be employed as either an on-line or off-line 
design. If BAs are employed as on-line facilities, design features must be incorporated to ensure nonerosive flow 
velocities exist within the BA. During these larger rainfall events, BAs should provide marginal treatment of the high 
flow volume (principally large-diameter suspended solids) even though the residence time in most facilities will be 
short. 

Siting and Design Considerations 

Bioretention is a relatively new technology being refined to achieve maximum water quality benefits. The basic 
design elements and major components of BAs are discussed below. For design examples and additional 
information, several good sources are available, including Design Manual for Use of Bioretention in Stormwater 
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Management (Prince George's County, 1993), Design of Stormwater Filtering Systems (Claytor and Schueler, 
1996), and Highway Runoff Manual (WSDOT, 1995). 

The basic design elements to be addressed are proper soils, vegetation, and drainage. For most ultra-urban 
applications designers should look for relatively flat areas where deep soils (1.68 m [6 ft] to bedrock) are present 
and where seasonal high groundwater elevations are at least 1.68 m (6 ft) below grade. Ideally, BAs will discharge 
collected stormwater into underlying in situ soils and then into the surficial groundwater aquifer. As an option, 
designers can employ an underdrain system to collect exfiltration from the BA wherever existing deep soil layers will 
prevent exfiltration. Underdrains are typically placed approximately 1.52 m (5 ft) below grade and must drain by 
gravity to either an outlet or a storm drain. Underdrain systems can also be used in BAs where they will be placed in 
close proximity of building foundations. A minimum 9.2 m (30 ft) offset is recommended for BAs without underdrains. 

Bioretention facilities combine a number of physical, biological, and hydrologic components to provide 
complementary functions to improve water quality, control hydrology, and provide wildlife and aesthetic 
improvements. The major components of the BA are: 

Pretreatment area (optional).  
Ponding area.  
Ground cover layer.  
Planting soil.  
In-situ soil.  
Plant material.  
Inlet and outlet controls.  

Pretreatment Area  

Some BA designs incorporate an upstream pretreatment area. Pretreatment is necessary where a significant 
volume of debris or suspended material will be conveyed by stormwater into the BA; for example, parking lots or 
commercial areas that are regularly sanded. In Figure 6, a grass buffer strip is used to reduce the runoff velocity 
and to filter large-diameter particulates from the runoff. Other pretreatment devices that can be employed are oil/grit 
separators, forebays, and stilling basins. 

Ponding Area  

In BAs the ponding area is located over the planting soil and provides surface storage for stormwater runoff while it 
infiltrates and/or evaporates after the rainfall period. Major design parameters for the ponding area are the 
maximum ponding depth and the duration of ponding. In Prince George's County, Maryland, these parameters were 
established based on the type of planting soil used and the type of adjacent land use. The higher the infiltration rate 
of the planting soil, the greater the maximum ponding depth (up to 0.3 m [12 in]). Applications in residential areas 
are permitted ponding for less than 24 hours; all other applications are permitted 36 hours of ponding (Prince 
George's County, Maryland, 1993). 

Ground Cover Layer  

The surface of the BA is covered with an organic ground cover layer. The organic layer provides a medium for 
biological growth and provides the carbon source needed for biological activities at the air/soil interface. It also helps 
to maintain a sufficient organic percentage in the surface soil horizon, in a sense simulating the leaf litter in forest 
communities. It is recommended that designers of BAs either use a mature mulch (maximum depth of 76.2 mm [3 
in]) or establish permanent growth (e.g., grasses) within one growing season (Prince George's County, Maryland, 
1993). 

Planting Soil  

BAs contain a thick layer of planting soil, located below the ground cover layer and supported by the underlying in 
situ soils. This thickness also provides for deep root plant growth. Planting soil must have a high infiltration rate, 
support healthy plant growth, adsorb nutrients and pollutants, and provide additional storage capacity for 
stormwater. These objectives can be met by using a planting soil containing a clay content of 2.5 to 10 percent and 
an organic content between 1.5 and 3 percent. 

Prince George's County permits BAs with higher infiltration soils to have a greater ponding depth, which resulted in 
a smaller surface area of the BA. Based on this approach, designers might have to choose between using less 
expensive existing onsite soils or replacing existing soils with imported highly permeable soils to permit a smaller 
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BA. To provide the infiltration necessary to remove ponded stormwater it is recommended that the soil texture be 
sand, loamy sand, sandy loam, loam, or silt loam. In addition it is recommended that the planting soil thickness be 
1.22 m (4 ft) to ensure significant contact time between infiltrating stormwater and the soil. This soil depth will also 
help deeply rooted plant growth become well established (Prince George's County, Maryland, 1993). 

In Situ Soil  

As shown in Figure 6, the in situ soil layer provides a foundation for planting soils and drains the infiltrated 
stormwater from BAs. Experimental BAs have shown that in situ soils are crucial to the success of the facility; if a 
location drains in a poor manner, the BA will fail unless another means of drainage is established. Prince George's 
County, Maryland, recommended percolation tests be performed to demonstrate that in situ soils possess at least 
12.7 mm/h (0.5 in/h) infiltration capacity. Where poorly drained in situ soils are encountered, it is still feasible to 
install bioretention but only with the aid of an underdrain system. Additional information on investigating in situ soils 
and designing underdrain systems is provided in the Prince George's County Design Manual for Use of Bioretention 
in Stormwater Management (Prince George's County, Maryland, 1993). 

Plant Material  

The role of plant species is to use nutrients and other pollutants and remove water from the planting soil through 
evapotranspiration. Plants must be a low-maintenance, aesthetically pleasing variety that is tolerant of urban 
stormwater pollutants. They must have the ability to adapt to conditions of drought and inundation. Key design 
parameters for optimum plant material function include species diversity, density, and morphology, and the use of 
native plants. Ideally, the community structure will be similar to that of a forest community, providing diversity to 
reduce susceptibility to insect and disease infestation. The intention is to create a microclimate that is resistant to 
urban stresses. The plants selected must be able to prosper even when flooded to a depth of 0.15 m (0.5 ft) or more 
at frequent intervals. 

Inlet and Outlet Controls  

The specifics of inlets and outlets of BAs are highly dependent on whether the BA is an on-line or off-line design. An 
on-line facility is one that does not have a bypass that diverts excess stormwater around the BA once it becomes 
full. 

Because all stormwater will pass through an on-line bioretention facility, both inlets and outlets must be designed to 
ensure that the runoff rate does not damage the BA. Prince George's County states that designers must ensure 
nonerosive flow velocities exist within the BA for the 10-year postdevelopment event (Prince George's County, 
Maryland, 1993). On-line facility designs usually include protection such as riprapped inlets and outlets, which are 
designed through an in-depth hydraulic evaluation. Possible outlets for on-line areas include drop inlets or overflow 
weirs that feed downstream swales or pipe systems. 

Off-line BAs generally require smaller inlets than on-line facilities because inlets are usually designed to convey the 
runoff from the first 12.7 mm (0.5 in) of runoff from the site. All other runoff must be diverted around the BA and 
downstream to subsequent swales or pipe systems without passing through the BA. This diversion can be 
established by creating a ponding area in the BA, which causes backwater conditions and a resulting shift in 
discharge direction. 

Designers must be careful not to undersize entrances into BAs and to keep entrance velocities in excess of 0.15 
m/s (0.5 ft/s) to help prevent clogging of the inlet area. Debris (e.g., sand) on the parking area can be washed 
toward the bioretention inlet and form a small dike, blocking the inlet. 

Maintenance Considerations 

BAs require routine, low-cost maintenance, similar to conventional landscaping maintenance, to ensure the system 
functions well as a stormwater BMP and remains aesthetically pleasing. Routine inspections of the bioretention 
facility, semiannually for the first year and annually thereafter, along with spot inspections after major storms the first 
year to verify the BA has not been significantly disturbed, aid in ensuring the performance of the BA. Other 
maintenance considerations include: 

Planting soil bed - check the pH of the soils, correct erosion, cultivate unvegetated areas to reduce clogging 
from fine sediments over time.  
Ground cover layer - mulch or replant bare spots annually.  
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Planting materials - replace dead or severely distressed vegetation, perform periodic pruning, etc.  
Inflow/outflow - inspect for clogging, remove sediment build-up, repair eroded pretreatment areas, remove 
accumulated trash and debris.  

Cost Considerations 

Initial estimates from engineers designing BAs suggest project costs will be approximately $24,700 per impervious 
hectare ($10,000 per impervious acre), exclusive of real estate costs (Bell, 1996). 
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Stormwater Best Management Practices in an Ultra-Urban 

Setting: Selection and Monitoring 

Fact Sheet - Catch Basin Inserts 

Catch basin inserts (CBIs) are designed either to hang from a drain-inlet frame or to be inserted well below the drain 
inlet in the sump area, taking advantage of additional space in the lower part of the catch basin. The information 
provided here refers to drain-inlet inserts that are mounted directly beneath the frame. Figure 22 shows a typical 
frame-mounted CBI. CBIs work by gravitational filtering to remove debris and large (gravel-sized) sediment particles 
entering the catch basin. Some of the insert models also are designed with an inner component that contains an oil-
absorbent material to facilitate in the removal process. 

Figure 22. Typical features of a catch basin insert 
(King County, Washington, 1995) 

 

CBI devices are designed to be suspended from the storm drain inlet structure. Hydraulically, they are designed 
with a high-flow bypass to prevent resuspension and washout. Only the designed flow rate should pass through 
treatment surfaces. The insert can contain one or more treatment mechanisms, which include filtration, 
sedimentation, or gravitational absorption of oils. Two outlets also are designed into the devices. The first outlet is 
for treated stormwater, and the second is for stormwater that exceeds the capacity of the device. In some 
manufactured CBIs, the overflow outlet is not a true bypass because excess water still contacts the treatment area 
prior to overflow. For such CBIs, due to the very short contact time and potential for flushing previously trapped 
materials, treatment may be compromised at higher flow rates (King County, 1996). 

Applicability 

CBIs are not suitable for removal of fine particulate stormwater pollutants such as metals, nutrients, silts, or clays; 
however, inserts can be used in unpaved areas where the sediment concentration in the stormwater is expected to 
contain coarse material. In addition, CBIs are suited for sites where a substantial amount of debris is found in 
stormwater runoff. Areas where CBIs would be appropriate include unpaved roads or parking areas, construction 
sites, or unpaved industrial sites and lumber yards. Because oil/grit separators are not recommended for unpaved 
areas, CBIs could be used in lieu of them. 
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Effectiveness 

In a recent study by King County, Washington, and others (King County et al., 1995), six different CBIs were 
evaluated. The inserts tested did not remove significant amounts of pollutants associated with silt- or clay-sized 
particles; however, the inserts were capable of trapping and removing the coarser materials and debris that are 
typically found in unpaved areas. New inserts that were designed to remove petroleum hydrocarbons were found to 
reduce oil and grease concentrations by 30 to 90 percent; after some use, the sustained removal rates were 
reduced to 30 percent or less. While the inserts varied in their ability to remove oil and grease, most units exhibited 
some level of treatment if maintained on a regular basis. Inserts did not exhibit any ability to remove metals such as 
total copper, lead, or zinc. Tests on new and used insert units showed that the CBIs were not effective at removing 
total phosphorus associated with very fine sediment. 

Siting and Design Considerations 

Because of their limited ability to remove stormwater runoff pollutants, CBIs should not be used as a stand-alone 
BMP, but rather installed in conjunction with other BMPs. CBIs are best suited for installation as pretreatment for 
other BMPs to remove large sediment or debris from unpaved or pervious areas. It should be noted that there are 
different types of CBI designs and media and one type might not cover all possible pollutants. It is important, 
therefore, to specify which pollutant is of primary importance because systems optimized for large sediment or 
debris might not provide acceptable long-term removal of oils and grease, and vice versa. Because catch basin 
inserts are commercially available, design and installation information can be obtained from their manufacturers or 
distributors. Catch basin inserts developed by three vendors were evaluated by the Interagency Catch Basin Insert 
Committee in the Seattle, Washington, area (King County et al., 1995). General design criteria and siting 
recommendations can be found in the King County, Washington, Surface Water Design Manual (King County, 
1996). 

CBIs should be designed to perform acceptably for a reasonable design storm (e.g., 2-yr rainfall event) based on 
hydrologic characteristics and the percent of imperviousness of the site. At the same time, they should not interfere 
with the drainage for larger rainfall events (e.g., the 10-year rainfall event). 

Maintenance Considerations 

One of the major concerns with CBIs is the need to regularly clean the filter system or medium. Units designed for 
coarse sediment or debris removal tend to have more holding capacity and, depending on their location, will operate 
correctly if cleaned after every two or three major storms. Maintenance for CBIs configured for oil and grease 
removal is also a function of specific site conditions but in general is more intensive. In the majority of the cases, 
this maintenance focuses on removing accumulated fine-grain sediment from the filter surface or screens. The filter 
or medium has to be replaced less frequently because of saturation by oil and grease. Streetsweeping could 
potentially reduce the maintenance frequency for inserts that have this problem. 

There is currently an effort to improve the design of CBIs to manage oil and grease and sediment. CBIs currently 
under development would separate sediment holding areas from the filter media. Captured sediment collected from 
several storm events would be stored in a dead-storage area at the base of the catch basin, thereby, preventing 
clogging of the filter media. 

Most of the inserts are made of lightweight material and can be removed by one person; however, filter inserts 
allowed to fill up with sediment or debris may require two-person crews to lift. 

Cost Considerations 

Depending on the complexity of the unit, the CBI grate-mounted units can range in cost from as little as $100 up to 
$1,500. Variables affecting cost include the size of the insert, the type of filter medium, the filtering system, and the 
material used to construct the insert. Another consideration is the clean-out and maintenance requirements of a 
sump with an insert versus a sump without the insert. Costs for maintaining CBIs range from $10 to $100 per unit 
per month, assuming monthly replacement of filter media (King County, 1996). In a study conducted by the Port of 
Seattle, it took one person 90 minutes to clean 18 inserts. In contrast, it took two vacuum truck operators about 
three hours to clean 18 sumps (King County et al., 1995). 
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Stormwater Best Management Practices in an Ultra-Urban 

Setting: Selection and Monitoring 

Fact Sheet - Detention Ponds 

Extended detention ponds have been used for a number of years in urban applications, and are designed to 
mitigate highway runoff stormwater quality and/or quantity impacts. These systems function by storing the increased 
runoff volume that results from development, then slowly releasing it at predevelopment runoff rates. The controlled 
release rate is designed to maintain the existing hydraulic conditions in the downstream watercourse (ASCE, 1992). 
The most commonly built facilities are dry extended detention (ED) ponds and wet ponds with extended detention. 
Figure 8 illustrates a cross-sectional view of a standard ED pond system design. 

Figure 8. Cross-section view of a standard extended detention pond system 
(Schueler, 1992) 

 

Water quality benefits are achieved by treating the "first flush" of runoff from impervious areas. The "first flush" of 
runoff often contains the most pollutants. When extended detention is the method used for water quality treatment, 
the required volume is released over a long period of time, allowing sufficient time for particulates to settle out. 
Nutrients, heavy metals, and other pollutants associated with these particulates can also be removed. 

Applicability 

In an ultra-urban application, detention ponds are generally applicable as an end-of-pipe treatment facility. The pond 
design will be site-specific and extremely dependent on the site soils, existing utility conflicts, property ownership, 
and drainage area to be routed through the pond. Additional space constraints may reduce the applicability of some 
pond enhancement features such as a forebay, micropool, and safety bench. For example, the additional area 
needed to provide a safety bench (0.3 m [1 ft] wide strip around facility) may not exist in an ultra-urban setting. A 
safety alternative such as a chain-link fence, although not as aesthetically pleasing, may be required. 

Another problem that may occur in siting detention ponds in ultra-urban environments is finding an adequate 100-
year storm overflow path. Unfortunately, in the ultra-urban environment, space is usually limited at the end of storm 
drain systems. Additional opportunities for siting extended detention facilities are in medians, interchanges, adjacent 
to ramps, and along rights-of-way adjacent to roads. 

Effectiveness 

Properly designed detention ponds can greatly reduce the stormwater runoff impacts of highway development. 
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When coordinated with other BMPs in the watershed, they can effectively reduce stormwater peak flows. Dry 
detention ponds can also remove up to 90 percent of particulates (Kehoe, 1993). Dry detention ponds, however, are 
not as effective at removing soluble pollutants. Other design approaches such as wet ponds and wetlands may be 
used in conjunction with extended detention for more efficient water quality control. Additional data on pollutant 
removal effectiveness of detention ponds is shown in Table 10. 

Siting and Design Considerations 

The success of a stormwater management pond design is very dependent on site-specific conditions. The major 
components common to each system are the water storage area for quantity and/or quality control and some type of 
outlet structure. The outlet structure can be a concrete or corrugated metal pipe (CMP) riser with openings to 
release the stormwater at the predevelopment runoff rates for specific storm events. The calculations and routings 
may be accomplished with very simple techniques, such as the Rational and Storage-Indication methods, or more 
complex models, such as HEC-22 or the Storm Water Management Model (SWMM), may be used. 

A number of physical conditions are critical to siting and designing a pond. The side slopes of the pond and 
embankment may be steep. To protect both pedestrians and passengers, sufficient barriers, such as fences, 
guardrails, and safety zones, must be incorporated into the design. The saturated soils found below a wet pond can 
affect the structural stability of adjacent road embankments. The rate and timing of the peak discharge of the pond 
may be critical to preventing or increasing downstream flooding. 

Although ponds are classified into the major categories of detention and retention facilities, there are also hybrid 
facilities that contain features found in both systems. The most common of such facilities, which are described 
below, are extended detention dry ponds and wet ponds with extended detention. Additional design examples and 
information can be found in Urban Drainage Design Manual Hydraulic Engineering Circular 22 (Brown et al., 1996), 
Evaluation and Management of Highway Runoff Water Quality (Young et al., 1996), and Design and Construction of 
Urban Stormwater Management Systems (ASCE, 1992). 

Extended Detention Dry Ponds 

Extended detention dry ponds can be designed as two-stage, or water surface elevation, facilities. In these cases, 
the upper stage stores and reduces flood peaks and the lower stage is designed for water quality control. The lower 
stage volume may be able to treat a certain depth of water over the impervious area, such as 12.7 mm (0.5 in) or a 
design storm frequency, such as the 1-year 24-hour storm event. The water is drawn down over a period of time, 

Table 10. Pollutant removal effectiveness of detention ponds (%)

Study TSS TP TKN NO3 Metals Comments

City of Austin (1990)
1 46 37 14 36 40 - 60 On-line wet pond

City of Austin (1995)
1 94 81 44 64 - Wet retention pond

Yu & Benelmouffok 
(1988)2

76 70 65 75 50 - 57 Extended detention wet pond

Martin & Smoot 
(1986)2

78 20 - - 63 In-line wet detention pond as pretreatment to wetland 
system. Efficiencies are for pond only

Gain (1996)1 54 30 16 24 24 - 73 Evaluates modification by flow barrier in wet pond; 
pond is pretreatment to wetland

Harper & Herr 
(1993)1

85 54 26 92 37 - 75 Based on water column sampling from various sites in 
the wet detention pond

Yu et al. (1993)2
67 - 
93

75 - 
94 - - - Dry detention pond

Yu et al. (1994)2 96 81 44 64 - Dry detention pond, study evaluated modifications to 
outlet

1 Removal efficiencies based on concentrations.
 

2 Removal efficiencies based on mass loading.
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normally between 24 and 48 hours, through an orifice in the riser of the principal spillway. This residence time may 
allow for as much as 90 percent removal of particulates through settling (Young et al., 1996). Residence times that 
are too long may allow the water to become heated, resulting in a potential thermal impact to receiving waters. 
Removal of soluble compounds is limited in dry ponds. A shallow marsh or wetland may be incorporated into the 
design to facilitate removal of nitrogen and phosphorus. The incorporation of a forebay, energy dissipator, or 
pretreatment facility before flow enters the pond from a channel or pipe is important to lessen the impact of 
sediment and grit on the pond and to facilitate pond maintenance. 

Extended Detention Wet Ponds 

Wet ponds use a permanent pool of water to aid in achieving water quality control. The pool may cover the entire 
pond bottom or may be located in only a portion of the pond. Sufficient drainage area, fairly impermeable soils, and 
an adequate base flow to the pond are important to maintain a permanent pool. Sizing of the wet pool should 
consider the "first flush" runoff volume. 

Consideration must also be given to water depth and pond length for settling. The pond depth must be deep 
enough, usually 0.9 m (3 ft) or more, so that wind-generated disturbance of bottom sediments does not cause the 
resuspension of sediments. Also, the pond depth should be shallow enough, usually 2.4 m (8 ft) or less, so that 
mixing occurs and the pond does not become anoxic. Pond depths in excess of 2.4 m (8 ft) should be avoided to 
prevent thermal stratification (Schueler, 1987). Alternating areas of shallow and deep pools in wet ponds can also 
be used to increase the sediment trapping efficiency and habitat diversity. Forebays are usually included to reduce 
sediment deposition throughout the system and facilitate maintenance. Incorporation of wetland plants along the 
fringe of the pond helps reduce erosion on the banks, provides some habitat, and may provide opportunities for 
nutrient removal. 

The extended detention volume for a wet pond occurs above the water quality volume and below the crest of the 
pond. The water is released through openings in the outlet structure. An emergency spillway should be required to 
allow water to discharge safely in the event of a large-scale storm event. 

Maintenance Considerations 

Many detention facilities are embankment ponds. Regular inspections are required to check for seepage through 
the embankment, burrowing animals, deep-rooted vegetation, and erosion along the embankment and sides of the 
pond. Other routine maintenance includes reseeding of the pond banks and bottom and removal of debris from the 
spillway. Over time, sediment accumulation may significantly reduce the capacity of the pond. Studies have shown 
that every year up to 1 percent of the storage of the 2-year 24-hour storm event can be lost to sediment deposition 
(siltation) (Yousef et al., 1986). Sediment can reduce the quantity storage in a pond up to 20 percent over a 10-year 
period. Dredging of the material may be required every 5 to 10 years to restore the capacity of the pond. The 
sediment should be tested to determine if it is a hazardous material. Other considerations critical to the efficiency of 
the pond include maintenance of outlet structures, flow splitters, and clean-out gates (Koon, 1995). 

Cost Considerations 

Cost factors for stormwater management ponds are extremely sensitive to site conditions. Availability of in situ 
materials for embankment construction, outlet protection, cost of excavation, liner materials, and land costs are 
significant factors. Maintenance and inspection costs for mowing and periodic dredging are postdevelopment 
factors. Other technologies such as infiltration trenches may be more cost-effective in smaller drainage areas due to 
construction and long-term maintenance costs (Young et al., 1996). Studies have suggested that preliminary costs 
can be estimated by the following equation (adapted from Wiegand et al., 1986): 

C = 168.39 x V0.69 

where: 

C = construction cost estimate (1995 dollars) and 
V = volume of storage of the pond (cubic meters) up to the crest of the emergency spillway. 
This cost should be increased by 25 percent for construction contingencies. 
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Stormwater Best Management Practices in an Ultra-Urban 

Setting: Selection and Monitoring 

Fact Sheet - Dry and Wet Vegetated Swales 

Traditionally, swale designs were simple drainage and grassed channels (Figure 17) that primarily served to 
transport stormwater runoff away from roadways and rights-of-way and provided inconsistent water quality 
treatment (Claytor and Schueler, 1996). Today, designers emphasizing water quality management are shifting from 
the drainage/grassed channel design concepts to carefully engineered dry/wet vegetated swale designs (Figure 17). 
Two general types of grassed swales are discussed in detail here-a dry swale, which provides water quality benefits 
by facilitating stormwater infiltration, and a wet swale, which uses residence time and natural growth to treat 
stormwater prior to discharge to a downstream surface water body. 

Figure 17. Channels and swales (Claytor & Schueler, 1996) 
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Dry swales are distinguished from a simple drainage/grassed channel by the addition of carefully selected, highly 
permeable soil (usually sandy loam), check dams, and an underdrain system (Figure 18). These design features 
ensure that infiltration of stormwater will not depend only on the infiltration rate of the existing natural soils. Only in 
special circumstances where natural soil and groundwater conditions consistently provide high infiltration will a 
traditional drainage/grassed channel design provide the same water quality benefits as a dry swale design. 

Figure 18. Dry swale (adapted from Claytor & Schueler, 1996) 

 

 

 

Wet swales are distinguished from the simple drainage/grassed channel by design features that maintain a 
saturated condition in soils at the bottom of the swale (Figure 19). The goal of a wet swale is to create an elongated 
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wetland treatment system that treats stormwater through physical and biological action. Unlike dry swales, 
infiltration of stormwater is an undesirable condition in a wet swale because it would likely result in conditions 
detrimental to maintaining saturated soils to support wetland vegetation. 

Figure 19. Wet swale (adapted from Claytor & Schueler, 1996) 

 

 

 

Applicability 

Dry and wet swales are appropriate for use in narrow areas along roads and medians where sufficient space exists 
to accommodate the additional storage depth and width. These swales are relatively inexpensive BMPs, and the 
total cost is principally related to earth moving construction costs. Because drainage/grassed channels are 
commonly installed in roadway right-of-way areas to provide essential drainage, implementing a more complex dry 
or wet swale design usually results in a relatively small additional cost and provides significantly better water quality 
management. Where sufficient space is available in ultra-urban areas, either dry or wet swales may be appropriate 
BMPs. 

The design requirements of swales are relatively flexible; the gradient, size, and shape are typically based on local 
regulations that ensure adequate conveyance of the stormwater. In most applications, swales are placed parallel to 
roadways and care must be taken to ensure they do not impose an unacceptable safety hazard to any vehicles that 
might leave the roadway. Swales are practically vandal-proof and add an aesthetic value to roadside areas as long 
as they are maintained and litter and debris are regularly removed. However, wet swales can create ideal breeding 
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habitat areas for nuisance insects such as mosquitoes. 

Effectiveness 

Both dry and wet swales demonstrate good pollutant removal, with dry swales providing significantly better 
performance for metals and nitrate. Dry swales typically remove 65 percent of total phosphorus (TP), 50 percent of 
total nitrogen (TN), and between 80 and 90 percent of metals. Wet swale removal rates are closer to 20 percent of 
TP, 40 percent of TN, and between 40 and 70 percent of metals. The total suspended solids (TSS) removal for both 
swale types is typically between 80 and 90 percent. In addition, both swale designs should effectively remove 
petroleum hydrocarbons based on the performance reported for grass channels. See Table 15 for additional 
removal effectiveness rates for swales. Seasonal differences in dry/wet swale performance have been reported; 
pollutant removal efficiencies for many constituents can be markedly different during the growing and dormant 
periods (Driscoll and Mangarella, 1990). In seasonal climates, fall and winter temperatures force vegetation into 
dormancy, thereby reducing uptake of runoff pollutants and removing an important mechanism for flow rate 
reduction. Furthermore, decomposition of accumulated organic matter can lead to production of nutrients in a 
soluble form, making them free to be transported downstream. Freezing temperatures greatly reduce infiltration in 
dry swales, removing an important pollutant removal mechanism. 

There are limited data currently available on wet swale treatment processes and it can only be assumed that the 
treatment processes are similar to those of a wetland. In the absence of infiltration, biological activity and limited 
sedimentation are probably important treatment mechanisms. The data available at this time suggest wet swales 
provide less pollutant removal than dry swales, which might be due to the absence of infiltration. 

Siting and Design Considerations 

Designers of grassed swales must have site-specific data on topography, depth to seasonal high groundwater, and 
soil type prior to designing dry or wet swales. Existing topography will establish the general bottom slope of the 
swale (recommended between one and two percent) and dictate whether check dams will be required. The depth to 
groundwater is needed to determine if the swale will be of a dry or a wet design. In dry swales the surficial 
groundwater table should be more than 0.92 m (3 ft) below the proposed invert; wet swales require that the surficial 
groundwater table is close to the proposed invert. If the depth to the surficial groundwater table and fluctuations in 
this depth are not considered, it may result in an unacceptable design. Evaluating in situ soil characteristics such as 
color and structure is helpful in identifying whether excavated soil can be used for the highly permeable soil medium 
placed below the invert of a dry swale (e.g., a well-drained silty sand). 

Dry or wet swales can be designed to treat the first flush of stormwater runoff (frequently taken as the first 12.7 mm 
[0.5 in] of runoff from the impervious area). In sizing dry or wet swales it is important to define what depth of runoff is 
associated with the first flush or water quality volume (WQV), as this runoff depth varies from state to state. Swales 
are configured as on-line facilities; while providing treatment of the WQV for small, frequent storms, swales must still 
retain the ability to convey high runoff rates from the roadway when high-intensity storms occur. During these larger 
rainfall events, swales provide marginal treatment of the high flow rates; however, because the flow velocity in the 
swale is nonerosive, resuspension or transport of accumulated pollutants is minimized. 

Pretreatment is not considered crucial to the removal performance of dry/wet swales unless there is sufficient 

Table 15. Pollutant removal effectiveness for swales (%)

Study TSS TP TN NO3 Metals Comments

City of Austin (1995)1 68 43 23 -2  Grassed channel

Yu et al. (1993)2 21-95 32-85 - - - Vegetated swale

Yu et al. (1994)2 49 33 - - 13 Length of swale evaluated reduced to 100 ft

Yu and Kaighn (1995)1 30 negligible - - 11 Grassed swale

Yousef et al. (1985)1 - (-48)-48 (-14)-25 - (-25)-92 Grassed swale

Kahn et al. (1992)2 83 29 - - 30 - 72 200 foot swale

1Removal efficiencies based on concentrations.
 

2Removal efficiencies based on mass loading.
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loading of pollutants (e.g., oil and grease) to harm the grassed surface. However, pretreatment (e.g., 
streetsweeping or forebays) can provide a benefit by reducing and simplifying operation and maintenance of dry/wet 
swales. 

Dry swales provide the majority of treatment by the process of soil infiltration, which filters suspended pollutants and 
facilitates adsorption of dissolved pollutants. It has been found that the mass removal of pollutants in dry swales is 
roughly proportional to the mass runoff that infiltrates through the bottom of the channel (Yousef et al., 1985). Even 
though the residence time in swales can be relatively long (on the order of a day), a review of water monitoring 
results suggests sedimentation plays a very small role in treatment in dry swales (Claytor and Schueler, 1996). 

A dry swale is designed to capture and filter runoff from a water quality rainfall event. In designing a dry swale it is 
important to first determine the volume of water to be stored. This establishes the basic swale dimensions of width, 
length, and side slopes. Of equal importance in the design is to select a soil that permits infiltration of the stored 
stormwater within a reasonable period of time (typically on the order of one day). Infiltration rates for soils are quite 
variable, even within a single textural class. For example, soils classified as "Loam" may have infiltration rates 
ranging from 1.5 mm/h to 86 mm/h (0.06 in/h to 3.4 in/h). Computer programs, such as Soil Conservation Service 
Technical Release 20 Project Formulation Hydrology, can be used to evaluate how effective the storage capacity 
and infiltration rates of the swales are at attenuating peak stormwater runoff. Additional design procedures and 
information can be found in Urban Drainage Design Manual Hydraulic Engineering Circular 22 (Brown et al., 1996), 
Evaluation and Management of Highway Runoff Water Quality (Young et al., 1996), Design of Stormwater Filtering 
Systems (Claytor and Schueler, 1996), and Highway Runoff Manual (WSDOT, 1995). 

In establishing the grassed swale, it is important to check that the swale has sufficient conveyance to drain large 
rainfall event. Depending on the applicable state or local ordinance this might be as large as the 25-year event. This 
requirement will establish the minimum size of any culverts and maximum size of any low-flow weirs placed in the 
swale. 

Maintenance Considerations 

Maintenance efforts and costs for swales are minimal (Schueler, 1992). Periodic maintenance for dry/wet swales 
should primarily focus on removing accumulated materials (e.g., sediment and trash or debris). Sediment build-up 
within the bottom of the swale should be removed when it has accumulated to the point where it occupies 
approximately 25 percent of the original design volume (Claytor and Schueler, 1996) or when the depth of sediment 
exceeds 101.6 mm (4 in) (Young et al., 1996). For publicly maintained swales, planners should anticipate removing 
sediment from 3 to 10 percent of the total swale length for each year of operation (Urbonas et al., 1992). 

Maintenance of dry swales includes steps to ensure a vigorous and healthy grass growth. This includes periodic 
mowing to keep grasses at acceptable levels and minimize the growth of successional vegetation. The frequency of 
mowing varies with location, but it is recommended that the maximum height of the grass be between 7.62 and 10.2 
cm (3 and 4 in) (Claytor and Schueler, 1996). Growth established above the sustained waterline in wet swales must 
also be maintained; wetland growth will colonize those areas below the waterline. Unfortunately, there is no firm rule 
for establishing when and where vegetation must be managed so it does not interfere with the basic function of the 
wet swale. For both dry and wet swales, it is important to avoid the use of herbicides and fertilizers. Particularly in 
urban areas, the low-lying nature of swales makes them a likely collector of unsightly litter, which must be removed 
by hand. It is recommended that twice-a-year inspection be performed for litter (Urbonas et al., 1992). One source 
gives the annual cost of maintaining a grassed swale (in Wisconsin) at between $1.90 and $4.10 (1995 dollars) per 
linear meter ($0.58 and $1.25 per linear ft) (SWRPC, 1991). 

Cost Considerations 

Dry and wet swales are considered moderate and low-cost BMPs, respectively. The principal cost difference 
between the two swale designs arises from the cost of installing highly permeable soils and underdrain systems in a 
dry swale. The construction cost per hectare served is typically around $3,700 ($1,500 per acre served) based on a 
nearly flat dry swale with a 3.05 m (10 ft) bottom width, 3:1 side slopes, and a ponding depth of 0.31 m (1 ft). This 
cost estimate excludes real estate, design, and contingency costs. This unit cost value should be used for 
conceptual cost estimating only. The cost of a dry/wet swale can also be inferred from the cost of a traditional grass 
swale, which typically ranges between $16 and $49 per linear meter ($5 and $15 per linear foot) depending on local 
conditions, swale dimensions, and the degree of internal storage (i.e., check dams) provided (Schueler, 1992). 
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Stormwater Best Management Practices in an Ultra-Urban 

Setting: Selection and Monitoring 

Fact Sheet - Filter Strips 

Filter strips, also known as vegetated buffer strips, use biological and chemical processes to filter stormwater runoff. 
Water flows in a sheet across the vegetated area, and is treated by infiltration into the soil and uptake by plants 
(Figure 20). Small berms may be installed at the downslope edge of the filter strip so that the water can be detained 
and infiltrated into the underlying soils. 

Figure 20. Typical filter strip (adapted from Claytor & Schueler, 1996) 

 

 

Filter strips are not designed to attenuate peak stormwater flows, but can be an effective water quality measure. A 
dense vegetative cover, long flow length, and low gradient provide the most efficient removal rates. 
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Applicability 

Filter strips are appropriate only where ample room exists for installation. There must be sufficient flow length and 
gradient to adequately treat the stormwater. In the ultra-urban environment, they have limited application due to the 
required flow length. The primary highway application for vegetative filter strips is along rural roadways where runoff 
that would otherwise discharge directly to a receiving water first passes through a filter strip before entering a 
conveyance system (WSDOT, 1995). 

A filter strip is commonly operated as a pre-treatment BMP located upstream of other BMPs capable of greater 
pollutant removal rates. As a stand-alone BMP, filter strips can only treat the lowest intensity rainfall events. While 
providing water quality treatment for small frequent storms, filter strips operating as on-line facilities must still retain 
the ability to convey high runoff rates from the roadway when high-intensity storms occur. Filter strips cannot treat 
high-velocity flows and do not provide enough storage or infiltration to effectively reduce peak discharges to 
predevelopment levels (Schueler, 1992). 

By design, filter strips are relatively flexible BMPs; the gradient, width, and length can be set based on local 
constraints. In most applications, filter strips are placed perpendicular to roadways and, therefore, may make 
highways safer by providing stopping distance for any vehicles that may leave the roadway. Filter strips are 
practically vandal-proof and add an aesthetic value to roadside areas as long as they are maintained and litter and 
debris are regularly removed. In most cases, however, site constraints will restrict their use in ultra-urban areas. 

Effectiveness 

There is relatively little data on the effectiveness of filter strips on urban stormwater runoff. In one study, moderate 
to high removal rates were found for a 45.7-m-long (150-ft-long) grass filter strip treating urban runoff, but only 
mediocre pollutant removal occurred with a 22.9-m-long (75-ft-long) grass filter strip (Yu et al., 1993). Slope length 
and slope are also related to sediment removal efficiency (Wong and McCuen, 1982). These results are different 
from applications in agriculture, where much shorter grass strips have been found to work acceptably for agricultural 
runoff. Additional data on pollutant removal effectiveness is shown in Table 16. 

Pretreatment is not considered crucial to the removal performance of filter strips unless there is sufficient loading of 
pollutants (e.g., sand, oil and grease) to harm the vegetated surface. Designers should note that field surveys 
indicate many filter strips lack good vegetative cover, are subject to excessive sediment deposition, or are short-
circuited by channels formed by concentrated flow (i.e., rill development). This is particularly true for filter strips 
employed in urban areas, where runoff concentrates very quickly (Claytor and Schueler, 1996). Furthermore, it is 
expected that there will be seasonal differences in filter strip performance in seasonal climates, where plant growth 
will be dormant and thinned. Cold winter temperatures will freeze the soil surface and prevent runoff infiltration into 
soils. Filter strips are not recommended for arid areas where sustaining growth is difficult. 

Filter strips provide relatively low rates of pollutant removal and are most effective for total suspended solids (TSS), 
with approximately 70 percent removal. It has been estimated that filter strips can remove approximately 10 percent 
of total phosphorus (TP), 30 percent of total nitrogen (TN), and between 40 and 50 percent of suspended metals. 
During large rainfall events, filter strips provide marginal treatment and may in fact become sources of erosion. 

Siting and Design Considerations 

The most important features of the filter strip that dictate effectiveness are the slope of the vegetated surface, the 
length of the vegetated surface, the uniformity of the surface, and the density of plant growth. 

Table 16. Pollutant removal effectiveness for filter strips (%)

Study TSS TP NO3 Lead Zinc Comments

Yu and Kaighn (1992) 27 22 6 2 17 18-foot flow length1

 67 22 8 18 46 50-foot flow length

 68 33 9 20 50 150-foot flow length

1 Flow length is distance traveled uphill to downhill on surface of the filter strip.
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First, slope constraints exist for filter strips; most sources recommend that the surface slope be between two and six 
percent (Claytor and Schueler, 1996). Designers should note that with steeper slopes it becomes difficult to meet 
other design recommendations such as having a peak flow velocity of 0.27 m/s (0.9 ft/s) and a desired hydraulic 
residence time of nine minutes (Young et al., 1996). In addition, there are suggested flow length limits for filter 
strips, such as a minimum flow length (uphill to downhill) of 7.6 m (25 ft) (Claytor and Schueler, 1996). Field 
monitoring found that limited pollutant removal occurred in an urban application when the flow length was 23 m (75 
ft); moderate to high removal of pollutants was found to occur for a filter strip with twice the flow length (45.7 m [150 
ft]). 

There are also recommended limits on the size of the service area served by the filter strip. The maximum 
recommended overland flow distance starting at the uphill edge of the filter strip and going uphill in the service area 
should not be more than 23 m (75 ft) for an impervious service area or 45.7 m (150 ft) for a pervious service area. 
However, various states have developed local limits or design requirements for filter strips. The Washington State 
Department of Transportation suggests that filter strips be used to treat runoff from roadways with a maximum of 
two lanes, and for a roadway with average daily traffic of less than 30,000 vehicles (WSDOT, 1995). The Colorado 
Department of Transportation sets the maximum flow depth on the filter strip at 0.64 cm (0.25 in) (CDOT, 1992). 

To be effective, filter strips require sheet flow across the entire strip. Once flow concentrates to form a channel, it 
effectively short-circuits the filter strip. Unfortunately, this usually occurs within a short distance for filter strips in 
urban areas. It is difficult to maintain sheet flow over a distance of 45.7 m (150 ft) for pervious areas and 23 m (75 ft) 
for impervious areas. This may be due in part to the inability to obtain evenly compacted and level soil surfaces 
using common construction methodology. For some applications, a level spreader can be used to help ensure even 
distribution of stormwater onto the filter strip. To help maintain a uniform soil surface, some designs divert runoff 
from storms greater than the 2-year rainfall around the filter strip to avoid erosion and rill development. 

During the construction phase, the topsoil should be of good quality and the subsoil should be tilled to reduce 
erosion and promote establishment of vegetation. Soil amendments such as lime, fertilizer, and organic material 
may be required. 

Designers considering the application of filter strips can roughly estimate they need a filter strip 177 m (580 ft) wide 
by 23 m (75 ft) long (uphill to downhill) to manage a 0.4 ha (1 ac) service area (100 percent imperviousness). For 
those seeking design examples and additional information, several good sources are available, including Design of 
Stormwater Filtering Systems (Claytor and Schueler, 1996), Urban Drainage Design Manual Hydraulic Engineering 
Circular 22 (Brown et al., 1996), Evaluation and Management of Highway Runoff Water Quality (Young et al., 1996), 
and Highway Runoff Manual (WSDOT, 1995). 

Maintenance Considerations 

In general, maintenance efforts and costs for filter strips are small. Periodic maintenance for filter strips is primarily 
focused on ensuring a vigorous and healthy plant growth, preventing the formation of rills and gullies, and removing 
debris and litter. Of these items the most significant, costwise, is periodic mowing to keep grasses at acceptable 
levels and to minimize the growth of successional vegetation. It is recommended that mowing be performed 
perpendicular to the slope to help minimize the development of rills. For filter strips, it is important to avoid the use 
of herbicides and fertilizers on grassed portions of the strip, since these applications can directly contribute 
undesirable pollutants to waterways. 

Filter strips can last for 10 to 20 years with proper conditions and regular maintenance. Proper maintenance is 
defined as those operations needed to ensure that uniform sheet flow and dense vegetation are maintained. For 
example, in locations where sanding of roadways or parking lot areas occur, it may be necessary to scrape away 
sediment build-up at the edge of the pavement to maintain even inflow to the filter strip. It is also recommended that 
maintenance of the filter strip be performed twice a year to patch any bare spots and fill and replant any rills that are 
forming. 

Cost Considerations 

Filter strips are low-cost BMPs. The principal cost to install is related to earth moving construction costs and planting 
costs. The cost for vegetative establishment, in 1995 dollars, is approximately $5,000 per ha ($2,000 per ac) for 
establishing an area by hydroseeding (Schueler, 1987). This does not include real estate, design, and contingency 
costs. Costs for sodding and planting of woody vegetation are significantly higher. (Note, that this unit cost value 
should be used for conceptual cost estimating only.) 
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Stormwater Best Management Practices in an Ultra-Urban 

Setting: Selection and Monitoring 

Fact Sheet - Infiltration Basin 

An infiltration basin is a shallow depression created by excavation or berming that captures stormwater and stores it 
until it can infiltrate into the soil (Figure 5). Infiltration basins typically serve drainage areas from 2 to 20 ha (5 to 50 
ac). In an ultra-urban setting it is strongly recommended that they be used in an off-line configuration because 
sediment accumulation and particulates from stormwater runoff can clog the system. The principal advantages of 
infiltration basins are that they help preserve the natural water balance of a site, they can serve large or small 
developments, and they can be integrated into a site's landscaping or open space. If the area served is less than 2 
ha (5 ac), an infiltration trench is usually the preferred BMP. 

Figure 5. Schematic of an infiltration basin design (Young et al., 1996) 

 

Infiltration basins provide the majority of treatment by processes related to soil infiltration, which include absorption, 
precipitation, trapping, straining, and bacterial degradation. That the soils below infiltration basins are effective filters 
is best indicated by the tendency for these soils to clog if heavily loaded with oil, grease, and sediment. The extent 
of sorption and filtration is a function of the soil type; for example, highly permeable soils (i.e., sandy soils) usually 
have low cation exchange capacities (CECs, or the affinity for capturing positively charged pollutants). The majority 
of infiltration basins are placed in highly permeable soils. However, as the basin is used, fine material suspended in 
stormwater is captured within the natural soil, creating a more effective straining matrix and potentially increasing 
pollutant removal. There is limited information available on chemical/biological changes in the soils surrounding 
infiltration basins and the extent to which the soils operate aerobically and anaerobically. 
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Applicability 

Infiltration basins are appropriate only where there is ample room for installation. The basin can occupy an area 
between two and four percent of the upstream impervious area, but can be placed in confined spaces if necessary. 
These facilities are ideal for siting in interchanges and areas adjacent to roadways. The primary highway application 
for an infiltration basin is along roadways where runoff conveyed in a grassed swale can be diverted into the basin 
in areas where groundwater is not used for drinking purposes. 

Infiltration basins are a relatively inflexible BMP primarily because a successful design requires soils with a 
reasonably high infiltration rate. If a high-infiltration-rate soil is not present, then the surface of the basin will become 
prohibitively large. If the proper soils are present, the designer is free to establish the basin width and length based 
on local constraints. Infiltration basins can be any shape; in fact, many review agencies are advocating 
nonrectangular shapes, which create aesthetically pleasing earth forms. Infiltration basins add an aesthetic value to 
roadside areas as long as they are maintained and litter and debris are regularly removed. 

Effectiveness 

Effectiveness is a function of the fraction of stormwater infiltrated. The amount of stormwater that bypasses the 
system due to overflow during large storm events or that cannot be absorbed by the system determines infiltration 
effectiveness. To date, only limited data are available on the intensity and amount of pollutants discharged to 
surficial groundwater aquifers from infiltration basins. Removal rates (in percent) reported for three different design 
sizes are shown in Table 8. 

In variable climates, harsh winter temperatures can freeze the infiltration basins and when frozen, infiltration basins 
will not provide pollutant removal. Local meteorologic records should be obtained to verify the mean monthly 
average low temperature remains above freezing. 

Siting and Design Considerations 

Infiltration basins can be installed where there is sufficient surface area and soil infiltration capacity. Given the 
general lack of open surface area in the ultra-urban setting, infiltration trenches are generally more applicable than 
infiltration basins. However, infiltration basins can be employed wherever large redevelopment efforts are planned 
or along roadways where there is sufficient right-of-way available. 

Groundwater is one key issue in siting infiltration basins. For ultra-urban applications, the surface aquifer under 
many municipalities is not used as a drinking water source, however, in some areas it is the surface aquifer directly 
connected to a drinking water aquifer. Nevertheless, most states or municipalities have developed rules regarding 
the placement of any facilities that discharge to the groundwater, which must be researched by the designer. As a 
general rule a minimum buffer between the basin invert and the seasonal high groundwater level of 0.6 to 1.2 m (2 
to 4 ft) is typically used in the eastern United States in areas where water table depths are relatively shallow, while 3 
m (10 ft) is the buffer distance used in some western states (Dorman et al., 1996). Infiltration basins can be 
designed in a number of ways. Often, infiltration basins are designed as stand-alone facilities to provide water 
quality management-a design that infiltrates the 2-year runoff event. As an alternative, infiltration basins are 
sometimes combined with detention ponds to provide both stormwater quality and quantity management. This 
arrangement yields multiple benefits: the detention pond provides pretreatment for the basin and provides flood 
protection, and the infiltration basin can be located off-line, where it is protected from high flows (Young et al., 
1996). 

Pretreatment is considered crucial to sustaining the performance of infiltration basins; infiltration basins are often 
preceded by detention ponds, grassed swales, and filter strips. Additional design examples and information can be 
found in Urban Drainage Design Manual Hydraulic Engineering Circular 22 (Brown et al., 1996), Evaluation and 

Table 8. Estimated pollutant removal effectiveness for infiltration basins (%)

TSS TP TN Metals BOD Bacteria Comments

75 50 - 55 45 - 55 75 - 80 70 75 Capture of 12.7 mm (0.5 in) of runoff (first flush)

99 65 - 75 60 - 70 95 - 99 80 90 Capture of 25.4 mm (1 in) of runoff

90 60 - 70 55 - 60 85 - 90 80 90 Capture of 50.8 mm (2 in) of runoff

Source: Schueler (1987).
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Management of Highway Runoff Water Quality (Young et al., 1996), and Design and Construction of Urban 
Stormwater Management Systems (ASCE, 1992). 

The performance of infiltration basins can be improved by keeping the infiltration area large, ensuring the bottom is 
flat, and vegetating with a dense turf of water-tolerant grass (Livingston, 1995). The actual size of the basin footprint 
is dependent on long-term meteorologic trends, the site's demonstrated minimum infiltration rate, and the 
dewatering time. 

Construction activities will greatly affect the performance of infiltration basins and the potential for failure. It is critical 
to install the basin only after the construction site has been stabilized to minimize introduction of fine sediment into 
the basin. In one study, approximately 40 percent of the investigated basins had partially or totally clogged within 
their first few years of operation. Many of these systems failed almost immediately after construction (MDE, 1986). 
During excavation, compaction of the bottom and sides of the infiltration basin must be minimized by using vehicles 
equipped with oversized tires. The infiltration basin should be marked off or bermed prior to any construction activity 
to ensure vehicle entrance to the footprint area is not possible. 

Maintenance Considerations 

Routine and nonroutine maintenance is required to keep infiltration basins operating effectively. Infiltration basins 
should be inspected following major storms, especially in the first few months after construction. If stormwater 
remains in the system beyond the design drawdown time (typically 72 to 96 hours), either the infiltration capacity 
was overestimated or maintenance is needed. 

Routine, periodic maintenance typically involves moderate costs. Periodic maintenance includes removing debris 
(litter, leaves, brush), mowing the sides and bottom once growth exceeds 0.3 m (12 in) in height, and revegetating 
eroded or barren areas. However, mowing is not necessary to maintain performance. If mowed, grass clippings 
should be removed to prevent clogging of the surface. It is recommended that the side wall slope be 3 (horizontal) 
to 1 (vertical) or flatter to help sustain vegetation, permit access for maintenance, and ensure public safety and ease 
of mowing. However, side slopes of 2:1 have been used successfully. 

Occasionally, nonroutine maintenance or basin rehabilitation may be required, which can be costly, if clogging 
occurs. As a part of nonroutine maintenance, deep tilling every 5 to 10 years to break up the clogged surface layers 
followed by regrading and revegetating is recommended. This may include removing any accumulated sediment; 
sediment removal should be performed only when the soil surface is in a very dry condition to avoid compaction of 
the basin bottom (Livingston, 1995). For infiltration basins it is important to avoid the use of herbicides and fertilizers 
on grassed portions of the strip since these applications can directly contribute undesirable pollutants to waterways. 

Cost Considerations 

Infiltration basins are moderate-cost BMPs. The principal cost to install relates to earth moving and construction 
costs and installation of inlet systems. The construction cost can be estimated from the following equation, where V 
is the volume of stormwater managed in cubic meters (Schueler, 1987): 

C = 13.9 ( V / 0.02832 )0.69

 

Note that the cost estimate obtained should be used for conceptual cost estimating only and is in terms of 1995 
dollars. 
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Stormwater Best Management Practices in an Ultra-Urban 

Setting: Selection and Monitoring 

Fact Sheet - Infiltration Trench 

An infiltration trench is an excavated trench that has been lined and backfilled with stone to form a subsurface 
basin. Stormwater runoff is diverted into the trench and is stored until it can infiltrate into the soil, usually over a 
period of several days. Infiltration trenches are very adaptable BMPs, and the availability of many practical 
configurations make it ideal for small (less than 4 ha [10 ac]) urban drainage areas, such as ultra-urban sites. 
Infiltration trenches can be either on-line or off-line systems. They are most effective and have a longer life cycle 
when some type of pretreatment is included in their design. Pretreatment may include techniques such as vegetated 
filter strips or grassed swales. 

Infiltration trenches provide the majority of treatment by processes related to soil infiltration, which include sorption, 
precipitation, trapping, filtering, and bacterial degradation. That the soils surrounding infiltration trenches are 
effective filters is best indicated by the tendency for these soils to clog if heavily loaded with oil, grease, and 
sediment. The extent of sorption and filtration is a function of the soil type; for example, highly permeable soils (i.e., 
sandy soils) usually have low cation exchange capacities (CECs, or the affinity for capturing positively charged 
pollutants). However, as an infiltration trench is used, fine material suspended in stormwater is captured within the 
natural soil, creating a more effective filtering matrix and increasing the pollutant removal. Based on the limited 
information available on chemical/biological changes in the soils surrounding infiltration trenches, the 
soil/stormwater interaction is complicated and site specific. It is difficult to generalize regarding the extent to which 
the soils operate aerobically or anaerobically. 

Applicability 

Infiltration trenches are appropriate for ultra-urban applications, particularly subsurface designs that are covered 
with grating or pavement (Figure 3). Essentially all of the surface above a subsurface infiltration trench can be used 
as parking or public areas. Unfortunately, subsurface infiltration trenches are relatively expensive BMPs; the 
expense is due to construction of an underground vault, which must be placed among other subsurface utilities. 
Surface trench designs can be moderately expensive BMPs and can be easier to construct and operate, but they 
require greater space commitments because they are usually combined with area-intensive pretreatment such as 
grass filter strips (Figure 4). Surface infiltration trench designs are better suited to roadside application where space 
is at less of a premium. 

Figure 3. Underground trench with oil/grit chamber (adapted from Schueler, 1987) 
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Figures 3 and 4 indicate only two of many possible configurations. Both of these configurations illustrate the 
essential design features, which include pretreatment of runoff to minimize sediment loading, stormwater storage in 
a subsurface trench filled with stone, and discharge of all captured stormwater into underlying ground layers. 

Figure 4. Median strip trench design (adapted from Schueler, 1987) 

 

Both configurations shown in Figures 3 and 4 are complete trench designs or designs that discharge all treated 
stormwater into a highly permeable underlying soil trench. Where a complete trench design is undesirable or not 
feasible, a partial trench design can be employed to infiltrate only a portion of the stormwater runoff. Partial trench 

Page 2 of 5Ultra-Urban BMP - FHWA

5/7/2009http://www.fhwa.dot.gov/environment/ultraurb/3fs1.htm

206



designs may incorporate an underdrain system placed several feet below the invert to intercept exfiltrating 
stormwater. This approach enables trench placement where there are relatively impermeable soils or there is a 
confining soil layer. As an alternative, a partial trench design can integrate a discharge pipe that limits the storage 
depth in the trench and routes all surplus stormwater to an outlet. The principal advantage of this design is it permits 
diversion of high flows and if the soils become clogged stormwater can still be discharged. Partial trenches can also 
be used as off-line facilities and can easily be retrofitted onto existing subsurface storm drains. 

Effectiveness 

For infiltration trenches, effectiveness is solely a function of the amount of stormwater infiltrated; that is, the only 
pollutants not treated are those associated with the stormwater that bypasses the trench and are not infiltrated. The 
pollutants discharged to surficial groundwater aquifers are not generally accounted for in reported removal rates. 
Projected removal rates reported for two different designs are shown in Table 7. 

In variable climates, harsh winter temperatures can freeze the water in infiltration trenches and eliminate the ability 
of the trench to store and infiltrate water. It is recommended that information on the soil freeze depth be obtained 
and the trench invert be located below this depth. 

Siting and Design Considerations 

For most ultra-urban applications designers should look for soils with high percolation rates below the proposed 
trench invert, surficial groundwater aquifers that are not used for drinking purposes, and ample clearance over 
bedrock. A range of recommendations have been made regarding the minimum permeability of the soil surrounding 
the infiltration trench; some suggest a minimum infiltration rate of 12.7 mm/h (0.5 in/h) (Yu and Kaighn, 1992; 
Schueler et al., 1992), but some states accept minimum values of 6.9 mm/h (0.27 in/h) (MDE, 1986). Minimum 
infiltration rates between 6.9 and 12.7 mm/h (0.27 and 0.50 in/h) are usually associated with loamy sand, sandy 
loam, loam, and silt loam texture soils; however, site-specific infiltration rates are a function of more than the soil 
texture. It is recommended that site-specific infiltration be measured in soils located below the proposed invert of the 
infiltration trench. In addition, soils should be examined to a depth at least 1.52 m (5 ft) below the proposed invert to 
identify if there are any underlying impermeable soil layers (clay lenses, fragipans, or hardpans). It should be noted 
that ultra-urban developments are frequently placed on disturbed cut/fill soils. This greatly increases the importance 
of site-specific infiltration testing. 

Designs can be sized to manage a range of runoff volumes to meet specific water quality and quantity objectives. 
Small-scale units can be designed just to manage the first flush runoff volume; these designs are sometimes 
referred to as water quality exfiltration systems. Conversely, the size of the trench can be increased to significantly 
decrease the postdevelopment runoff rates and limit flooding. 

While placing infiltration trenches in low permeability soils is questionable, trench designs can be made to work in 
lower infiltrating soils, but the surface area or size of the trench may become prohibitively large. Designers should 
note that the invert of the infiltration trench should be at least 1.22 m (4 ft) above underlying bedrock and at least 
1.22 to 2.44 m (4 to 8 ft) over the seasonal high groundwater elevation (Yu and Kaighn, 1992). The trench bottom 
should be rototilled after excavation. The addition of a sand filter layer at the trench bottom should be considered to 
facilitate movement of water between the stone storage area and the subgrade. Designers considering application 
of infiltration trenches can roughly estimate 121 m2 (1300 ft2) of trench bottom area (a 1.22 m [4 ft] deep trench) is 
needed to store 12.7 mm (0.5 in) of runoff from a 0.4 ha (1 ac) impervious service area. In addition, the minimum 
recommended drain time is 24 hours and the maximum recommended drainage time is 72 hours. Finally, it is 
recommended that trenches should be located a minimum of 3.05 m (10 ft) downgradient and 30.5 m (100 ft) 
upgradient of any buildings and the ground slope should be less than 20 percent. There are several good sources 
available for detailed design and construction procedures and information, including Urban Drainage Design Manual 
Hydraulic Engineering Circular 22 (Brown et al., 1996), Evaluation and Management of Highway Runoff Water 
Quality (Young et al., 1996), and Maintenance of Stormwater Management Structures (MDE, 1986). 

Table 7. Estimated pollutant removal effectiveness for water quality trenches (%)

TSS TP TN Metals BOD Bacteria Comments

75 50 - 55 45 - 55 75 - 80 70 75 Capture of 12.7 mm (0.5 in) of runoff (first flush)

90 60 - 70 55 - 60 85 - 90 80 90 Capture of 50.8 mm (2 in) of runoff

Source: Schueler (1987).
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Maintenance Considerations 

If appropriate sediment removal pretreatment is not provided, the life expectancy of an infiltration trench may be 
only five years (Schueler et al., 1992) due to the pore space and trench bottom becoming clogged. With proper 
regular maintenance, however, a trench may last as long as 10 or 15 years before major rehabilitation of the trench 
is required (Schueler, 1987). Following installation, frequent inspections are recommended at first, but these can be 
decreased to twice per year. These inspections should look into water levels in the infiltration trench, clogging of 
inlets or outlets, and accumulation of sediment in upstream pretreatment units. Immediate failure of the trench might 
occur if sediment is not directed away from the trench area during construction. Consequently, it is recommended 
that all upstream areas be stabilized before the trench is constructed. 

Failure of an infiltration trench is determined by the continued presence of pooled water three days after rainfall has 
ended. A failure of this type leads to removal or replacement of part or all of the rock backfill. Surface infiltration 
trench rehabilitation can be estimated to cost approximately 20 percent of the initial construction costs, whereas 
rehabilitation of an underground trench can exceed the initial construction cost (Young et al., 1996). Clearly, proper, 
regular maintenance is essential to avoid costly trench rehabilitation. 

Numerous design features can simplify maintenance. An example includes placing a filter fabric on top of the rock 
media, which can easily be stripped off when it is full of debris. 

Cost Considerations 

Infiltration trenches are most cost-effective for small drainage areas where space is at a premium and the water 
quality storage volume is less than 280 m3 (10,000 ft3 or approximately 12.7 mm [0.5 in] of runoff from 2 ha [5 ac]). 
Trench construction costs (1995 dollars) can be estimated using the following equation where V is the storage 
volume in cubic meters (Young et al., 1996): 

C=1317.1 V0.63

 

This cost estimation is valid only for trenches that have storage volume on the order of 280 m3 (10,000 ft3). This 
formula does not include the cost of special inlets or grass filters for pretreatment of runoff but does include costs for 
excavation, backfill, filter cloth, inlet and outlet pipes, and fixtures. 
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Stormwater Best Management Practices in an Ultra-Urban 

Setting: Selection and Monitoring 

Fact Sheet - Manufactured Systems 

Cylindrical access hole and box structure stormwater treatment devices have become increasingly popular for the 
removal of particulate matter normally found in stormwater runoff. The two main treatment mechanisms are vortex 
motion particle and particulate settling and oil-water separation. The devices operate by intercepting a portion of the 
flow traveling through the storm drain system and using a vortex motion and/or conventional settling chamber to 
separate out large sediments and oils. Two common types of access hole treatment devices include the 
Stormceptor® and the Downstream DefenderTM. An example of a box-type treatment unit is the VortechsTM 
Stormwater Treatment System. Figures 23, 24, and 25 show the Stormceptor®, Downstream DefenderTM, and 
VortechsTM treatment devices, respectively. 

Figure 23. Storm ceptor® operation during average flow conditions 
(Storm ceptor®, 1995) 

 

  

Figure 24. Downstream Defender TM (H.I.L. Technology, 1996)
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Figure 25. Vortechs TM Stormwater Treatment System

 

(Vortechnics, 1996) 
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The Stormceptor® and Downstream DefenderTM can be designed to retrofit an existing stormwater access hole 
structure or be designed as a new storm drain system. Each of the devices is designed to treat low to moderate 
storm flows. The incoming stormwater and pollutants enter a diversion chamber and are diverted into the lower 
chamber for treatment. While oils and floatable particulate matter rise to the surface, sediments settle out to the 
bottom. During peak or high flows, the excess stormwater bypasses the lower treatment chamber and flows directly 
to the downstream storm drain system. 

The Stormceptor® is divided into two water quality chambers designed for removal of the oil and sediment normally 
found in urban stormwater runoff. Stormwater flows into the upper chamber and is diverted by a V-shaped weir 
down a drop pipe and into the lower chamber. The flow is then redirected horizontally around the circular walls of 
the lower chamber and through an outlet pipe. The inlet drop pipe and outlet riser pipe are set at the same elevation 
to provide storage for oil and sediment within the lower chamber. 

The Downstream DefenderTM operates by introducing stormwater into its cylindrical base, where the runoff spirals 
down the perimeter, allowing the larger sediments to settle out. The internal components of the Downstream 
DefenderTM allow oils, grease, and floatables to be trapped. Unlike the conventional oil/grit separator unit, the 
Stormceptor® and Downstream DefenderTM are designed to prevent the resuspension of sediment, thereby 
providing actual removal during every storm event. 

The VortechsTM system consists of four chambers. The first chamber is termed the grit or swirl chamber. Settleable 
particles are swept to the center of this chamber, where they are induced to settle out. The higher the flow rate 
through the system, the greater the strength of the vortex settling motion. Particles eventually migrate toward the 
center of the cylindrical chamber, where velocities are low and conditions are tranquil. The particles remain trapped 
until the system is cleaned. The first chamber is designed to prevent wash-outs that occur in conventional water 
quality inlet devices. The second chamber is the oil chamber. The oil barrier traps floatables, oils, and grease. 
Unlike conventional oil traps that lack flow controls and extra tank capacity, the VortechsTM system is designed to 
handle most flow surges. The third chamber is the flow control chamber, which is designed to reduce forces that 
encourage resuspension and wash-out. During conditions of intense storm surge through the unit, the low-flow 
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control within the VortechsTM system causes the inlet pipe to become submerged. This process floats oily 
constituents up above the inlet pipe and out of the influent stream; thus, oils and grease are kept within the trap. 
The fourth chamber is the outlet chamber. 

Applicability 

The Stormceptor® and Downstream DefenderTM treatment systems are used primarily for treatment of stormwater 
runoff from impervious surfaces. The devices are ideal for use in ultra-urban settings since each is composed of a 
precast structure that is installed beneath the ground and can either be retrofitted to an existing storm drain system 
or replace a proposed access hole in a storm drain system. The structures are designed to capture and treat a 
portion of the flow that enters into the storm drain system; however, the volume of runoff treated is limited to the 
available volume in the lower chamber structure. Because of this, Stormceptor® and Downstream DefenderTM 
might treat less than a typical water quality treatment volume and should be placed at the beginning of the storm 
drain line for maximum treatment efficiency. The Stormceptor® and Downstream DefenderTM treatment devices do 
not significantly reduce either biological or nutrient pollutants that are not sorbed to particles (Weatherbe, et al., 
1995; Bryant, et al., 1995; H.I.L. Technology, 1996). 

The VortechsTM system is designed to counter the resuspension problem associated with conventional oil/grit 
separator water quality inlets. Data for a VortechsTM system obtained through in-field monitoring of an actual 
installation in Freeport, Maine, showed that particulate matter within the unit increased over a 20-month period 
(Vortechnics, 1996). 

Effectiveness 

There are only a few independently verified studies of the effectiveness of manufactured systems. Field testing at 
over 21 installed and operating Stormceptor® units in the Toronto, Canada, area has shown that 86 percent of the 
trapped sediments were in the clay and silt particle size range (Weatherbe, et al., 1995). The average annual 
accumulation rate was determined to be about 0.70 m3/ha (0.37 yd3/ac) of land. Unlike conventional oil/grit 
separators, the study showed that the accumulation was increasing over time. This was important because it 
showed captured sediments (both fine and coarse) were not being resuspended by subsequent storms. On 
average, monitoring studies have reported a 96 percent removal of oil, 83 percent removal of sand, and 72 percent 
removal of peat. Depending on the size of the unit, treatment rates range between 7,079 and 4,201 L/min (285 and 
1,110 gal/min); all flow greater than the treatment rate is bypassed. 

Preliminary results for the Downstream DefenderTM show overall removal efficiencies in excess of 90 percent of 
particles greater than 150 microns (sand-sized particles). The device intercepts the first flush and retains floatables, 
oils, and grease. Head loss across the Downstream DefenderTM is typically less than 30.5 cm (12 in); thus 
backwater effects are generally not a problem. 

Bench-scale testing performed on the VortechsTM system showed that for silt-sized sediments, the average removal 
efficiency was in excess of 80 percent. The removal efficiency is greater for larger-sized particles. For example, for 
a single 2-month storm event in Portland, Maine, the same bench-scale test showed that the VortechsTM unit 
exhibited a removal efficiency of approximately 89 percent for sand-sized particles (Vortechnics, 1996). 

Siting and Design Considerations 

Vendors of manufactured systems are often willing to provide services to build, install, and maintain manufactured 
systems. These services frequently include technical support to design a system for a customer in the process of 
making a sale. If not carefully evaluated by the customer, however, these systems may become a problem, 
especially with respect to maintenance considerations (see below). The Stormceptor®, Downstream DefenderTM, 
and VortechsTM units are structural precast BMP water quality devices that can be installed on-line in new storm 
drain systems. The structures come in various sizes and are best suited for land uses with drainage areas of 4 ha 
(10 ac) or less. The Stormceptor®, Downstream DefenderTM, and VortechsTM systems are stand-alone BMPs and 
do not require any pretreatment; however, they can be used to pretreat stormwater runoff to other BMPs such as 
ponds, sand filters, or infiltration/exfiltration trenches. On the other hand, some BMPs, such as water quality inlets 
(see Section 3.6), should be used only for pretreatment and never as a stand-alone BMP. 

The Stormceptor® comes in eight different precast sizes and can treat 0.018 to 0.07 m3/s (0.64 to 2.5 ft3/s, 
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respectively) of stormwater runoff prior to bypass. The individual size of the Stormceptor® would depend on the 
amount of stormwater runoff expected to drain to the device. The Downstream DefenderTM comes in four different 
precast sizes and can treat 0.021 to 0.37 m3/s (0.75 to 13 ft3/s) of stormwater runoff prior to bypass. VortechsTM 
systems are sized based on required design flow rate. The precast units come in nine different sizes that handle 
flow rates between 0.04 and 0.7 m3/s (1.6 and 25 ft3/s). 

Design specifications for these manufactured systems can be obtained from their manufacturers or distributors. 
Current information is readily available on the web sites for each manufacturer. Web site addresses are: 

Stormceptor®: http://www.stormceptor.com.  
Downstream DefenderTM: http://www.hil-tech.com.  

VortechsTM: http://www.vortechnics.com.  

Maintenance Considerations 

The Stormceptor® and Downstream DefenderTM systems are access hole structures that are engineered to be 
installed within roadways in residential, commercial, industrial, or institutional areas. The access hole includes a 
built-in internal device that diverts stormwater runoff to the lower treatment chamber. Normal installations take only 
a few hours once the excavation is complete. The general maintenance procedure for the Stormceptor® is to clean 
out the unit once a year, or when 15 percent of the operating storage volume is filled with solids, or when oil levels 
reach 25 mm (1.0 in) or greater (Stormceptor®, 1996). The sediment holding capacity of the Stormceptor® units 
range from 2.12 to 20.56 m3 (2.77 to 26.87 yd3). The manufacturer of the Downstream DefenderTM recommends 
cleaning out the units at least twice a year using a conventional vacuum truck (H.I.L. Technology, 1996). 

The VortechsTM system sediment storage capacity ranges from 0.57 to 5.4 m3 (0.75 to 7 yd3), depending on the 
size of the unit. Routine inspections are necessary to schedule cleaning. The VortechsTM system can be cleaned by 
a conventional vacuum truck (Vortechnics, 1996). 

If not properly maintained, manufactured systems can become exporters of oil and grease and other constituents. 
Generally, however, manufactured systems are designed to counter the resuspension problem associated with 
conventional oil/grit separators. 

Cost Considerations 

Stormceptor® and Downstream DefenderTM units are precast manhole structures that contain a built-in diversion 
device. The structures are delivered to the site partially assembled. Contractors need only set the grade and 
alignment to properly install the units. The Stormceptor® comes in eight standard sizes, with the cost of the units 
ranging from $7,600 to $33,560. Based on the maximum impervious drainage area in hectares treated for the 60 
percent TSS removal rate, the cost per impervious hectare ranges from $9,900 to $26,800. On average, the cost of 
maintaining the system is about $300 to $500 per cleaning (pumping, dewatering, and disposing of solids). The 
expected life of the Stormceptor® is 50 to 100 years (Stormceptor®, 1996). 

Downstream DefenderTM devices are available in four standard sizes. An average cost at capacity is $44,100 per 
m3/s ($1,250 per ft3/s) (H.I.L. Technology, 1996). 

The VortechsTM unit comes in nine different sizes depending on the quantity of stormwater for treatment. The 
average cost is $52,900 to $123,500 per m3/s of capacity ($1,500 to $3,500 per ft3/s) (Vortechnics, 1997). 
Installation costs for all of the structures are site-dependent but generally run about 25 to 35 percent of the unit cost 
of the structures. 
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Stormwater Best Management Practices in an Ultra-Urban 

Setting: Selection and Monitoring 

Fact Sheet - Oil/Grit Separator Units 

The typical oil/grit separator (OGS) unit operates by settling sediment and particulate matter, screening debris, and 
separating free surface oils from stormwater runoff. The unit typically consists of three or four chambers. Figure 21 
is a schematic of a typical water quality oil/grit separator unit. In the case of a conventional OGS unit, the first 
chamber, termed the grit chamber, is designed to settle sediment and large particulate matter; the access from the 
first chamber to the second chamber is covered with a trash rack, which operates as a screen to prevent debris 
from passing through to the second chamber. The second chamber, termed the oil chamber, is designed to trap and 
separate free surface oils and grease from the stormwater runoff. The third chamber houses the stormwater outlet 
pipe that discharges the overflow to the storm drain system. 

Figure 21. Schematic of an oil/grit separator (OGS) 
(adapted from Schueler, 1987) 

 

Most OGS units are designed to be placed in highly impervious parking areas that drain about 0.4 ha (1 ac). Results 
from one OGS study conducted in the State of Maryland showed that the treatment capacity of most conventional 
OGS units inventoried was less than 5.1 mm (0.2 in) of runoff for the service area (Schueler and Shepp, 1993). 
Because of the limited retention capacity, conventional OGSs are not capable of removing large quantities of 
stormwater constituents. Instead, they are designed and implemented to control hydrocarbons, debris, large organic 
matter, and coarse sediments that are commonly associated with heavily traveled parking areas. 

Applicability 

The OGS unit is designed to trap and settle large sediments and particulate matter, debris, and hydrocarbons from 
highly impervious areas such as parking lots, gas stations, loading docks, and roadside rest areas. The OGS unit is 
constructed beneath the surface of the impervious area, and as such does not require additional space. Because of 
this, it can be easily retrofitted into existing impervious land use conditions, which makes it suitable for ultra-urban 
environments. Results from an OGS study in the State of Maryland have shown that detention times for 
conventional OGS units are generally less than 30 minutes during storm events (Schueler and Shepp, 1993). 
Trapped sediments and particles tend to resuspend during subsequent storms and exit the chambers. Because 
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settling and trapping are temporary, actual pollutant removal occurs only when the units are cleaned out. Therefore, 
these devices are best suited for an off-line configuration where only a portion of the first flush is treated by the unit 
and clean out occurs after every major storm event. A study produced by the Metropolitan Washington Council of 
Governments showed that particulate matter within conventional OGS units remained the same or decreased over a 
20-month period (Shepp et al., 1992). 

Effectiveness 

Conventional OGS units have demonstrated poor pollutant removal capabilities. The primary removal mechanism of 
the OGS is settling; with short detention times, and resuspension occurring after every storm event, removal 
effectiveness is limited to what is physically cleaned out after every storm. If the unit is not cleaned after each storm, 
resuspended trace metals, nutrients, organic matter, and sediments will eventually pass through each chamber and 
into the storm drain system. 

A study performed on OGS units in the State of Maryland showed that negative sediment deposition from storm to 
storm indicated that re-suspension and washout were a common problem (Schueler and Shepp, 1993). The only 
constituent that was trapped with some efficiency in the second chamber was total hydrocarbons. This was probably 
due to the inverted siphon, which is designed to retain free surface oils and grease (Schueler et al., 1992; Schueler 
and Shepp, 1993). 

Siting and Design Considerations 

The OGS unit is a structural BMP that is easily installed in areas of high imperviousness such as parking lots, gas 
stations, commercial and industrial sites, and shopping centers, and even along roadways. The OGS unit would be 
well suited for ultra-urban environments where available land area is a major constraint. OGS units typically are 
sized for highly impervious drainage areas of less than 0.4 ha (1 ac), though up to 0.61 ha (1.5 ac) is feasible. 
Locating the units off-line would alleviate some of the problems associated with the retention and resuspension of 
pollutants. 

The OGS units are designed using a three- or four-chamber configuration. Settling of larger sediments, trash, and 
debris takes place in the first chamber. The primary function of the second chamber is to separate oils and grease 
from the stormwater runoff; some absorption of oils and grease to smaller sediments, and settling will also occur in 
the first chamber. The third chamber houses the overflow pipe. The OGS unit typically is sized based on the 
drainage area, which often includes rooftops, and the percent imperviousness of the basin. One common practice is 
to size the unit based on a design storm to provide some amount of storage. In general, OGS units are rectangular 
in shape, with the largest chamber being the initial settling chamber. Approximate dimensions for an OGS unit 
located in a parking area that drains 0.4 ha (1 ac) would be 1.82 m deep by 1.22 m wide by 4.23 long (6 ft deep by 4 
ft wide by 14 ft long) (inside dimensions). The length of the first chamber would be 1.82 m (6 ft) with 1.22 m (4 ft) for 
each of the other two chambers. 

Specific dimensions for each OGS design are dependent on site characteristics and local design storm 
requirements. Improvement in OGS performance can be achieved by extending the interior chamber walls to the top 
of the chamber, thereby eliminating recirculation and overflow from one chamber to another. In addition, placing the 
OGS off-line from the main stormwater system helps to reduce resuspension of oil and grit. 

Additional design examples and information can be found in Controlling Urban Runoff: A Practical Manual for 
Planning and Designing Urban BMPs (Schueler, 1987), and Northern Virginia BMP Handbook: A Guide to Planning 
and Designing Best Management Practices in Northern Virginia (NVPDC, 1992). Because studies have shown that 
water quality inlets are a marginal method for removing particulate matter (Schueler and Shepp, 1993), other design 
references (Claytor and Schueler, 1996) do not recommend them for sand filter pretreatment. 

Maintenance Considerations 

Very few structural or clogging problems have been reported during the first five years of OGS operation (Schueler 
and Shepp, 1993). The OGS unit should be inspected after each major storm event. Clean-out would require the 
removal of sediments, trash, and debris. In reality, OGSs are rarely cleaned out after every storm because such 
intensive maintenance is beyond most budgets. 

The removal of oily debris, sediments, and trash might require disposal as a hazardous waste. However, some local 
landfills may accept the sediment and trash if it is properly dewatered. 
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Cost Considerations 

OGS units can be either cast-in-place or precast. Precast concrete chambers are usually delivered to the site 
partially assembled and tend to cost slightly less than the cast-in-place option. The cost associated with a cast-in-
place concrete OGS unit is a function of several parameters. Excavation, gravel bedding, amount and size of rebar, 
amount of concrete and form work, and grate and clean-out access holes all contribute to the total cost of the OGS 
unit. In 1992, OGS units were reported to cost between $5,000 and $15,000 fully installed. On average, costs per 
inlet ranged from $7,000 to $8,000 (Schueler et al., 1992). 
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Stormwater Best Management Practices in an Ultra-Urban 

Setting: Selection and Monitoring 

Fact Sheet - Organic Media Filters 

There are two types of organic filter media typically used for stormwater management - peat/sand and compost. The 
use of organic media in surface or subsurface filter designs is intended to provide a higher level of stormwater 
treatment than a sand-only filter. Both of these organic media are typically installed in filters to depths between 460 
to 600 mm (18 to 24 in), and are drained by piped underdrain systems. (Figures 15 and 16 illustrate typical filter 
cross sections.) 

Figure 15. Typical peat-sand filter cross section (Young et al., 1996) 

 

  

Figure 16. Cross-section of a StormFilter siphon-actuated cartridge 
(Stormwater Management, 1998) 
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The organic media filters improve water quality through a combination of sedimentation, filtration, and adsorption 
processes. The sedimentation section located just upstream of the filter section serves as pretreatment, removing 
larger diameter suspended solids and capturing floating hydrocarbons. Partially treated stormwater then flows 
slowly into the filter section where fine-grain material is strained from stormwater as it passes through the filter 
media. 

The subsurface or underground filter design is well adapted for applications with limited land area and provides 
turnkey performance that is independent of local soil conditions, groundwater levels, and other factors. The 
underground filter design typically consists of a multi-chamber vault that is completely below grade and is covered 
with a grating or structural concrete. It is most useful for multipurpose land uses, that is, where committed land area 
will also be used for automobile parking or for public parks. The surface filter design, sometimes called the Austin 
filter, also consists of a multichambered facility. While most of the filter is located at or slightly below grade the filter 
is not covered and so requires a commitment of land area (refer to the Fact Sheets on Underground Sand Filters 
and Surface Sand Filters for additional information). 

As with other stormwater filters, the purpose of organic media filters is to manage the first flush, which typically 
contains the highest concentration of pollutants. If designed as an off-line facility, however, such filters can provide 
true capture and treatment of any water quality volume. 

A number of design variations or proprietary systems featuring organic media are currently available (e.g., CSF® 
Stormwater Treatment System, now StormFilterTM). While these systems basically use the same treatment 
mechanisms, there are differences in the size of settling areas or chambers, loading rates, and media configuration. 

Applicability 

Organic media filters can be used in underground and surface filter designs. Of these, the underground sand filter is 
considered to be more applicable to the ultra-urban setting. It requires a small commitment of land area, provides 
dependable service, and is relatively effective in removing urban pollutants. Furthermore, its design is inherently 
flexible, and the size and shape of the unit can be set based on local requirements. 

Surface filter designs can also utilize organic media and are typically less expensive to construct and maintain than 
underground filter designs. Unfortunately, surface designs typically prevent multipurpose land uses and therefore 
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are limited in their application to ultra-urban settings. In roadside settings where there is sufficient space (typically 
two to three percent of the drainage area served), a surface filter design may be preferred. 

If they are placed below the frost line, the performance of organic media filters is relatively independent of season. 
In addition, the level of treatment is generally independent of placement and in situ soil conditions do not affect 
performance. For most designs pretreatment is integrated into the filter facility in the form of a settling chamber. 
Additional pretreatment may be provided by streetsweeping to remove accumulated sand and trash, which can 
diminish the useful life of the filter. 

Effectiveness 

Organic media filters are highly efficient in removing fine-grain material (small particles in stormwater runoff between 
6 and 41 microns). As an additional benefit, organic media are capable of removing a portion of dissolved material 
found in stormwater. For example, the peat medium has a cation exchange capacity (CEC) 500 times that of sand. 
This greatly increases its ability to adsorb or capture positively charged dissolved metals and hydrocarbons, 
increasing the removal performance. 

Organic media filters have demonstrated good total suspended solids (TSS) removals, typically providing 90 to 95 
percent removal (Claytor and Schueler, 1996; Stewart, 1992). Performance for nutrients is less significant; in fact, 
the organic media may be a source of soluble phosphorus and nitrate (NO3). Total phosphorus (TP) removals range 

up to 49 percent, while variable removal of metals is typically between 48 and 90 percent (Figure 14). Removal of oil 
and gasoline averages about 90 percent (Claytor and Schueler, 1996). 

Siting and Design Considerations 

Two broad categories of organic media designs exist: (1) variations on existing sand medium filter designs and (2) 
proprietary designs that are optimized for organic media. For the first design category, organic media are simply 
substituted for sand, affecting the size of the filter portion of the facility. Information on existing sand filter designs is 
provided in the Surface Sand Filters and Underground Sand Filters Fact Sheets. These sand medium designs 
should be varied to reflect the permeability of the substituted organic media. It has been recommended in a recent 
evaluation that combination peat/sand filters be designed based on a permeability of 0.8 m/day (2.75 ft/day), or a 
value approximately 79 percent of that recommended for sand-only filters (City of Austin, 1991). On the other hand, 
compost medium filters have a wide range of permeability values depending on their age and degree of clogging. 
Designers should be aware that initial permeability can be very high (in the range of 122 m/day [400 ft/day], a value 
much higher than that used to specify the filter area); Claytor and Schueler (1996) recommend a design 
permeability value of 2.7 m/day (8.7 ft/day). Several good sources are available for detailed design procedures and 
information on underground and surface filter designs, including Design of Stormwater Filtering Systems (Claytor 
and Schueler, 1996) and Evaluation and Management of Highway Runoff Water Quality (Young et al., 1996). 

One proprietary underground design that features organic media is the CSF® Type II system, which uses cylindrical 
filter cartridges filled with a granular organic medium consisting of composted leaves. (Figure 16 illustrates a recent 
advancement in StormFilterTM technology, formerly the CSF® system.) The filter works by percolating stormwater 
through the cylindrical cartridges containing certified CSF® compost media. Because of the highly porous nature of 
the granular media, the flow through a newly installed cartridge is restricted by a valve to 57 L/min (15 gal/min). This 
allows more time for sediment to settle and ensures adequate contact time for pollutant removal. The CSF® system 
is equipped with scum baffles that trap floating debris and surface films; even during overflow conditions. A typical 
unit requires 0.67 m (2.2 ft) of drop from the inlet invert to the outlet invert. A portion of the sediment settles out in 
the area around the cylinders; more sediment, including particulate forms of nutrients and heavy metals, are trapped 
by the porous structure of the compost. Sizes range from 1.83 m X 2.44 m (6 ft X 8 ft) (treating about 284 L/min [75 
gal/min] peak flow) to 2.44 m X 5.49 m (8 ft X 18 ft) vaults (which treat about 1360 L/min [360 gal/min], or 0.023 
m3/s [0.8 ft3/s]). Housed in standard size precast or cast in place concrete vaults, the filter systems are installed in-
line with storm drains. 

Table 14. Pollutant removal effectiveness of organic filters (%)

Study TSS TP TKN NO3 Metals Comments

Stewart, 1992 95 41 56 -34 50 - 90 CSF® Type I system

Stormwater 
Management, 1994 92 49 57 -

145
48 - 81 3-year results for 

CSF® Type I system
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Maintenance Considerations 

Annual maintenance costs for organic filters vary as a function of the design used. Surface filter designs using a 
peat/sand medium require periodic mowing and removal of the grass cuttings to avoid unwanted plant growth. In 
addition, at least an annual inspection is required for this design and reseeding of the grass cover crop may be 
required. 

Filter designs that feature horizontal compost bed filters will likely be replaced every three to four years to prevent 
heavy metal concentrations from reaching levels that exceed the "clean sludge" definition under 40 CFR Part 503 
(USEPA, 1994). These designs also require removal of accumulated material and rototilling of the compost to 
reestablish the required permeability. 

Maintenance for underground designs that use organic media can be inferred from information given for sand-only 
medium filters given in the Fact Sheets for Underground Sand Filters and Surface Sand Filters. A D.C. underground 
sand filter serving a 0.4 ha (1 ac) area was serviced by removal and replacement of a gravel ballast and filter cloth, 
for $1300 in 1994 (Bell, 1996). It is reasonable to assume organic media filters would require comparable service. It 
should be noted that repair of subsurface filters requires confined space entry, which dictates larger management 
crews and a higher cost to repair than surface filters. 

The maintenance of proprietary organic media filters varies with the manufacturer; it is likely that maintenance will 
include removing accumulated material that has settled in the facility and periodic replacement of organic media 
cartridges on an annual or biennial basis. For example, manufacturers of the CSF® system indicate annual 
maintenance costs will range from $500 to $1200 (for 280 and 1360 L/min [75 and 360 gal/min] systems, 
respectively). 

Cost Considerations 

The cost of surface facilities using organic media filters is comparable to the cost of filtration facilities that use sand 
medium (with the exception of proprietary systems). For conceptual costing a price of $8,400 to $39,500 per 
impervious hectare served (or $3,400 to $16,000 per impervious acre served) can be used to estimate the 
construction cost of a proposed facility, excluding real estate, design, and contingency costs (Schueler, 1994). 

Underground filters are generally considered to be a high-cost BMP option for water quality management. The 
construction cost per hectare served is typically around $34,600 and the cost per acre served is typically around 
$14,000, excluding real estate, design, and contingency costs (Schueler, 1994). 

Drop-in CSF® vertical organic media units are typically precast vaults delivered to the site either partially or fully 
assembled. Typical cost variables include the need for ballast, type of lids and doors, customized casting of 
sections or holes, and depth of the vault. Systems treating peak flows of 280 and 1360 L/min (75 and 360 gal/min) 
have an estimated installed cost of $10,000 and $25,000, respectively (Stormwater Management, 1996). 
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Stormwater Best Management Practices in an Ultra-Urban 

Setting: Selection and Monitoring 

Fact Sheet - Porous Pavements 

Porous pavements have the potential to be an effective ultra-urban BMP. While conventional pavement results in 
increased rates and volumes of surface runoff, porous pavements allow some of the stormwater to percolate 
through the pavement and enter the soil below. 

The types of porous pavements used include porous asphalt and concrete surfaces, as well as several types of 
lattice pavers, which are hollow concrete blocks or stones (Figure 26). Porous pavements work by allowing streets, 
parking lots, sidewalks, and other impervious covers to retain their natural infiltration capacity while maintaining the 
structural and functional features of the materials they replace. 

Figure 26. Types of grid and modular pavements 
(Virginia Soil and Water Commission, 1990) 

 

Applicability 

In many instances porous pavements can be used in place of conventional asphalt or concrete in an ultra-urban 
environment. They are generally not suited for areas with high traffic volumes or loads. Composite designs that use 
conventional asphalt or concrete in high-traffic areas adjacent to porous pavements along shoulders or in parking 
areas have, however, been designed (Figure 27). Generally, porous pavements are most often used in the 
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construction of parking areas for office buildings, recreational facilities, and shopping centers. Other uses include 
emergency stopping areas, traffic islands, sidewalks, road shoulders, vehicle cross-overs on divided highways, and 
low-traffic roads. Some porous pavements such as porous asphalt have also been tested for use in highway 
projects (Hossain and Scofield, 1991). Their use at gas stations, truck stops, and industrial sites is not 
recommended due to the high risk of groundwater contamination from trace organic compounds (Cahill, undated). 
As a BMP retrofit option, porous pavement might have limited application because prior disturbance or modification 
of in situ soil often significantly reduces its infiltration capacity (Schueler et al., 1992). 

Figure 27. Typical applications of modular block porous pavement (not to scale) 
(Urban Drainage and Flood Control District, 1992) 

 

 

 

 

Porous pavements such as porous asphalt are also effective at reducing hydroplaning, as well as improving wet 
weather visibility (Stotz and Krauth, 1994). The use of interlocking concrete paving stones on walks and crosswalks 
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can also make them more visible and safer for both drivers and pedestrians, thereby reducing the need for 
repainting. 

Effectiveness 

When operating properly, porous pavements are as effective at removing pollutants from stormwater as other 
infiltration devices. Also like other infiltration BMPs, porous pavements are not designed to sustain a high removal 
rate for suspended sediment. While initial removal rates for suspended sediment are very high, the removal process 
causes clogging of the pavement and subsequently reduces its infiltration capacity. As the infiltration capacity 
decreases, so does the capture and treatment of runoff pollutants. Careful attention to maintenance is necessary to 
reduce the potential for clogging. In addition, all adjacent areas should be stabilized to prevent sediment from 
washing onto the pavement surface to prevent premature clogging. Hossain and Scofield (1991) found that a test 
section of porous pavement performed satisfactorily over five years. Although a slight decrease in the infiltration rate 
occurred, both the infiltration rate and storage capacity were above design values. Typical removal rates based on 
load reductions observed are summarized in Table 17. 

Siting and Design Considerations 

Suitable sites for porous pavements are generally limited to low-traffic areas with a minimum soil infiltration capacity 
of 7 mm/h (0.27 in/h) (greater than 13 mm/h (0.5 in/h) is preferred). Geotechnical testing of potential installation 
locations is needed to quantify the infiltration capacity. In siting porous pavement, groundwater contamination can 
be minimized by ensuring that the depth to the seasonally high water tables is at least 1.2 m (4 ft) below the 
reservoir layer and that installations are no closer to drinking water wells than 30 m (100 ft). Sites that are probable 
sources of high contaminant loads, such as gas stations, should be avoided. 

Porous pavement installations should also be 30 m (100 ft) upgradient and 3 m (10 ft) downgradient of building 
foundations. More detailed guidelines for the siting of porous pavements and related design specifications can be 
found in Evaluation and Management of Highway Runoff Water Quality (Young et al., 1996), and A Current 
Assessment of Urban Best Management Practices - Techniques for Reducing Non-Point Source Pollution in the 
Coastal Zone (Schueler et al., 1992). Additional information on existing designs and their effectiveness is available 
in Stormwater Infiltration (Furgerson, 1994). 

The design considerations for porous pavement should be consistent with the concepts of flexible pavement design. 
These requirements, summarized by Rollings and Rollings (1993), include: 

The use of sufficient pavement thickness to protect the subgrade from being overstressed.  
The use of quality base and subbase materials that can support the applied loads.  
A stable surface that serves as the wearing course for traffic.  
The compaction of all materials to provide strength and to resist densification under traffic.  

Standard cross section designs typical of those for porous asphalt and modular paving stones are shown in Figures 
28 and 29, respectively. 

Figure 28. Schematic of typical porous pavement section (Young et al., 1996) 

Table 17. Pollutant removal effectiveness for porous pavement (%)

Study TSS2 TP TN NO3 Metals Comments

MWCOG (1983) 95 60 88 - 99 Rainfall

Hogland et al. (1987) 95 71 -3051 -16071 33-96 Snowmelt

1 Prior agricultural land use in the area.
 

2 High loadings of TSS significantly reduce the life expectancy of porous pavement BMPs.
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Figure 29. Modular block porous pavement 
(adapted from Urban drainage and Flood Control District, 1992) 
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Porous pavements using lattice-type pavers or hollow concrete blocks and paving stones have similar construction 
details. Paving stones, however, can generally be designed to have a much higher load-bearing capacity and 
therefore have more widespread applicability. Detailed construction information and specifications are generally 
available from the manufacturers of these products (Florida Concrete and Products Association, 1989; Rollings and 
Rollings, 1993). 

Based on construction experience, Cahill (undated) recommends the inclusion of a perimeter stone filter inlet 
around the edges of porous pavement installations as a reliable means of ensuring that runoff enters the stone filter 
reservoir if surface clogging of the pavement occurs. In addition, when specifying the pavement or paver stones it is 
important to ensure the surface infiltration rate is greater than the peak design rainfall intensity. One source gives 
this peak design rainfall intensity as the 1-h, 2-year rainfall (Young et al., 1996). 

Maintenance Considerations 

To maintain the infiltrative capacity of porous pavements such as asphalt, quarterly vacuum sweeping in conjunction 
with jet hosing or jet hosing alone is recommended (Schueler et al., 1992). Therefore, the installation of porous 
pavement BMPs in regions that lack the equipment or resources for routine maintenance is not recommended; a 
high failure rate for porous asphalt installations in Maryland is attributed in part to a lack of routine maintenance 
(Lindsey et al., 1991). Failures at sites in the Middle Atlantic states have also been attributed to poor site conditions 
and installation practices (Cahill, undated). In contrast, unmaintained parking areas constructed in 1985 with 
concrete block pavers had retained an infiltration capacity in excess of 100 mm/h (4 in/h) when inspected in 1994 
(Pratt et al., 1995). Pratt et al. (1995) estimated the useful life of these types of permeable surfaces to be between 
15 and 20 years. Since paving stones can be lifted and reused, the repair or reconstruction of these surfaces is also 
expected to be less than that associated with porous asphalt or concrete. 

When modular pavements incorporate turf into their void area, normal turf maintenance practices, including 
watering, fertilization, and mowing might be required (WDOE, 1992). Mowing is not usually necessary in high-traffic 
areas. In regions were rainfall is infrequent, provisions for watering are required. 
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Cost Considerations 

Costs for porous asphalt are approximately 10 to 15 percent higher than those for regular asphalt; porous concrete 
is about 25 percent more expensive than regular concrete. Requirements for site preparation or the use of 
specialized equipment may also increase these costs. The use of modular paving stones can be up to four times as 
expensive as either regular asphalt or concrete. The higher costs of installation of porous pavements can be offset 
to some extent by the elimination of curbs, gutters, and storm drains. In some cases this may lower the overall cost 
for a project (Field et al., 1982). The final economics associated with a particular site are also affected by site-
specific conditions, such in situ permeability, and the cost and proximity of gravel supplies. 
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Stormwater Best Management Practices in an Ultra-Urban 

Setting: Selection and Monitoring 

Fact Sheet - Street Sweepers 

Streetsweeping is an effective ultra-urban best management practice for reducing total suspended solids and 
associated pollutant washoff from urban streets. Recent studies have found that streetsweeping programs using 
equipment based on new technologies can significantly reduce pollutant washoff from urban streets, with potential 
reductions of up to 80 percent in annual total suspended solids and associated pollutants (Sutherland and Jelen, 
1996). 

Applicability 

Streetsweeping is well suited to ultra-urban environments where little land is available for installation of structural 
controls. It should be considered in commercial business districts, industrial sites, and intensely developed areas in 
close proximity to receiving waters. For highway applications, streetsweeping may be considered for road 
shoulders, where safety permits, rest stop parking areas, or maintenance yards. The benefits of streetsweeping will 
be best realized by using the most sophisticated sweepers at a weekly to bimonthly frequency depending on local 
conditions, with a careful assessment of whether certain rules such as restricted street parking prior to and during 
sweeping can be enforced. Streetsweeping is not effective in removing oil and grease, and older conventional 
mechanical sweepers are limited in their ability to remove fine sediment. 

Types of Street Sweepers 

Mechanical sweepers employ a rotating gutter broom to remove particles from the street gutter area, with a water 
spray used to control dust. The particles removed are placed in the path of a cylindrical broom that rotates to carry 
the material onto a conveyor belt and into a storage hopper. This is the most widely used equipment for street 
cleaning in the United States. 

Vacuum-assisted sweepers also use gutter brooms to remove particles from the street. However, the refuse is 
then placed in the path of a vacuum intake that transports the dirt to the hopper. The transported dirt is usually 
saturated with water. The overall efficiency of vacuum-assisted cleaners is generally higher than that of mechanical 
cleaners, especially for particles larger than the dust and dirt range (larger than about 3 mm). 

Tandem sweeping operations involve two successive cleaning passes, first by a mechanical (broom and conveyor 
belt) sweeper, followed immediately by a vacuum-assisted sweeper. 

Regenerative air sweepers blow air onto the pavement and immediately vacuum it back to entrain and capture 
accumulated sediments. Air is regenerated for blowing through a dust separation system. If the accumulated 
loading is not too great, regenerative air sweepers are generally considered effective for removing fine sediment 
(Sutherland and Jelen, 1996). 

Vacuum-assisted dry sweepers combine the important elements of tandem sweeping into a single unit. These 
sweepers apply technology originally developed to remove spilled coal and coal dust from railroad tracks. The 
technology has also been applied to industrial sites where complete removal without leakage of particulate matter is 
important. The mechanical sweeping component in these sweepers is completely dry. A specialized rotating brush 
is used to scratch and loosen dirt and dust from impervious surfaces, allowing the vacuum system to recover 
practically all particulate matter. A continuous filtration system prevents very fine particulate matter from leaving the 
hopper, which prevents the formation of the dust trails typically seen with conventional mechanical sweepers. 

Effectiveness 

The effectiveness of streetsweeping programs depends on several factors, including: 
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Type and operation of equipment used: Vacuum-assisted and regenerative air sweepers are generally more 
efficient than mechanical sweepers at removing finer sediments, which often bind a higher proportion of heavy 
metals (Table 18). The performance of sweepers can be enhanced by operating them at optimal speeds (6 to 8 
mi/h), ensuring that brushes are properly adjusted, and ensuring that appropriate rotation rates and sweeping 
patterns are used. Tests conducted on the newer vacuum-assisted dry sweepers have shown they have 
significantly enhanced capabilities to remove sediment compared to conventional sweepers, with projected 
reductions of up to 79 percent in total suspended solids loadings from urban streets. In addition, these sweepers are 
extremely effective at removing respirable (PM-10) particulate matter (particles with an aerodynamic diameter less 
than or equal to 10 microns) compared to conventional sweepers (Table 19) and are designed to help meet National 
Ambient Air Quality standards. 

  

Sweeping frequency and number of passes: To achieve a 30 percent removal of street dirt, the sweeping interval 
should be less than two times the average interval between storms. To achieve 50 percent removal, sweeping must 
occur at least at least once between storms. Generally two passes per run should be conducted, which will result in 
the removal of up to 75 percent of total solids present before sweeping. Certain conditions may warrant increased 
sweeping frequencies. These include streets with high traffic volumes in industrial areas and streets with high litter 
or erosion zones. In addition, the sweeping frequency should be increased just before the wet season to remove 
sediments accumulated during the summer. 

Climate: Sweeping appears most effective in areas with distinct wet and dry seasons (CDM et al., 1993). 

Factors that limit the overall effectiveness of streetsweeping programs include: 

Presence of parked cars and traffic congestion during sweeping.  
Poor road surface and curb conditions.  
Presence of construction projects nearby.  

Table 18. Efficiencies of mechanical (broom) and vacuum-assisted sweepers

Constituent Mechanical sweeper efficiency (%) Vacuum-assisted sweeper efficiency (%)

Total Solids 55 93

Total Phosphorus 40 74

Total Nitrogen 42 77

COD 31 63

BOD 43 77

Lead 35 76

Zinc 47 85

Source: NVPDC (1992), as cited in Young et al. (1996).

Table 19. PM-10 Particulate removal efficiencies for 
various sweepers

Sweeper type Removal Efficiency (%)

Mechanical - Model 1 -6.7

Mechanical - Model 2 8.6

Regenerative Air 31.4

Vacuum-assisted wet - Model 1 40.0

Vacuum-assisted wet - Model 2 82.0

Vacuum-assisted dry 99.6

Page 2 of 4Ultra-Urban BMP - FHWA

5/7/2009http://www.fhwa.dot.gov/environment/ultraurb/3fs16.htm

231



Considerations for Equipment Selection 

The selection of the type of sweeper will depend on specific conditions prevailing at sites targeted for sweeping. In 
general, mechanical sweepers are more effective at picking up large debris and cleaning wet streets and have lower 
capital and operating costs. However, mechanical sweepers can create large amounts of airborne dust. Vacuum-
assisted and regenerative air sweepers are more effective at removing fine particles and associated heavy metals 
but tend to be ineffective at cleaning wet streets. They may also be noisier than mechanical sweepers, which can 
restrict the hours of operation in some areas. It may also be necessary to deploy a mechanical sweeper ahead of 
vacuum-assisted sweepers to remove large debris. 

The somewhat larger capital costs associated with the newer vacuum-assisted dry sweepers may be warranted for 
areas where worker and public safety from respirable particulate matter is of concern. Vacuum-assisted sweepers 
are capable of providing close to 100 percent removal of PM-10 particulates and also provide better overall removal 
of sediment. 

Maintenance and Operational Requirements 

The overall maintenance requirements for mechanical sweepers are greater than those for vacuum-assisted and 
regenerative air sweepers since mechanical sweepers contain more moving parts that require periodic replacement. 
Vacuum-assisted dry sweepers have significantly less down time than water-based sweepers (less than 10 percent 
of total operating time compared to about 50 percent for water-based sweepers) because they require no water 
loading. In addition, clean-up and dumping times are shorter. 

For an effective streetsweeping program, consideration should be given to the following operational requirements: 

Ensure there are adequately trained sweeper operators and maintenance personnel.  
Provide traffic control officers to enforce parking restrictions.  
Choose sweeping frequencies and cleaning routes to optimize overall sweeping efficiencies.  
Make appropriate arrangements for disposal of collected waste.  
Reduce source loadings through various measures such as public awareness of proper disposal procedures 
for used oil and yard waste, and enforcement of erosion control and stormwater pollution prevention 
practices at urban construction sites.  

Cost Considerations 

Conventional sweeper costs range from $69,000 to $127,000 (1995 dollars), with the higher end of this range 
associated with vacuum-assisted and regenerative air sweepers (CDM, 1993). The useful life span of these 
sweepers is generally four to seven years, and the operating cost associated with these sweepers about $70 per 
hour (1996 dollars; Finley, 1996). The capital cost of vacuum-assisted dry sweepers is on the order of $170,000 
(1996 dollars; Enviro Whirl Technologies, personal communication, 1996) with a projected useful life span of about 
eight years and operating costs of approximately $35 per hour (Satterfield, 1996 dollars). 
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Stormwater Best Management Practices in an Ultra-Urban 

Setting: Selection and Monitoring 

Fact Sheet - Surface Sand Filters 

The surface sand filter has been employed since the early 1980s to provide stormwater quality management. One 
of the forerunners in developing the surface sand filter design has been the City of Austin, Texas. As shown in 
Figure 14, the Austin design consists of a bypass chamber, a sedimentation chamber that provides pretreatment, a 
flow distribution cell, and a sand filter bed. The design illustrated shows many of the features common to surface 
sand filters. Typically, the filter bed has a 450 to 600 mm (18 to 24 in) deep sand layer that traps or strains 
pollutants before runoff is collected in an underdrain system (gravel and perforated pipe) and conveyed to a 
discharge point. 

Figure 14. Austin sand filter with full sedimentation protection (Young et al., 1996) 

 

A bypass chamber is used to protect the BMP from high inflows, diverting any flow in excess of the capacity of the 
structure. This works with the sedimentation cell(s) to prevent high loads of coarse sediment from entering the filter 
bed. While the design illustrated in Figure 14 consists of concrete structures/walls, earthen walls backed with 
geomembranes and riprap sections can be substituted in the basic design. In terms of drainage area, the Austin 
design has been successfully employed for drainage areas ranging from 0.4 to 40.5 ha (1 to 100 ac). 

Surface sand filters are very well suited to managing the first flush volume, which typically contains the highest 
concentration of pollutants. However, the design is poorly suited to providing stormwater quantity management to 
prevent flooding because high flows can easily damage the filter bed. As a result, it is strongly recommended that 
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the design be installed in an off-line configuration. 

The Austin filter works by a combination of sedimentation, filtration, and adsorption. The sedimentation section 
located just upstream of the filter section serves as pretreatment, removing larger-diameter suspended solids. 
Partially treated stormwater then flows slowly into the filter section, where fine-grain material is strained from the 
stormwater as it passes through the filter medium. The sand medium filter traps up to 90 percent of the small 
particles in stormwater runoff (6 to 41 microns) if a 460 mm (18 in) layer of sand is used. However, the extent of 
adsorption by sand of some dissolved pollutants is relatively small when compared to other filter media. For 
example, sand medium adsorbs much less positively charged dissolved metals and hydrocarbons than either soil or 
peat medium primarily due to its relatively low cation exchange capacity (CEC); sand has a CEC that is 13 percent 
that of the soil medium and 0.002 percent of the peat medium. 

Applicability 

Although it has been applied within an urban setting, the Austin sand filter may require a significant commitment of 
land area (generally between two and seven percent of the drainage area). Consequently, many of the installations 
within the City of Austin are in newer, less densely developed portions of the municipality. Within an ultra-urban 
setting this design might be restrictive requiring a completely subsurface BMP (see underground sand filter design 
in the Underground Sand Filters Fact Sheet). 

The applicability of surface sand filters to roadway projects has been demonstrated. For example, the Texas 
Department of Transportation has designed and/or installed Austin sand filters to provide stormwater management 
for several large highway projects. Overall, the design provides dependable performance and can be designed so it 
does not pose an additional safety hazard for automotive traffic. 

Effectiveness 

The Austin sand filter design has demonstrated good total suspended solids (TSS) removals, typically providing 85 
percent treatment. Performance for nutrients is less significant, and in fact the sand filter may be a source of nitrate 
(NO3) since ammonia in stormwater will undergo nitrification in the aerobic filter. However, sand filters are reported 

to decrease the total nitrogen (TN) load by approximately 35 percent. Total phosphorus (TP) removals range up to 
55 percent, and there is a wide variation in metal removal rates (ranging between 35 and 90 percent). Removal of 
oil and grease by sand filters has been reported to average between 55 and 84 percent (Horner and Horner, 1995). 
Reduction in fecal coliform bacteria ranges between 40 and 80 percent. 

The bulk of Austin sand filter designs have been in a warmer climate (central Texas) and reported removal rates 
probably reflect this influence (see Table 13). The filter performance would probably decrease if exposed to 
prolonged cold periods, which freeze the filter media. However, in a recent application of a sand filter in Alexandria, 
Virginia, it was reported that the filter operated effectively immediately after an arctic freeze even with several inches 
of frozen runoff in the settling area (Bell et al., 1995). 

With the integration of a sedimentation chamber, the design provides pretreatment for the filter. However, where 
high loadings of oil or grease are encountered, additional pretreatment measures, such as grassed swales or 
vegetated filter strips are advisable. 

Siting and Design Considerations 

Various design approaches can be taken in designing surface sand filters, including those developed in Austin. 
Design differences tend to be found in the size of the sedimentation area, the duration of sedimentation, and the 
loading rate of the filter media. For practicality, most designs limit the maximum water depth in the facility to less 

Table 13. Pollutant removal effectiveness for surface sand filters (%)

Study TSS TP TN NO3 Metals Comments

City of Austin (1990) 75 59 44 -13 34-82 Lead and zinc removal high; copper removal low

City of Austin (1990) 92 80 71 23 84-91  

City of Austin (1990) 87 61 32 -79 60-81  

Welborn & Veenhuis (1987) 78 27 27 -111 33-60  
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than 2.4 m (8 ft) and drain the system by gravity. 

There are two basic designs for the Austin surface sand filter that manage the first 12.7 mm (0.5 in) of runoff, a 
partial sedimentation design and a full sedimentation design. The designs differ in terms of the volume of the 
sedimentation chamber and the size of the filter area. A partial sedimentation design creates a smaller footprint than 
a full sedimentation design but typically requires more maintenance. The partial sedimentation design is intended 
for areas that are relatively flat sloped and requires sufficient sedimentation area to store 20 percent of the water 
quality volume. The partial sedimentation design requires 16.7 m2 (180 ft2) of filter area per impervious acre. The 
full sedimentation design provides sufficient sedimentation area to store the entire water quality volume (100 
percent), a volume that is subsequently released to the filter bed over a 24-hour period. The full sedimentation 
design requires 9.3 m2 (100 ft2) of area per impervious acre (assuming a permeability of the sand medium of 1 
m/day [3.5 ft/day]). More extensive information regarding the design process used for the Austin sand filter should 
be acquired directly from the City of Austin's Environmental Criteria Manual (City of Austin, 1991). 

There are also other approaches to surface sand filter designs that can be considered. One general rule of thumb is 
the required sedimentation area in square meters should be equal to 0.020 times the water quality volume in cubic 
meters (0.066 for area in square feet and volume in cubic feet) for drainage areas with an imperviousness of less 
than 75 percent (Claytor and Schueler, 1996). For areas with imperviousness greater than 75 percent, the 
sedimentation area commitment is 0.0024 times the water quality volume (0.0081 for area in square feet and 
volume in cubic feet). These recommendations recognize that ultra-urban runoff typically contains a high 
percentage of large-diameter sediment particles and therefore the settling area can be decreased (Shaver, 1994). 
When using this design approach, the recommended length-to-width ratio of the settling chamber is 2:1 or greater to 
limit short-circuiting, and the minimum recommended water depth in the settling chamber is 0.92 m (3 ft). This 
design approach also calls for the total storage volume in the sedimentation chamber and filter chamber to be equal 
to 75 percent of the water quality volume. At least half of the total storage volume should be located in the 
sedimentation chamber. The facility storage volume calculation should include void storage in the sand medium 
(typical porosity between 30 and 40 percent). In sizing the filter area it is recommended that a drawdown time of 40 
hours be used and that the total depth of sand medium not exceed 0.61 m (2 ft). More information regarding this 
design approach can be found in Design of Stormwater Filtering Systems (Claytor and Schueler, 1996). 

It should be noted that for any of the surface filter designs it is possible to substitute filter media other than sand. 
Refer to the Organic Media Filters Fact Sheet for additional information on organic media filters (peat/sand and 
compost media) and their advantages and disadvantages. Although over 500 Austin sand filters are currently 
operating, it is not known how long the basic design will last. Given the relatively low level technology typically 
employed, it seems reasonable to assume an effective life between 25 and 50 years with regular maintenance. 

Maintenance Considerations 

In general, the recommended frequency for performance monitoring is at least once per year. Each inspection 
should log information on the depth and location of any ponding, the depth of discoloration in the filter bed, and the 
depth of accumulated material over the sand media. 

Most filters exhibit diminished capacity after a few years due to surface clogging by organic matter, fine silts, and 
hydrocarbons. Restoration of the original filtration capacity includes manual removal of any accumulated material 
and the first several inches of discolored sand. New sand is placed to reestablish the design grade of the filter 
medium. From a review of numerous references, it appears the material (sand/silt) accumulates in most sand filters 
at a rate between 13 to 25 mm/yr (0.5 to 1 in/yr). Maintenance can be reduced by employing surface sand filters 
only in drainage areas with 100 percent imperviousness. This significantly reduces the fine-grain material reaching 
the filter (silt and clay) which can clog the filter bed (Schueler, 1995). In areas with high trash loading, a wide-mesh 
geotextile screen can be placed over portions of the filter surface to simplify removal of the debris. 

Regarding specific maintenance issues for the Austin sand filter design, the partial sedimentation design requires 
more frequent maintenance of the filter bed because there is less settling of solids in the sedimentation chamber. 
This tends to lead to greater sediment loads entering the filter bed than is experienced for full sedimentation designs 
(Young et al., 1996). Greater sediment loads translate into higher maintenance costs because more frequent 
replacement of the sand media will be required. 

Cost Considerations 

The surface sand filter design is a moderately expensive BMP to employ (Claytor and Schueler, 1996). However, 
the cost of installation is strongly correlated with the nature of the construction employed. If the filter is installed 
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within an ultra-urban setting, it is likely that relatively expensive concrete walls will be used to create the various 
chambers. This type of installation will be significantly more expensive than an earthen-walled design, where 
relatively inexpensive excavation and compaction construction techniques lower the installation cost. However, 
earthen-wall designs require a greater land area commitment, which can offset the reduction in construction costs. 

The construction cost of surface sand filters is also related to economies of scale-the cost per impervious hectare or 
acre served decreases with an increase in the service area. In 1994, the construction costs for Austin sand filters 
were $39,500 per impervious hectare (or $16,000 per impervious acre) for facilities serving less than two acres and 
$8,400 per impervious hectare (or $3,400 per impervious acre) for facilities serving greater than five acres 
(Schueler, 1994). These construction cost estimates exclude real estate, design, and contingency costs. (Note that 
these unit cost values should be used for conceptual cost estimating purposes only.) 
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Stormwater Best Management Practices in an Ultra-Urban 

Setting: Selection and Monitoring 

Fact Sheet - Underground Sand Filters 

The underground sand filter typically consists of a multi-chamber underground vault accessible by access holes or 
grate openings. Multiple configurations have been developed for underground sand filters including the D.C. filter 
design (Figure 12) and the Delaware filter design (Figure 13). The D.C. design is intended to treat flow conveyed by 
a storm drain, and can be retrofitted within existing systems. The Delaware filter design is intended to collect flow 
directly from an impervious area and is well suited to placement along parking areas. While their deployments may 
differ, both of these designs operate in basically the same manner. 

Figure 12. Original D.C. underground sand filter system (Young et al., 1996) 

 

  

Figure 13. Delaware sand filter with grated inlets (Bell et al., 1995) 
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During a storm, the water quality volume is temporarily stored in an underground chamber(s) that provides for 
pretreatment by settling. Over time the stored volume flows by gravity into a filter chamber where it moves through 
the sand filter. Filtered runoff is collected in underdrains and is then discharged into an adjacent storm drain or 
natural channel. During large rainfall events any flow in excess of the filter's capacity is diverted around the sand 
filter by means of an overflow weir. 

The underground sand filter works by a combination of sedimentation and filtration. The sedimentation section 
serves as a pretreatment measure by removing larger diameter suspended solids and capturing floating 
hydrocarbons. If the filter consists of a 45.7 cm (18 in) layer of sand the filter will trap up to 90 percent of the small 
particles in stormwater runoff (diameters between 6 to 41 microns). A lower level of removal will occur for any 
dissolved pollutants because the sand medium adsorbs relatively small amounts of positively charged dissolved 
materials. For example, sand has a cation exchange capacity that is 13 percent that of soil and 0.002 percent that of 
peat. This means it is less effective in filtering and removing dissolved metals and hydrocarbons. 

Often the intended use of sand filter BMPs is to manage the first flush, which typically contains the highest 
concentration of pollutants. If designed as an off-line facility, however, it can provide true capture and treatment of 
any water quality volume. However, designers should note that it is relatively expensive to install large structures 
(e.g., concrete vaults) below grade and between any existing subsurface utilities. 

In summary, the underground sand filter is well adapted for applications with limited land area and provides turnkey 
performance that is independent of local soil conditions, groundwater levels, and other factors. It is most useful 
where multiple uses of land area are required (i.e., where committed land area is to be used for automobile parking 
or for public parks). 

Applicability 

The underground sand filter is considered to be highly applicable to the ultra-urban setting. It requires a small 
commitment of land area, provides dependable service, and is relatively effective at urban pollutant removal. Its 
design is inherently flexible; the size and shape of the unit can be set based on local constraints. Because the unit is 
below grade, it is safe for application in public areas and is relatively vandal-proof. For roadside applications, it can 
be placed adjacent to roadways without imposing a safety hazard and can function satisfactorily in the area below 
elevated roadways or ramps. The effective life of a typical, maintained underground sand filter is 5 to 20 years. 

If there is a disadvantage associated with underground sand filters, it is the relative expense of construction 
compared to surface BMPs like detention ponds. However, recognizing the premium for space in the ultra-urban 
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environment, the underground filter is actually cost-effective and sometimes may be the only feasible alternative. 

Effectiveness 

Underground sand filters can be designed to effectively treat a range of target water quality volumes (e.g., the first 
12.7 mm [0.5 in] runoff of a storm). The design water quality volume may be established by available space 
constraints, hydraulic conditions, or by local stormwater ordinances. Performance of this BMP is not greatly affected 
by climate since its subsurface placement will be below the frost line in most locations, limiting freezing of the filter. 
In addition, the level of treatment is generally independent of placement and on-site soil conditions do not affect 
performance. For larger-than-design events, underground sand filters (on-line and off-line) will only provide partial 
treatment. Pretreatment options such as streetsweeping or catch basins remove trash and accumulated sand from 
roadway sanding, both of which diminish a filter's operational performance and increase maintenance requirements. 

The underground sand filter has demonstrated good total suspended solids (TSS) removals, typically providing 85 
percent treatment. Effectiveness for nutrient removal is low, and in fact the sand filter may be a source of nitrate 
(NO3) since ammonia in stormwater will undergo nitrification in an aerobic filter environment. Trace metal removal 

rates range from between 65 and 95 percent. Removal of oil and grease averages about 80 percent with influent 
concentrations of 20 ppm and below. Reductions in fecal coliform bacteria range from between 40 and 80 percent. 
See Table 12 for additional information on the effectiveness of underground sand filters. 

The sand filter is most effective in managing suspended solids but has questionable benefit where downstream 
conditions are sensitive to loadings of nitrogen or where high loadings of hydrocarbon pollutants are expected. 
Anions such as chloride from salted roadways are not removed during sand filtration. 

Siting and Design Considerations 

The flexible design of an underground sand filter permits a variety of applications. A first test of the feasibility of an 
application can be based on the space requirements for 12.7 mm (0.5 in) of runoff from an impervious area of 0.4 
ha (1 ac). Using an assumed storage depth of 0.9 m (3 ft), the surface area requirement for a sand filter is 
approximately 14 m2 (150 ft2) for the sediment chamber and 18.6 m2 (200 ft2) for the sand filter area. More detailed 
design information can be found in Design of Stormwater Filtering Systems (Claytor and Schueler, 1996) and 
Evaluation and Management of Highway Runoff Water Quality (Young et al., 1996). 

In the final design the key components are the sedimentation chamber that is usually a 0.92 m (3 ft) permanent pool 
depth and the filter bed that is typically 45.7 to 61 cm (18 to 24 in) deep. A maximum residence time of 40 hours is 
generally applied to ensure the sand filter drains prior to subsequent rainfall events. The total hydraulic drop from 
inlet to outlet should be between 1.5 and 2.4 m (5 and 8 ft) to reduce the potential for backwater flow into the sand 
filter from the downstream outlet. If the filter discharges to an existing storm drain, it is recommended that the 
underdrain outlet pipe drain into the top half of the downstream storm drain. The main collector pipe should be 
constructed with a minimum slope of 0.5 percent, and observation/inspection ports and cleanouts must be 
incorporated for all pipes. Access must be provided to all chambers in the design, and the design must conform to 
standards established by OSHA for worker safety. 

Underground sand filters consist of precast or cast-in-place concrete vaults and can be installed as on-line or off-
line facilities. Off-line applications are generally simpler to design because a high-flow bypass is not required and 
there is less potential for backwater flow entering the facility. During construction no runoff should enter the sand 
filter bed until the upstream drainage area is completely stabilized and site construction is completed. If practical, a 
sedimentation basin may serve as a temporary sediment control basin during site construction with the provision 
that overflows will bypass the filter bed. It is recommended that underground sand filters located in areas with 
sensitive groundwater aquifers be tested for water tightness prior to placement of the filter layers. 

Table 12. Pollutant removal effectiveness for underground sand filters (%)

Study TSS TP TKN NO3 Metals Bacteria Comments

Bell et al., 
1995

79 65 NA (-
53)

25-91 NA Delaware sand filter

Horner and 
Horner, 
1995

< 
81

43-
60

NA NA 22-66 NA Delaware sand filter; 
oil and grease 
removal at >80%
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Maintenance Considerations 

The recommended frequency for performance monitoring is four times per year. Each inspection should log 
information on the depth of ponding and oil and grease in the first chamber, the depth of water over the sand 
medium, and the accumulation of material over the sand medium. Any standing water over the sand medium 40 
hours after the cessation of rainfall is indicative of clogging. Silt accumulation of more than 12.7 mm (0.5 in) 
indicates the need for replacement of the top layer or all of the sand medium. Typical sand media replacement 
intervals are from one to three years (Claytor and Schueler, 1996). 

The sand filter design can be modified to minimize the effort associated with maintenance. For example, 
incorporating a plastic filter cloth covered with a gravel layer (ballast) on top of the sand medium creates a sacrificial 
layer that can be easily replaced when clogging occurs. 

Currently, there are limited data on the expected maintenance costs associated with subsurface sand filters. A 
Washington, D.C., underground sand filter serving a 0.4 ha (1 ac) area was serviced by removal and replacement of 
a gravel ballast and filter cloth, for $1300 in 1994 (Bell, 1996). Note that repair of subsurface sand filters requires 
confined space entry, which requires larger management crews, leading to higher repair costs. 

Preparations must be made for disposing of fluids and sediment removed from underground sand filters. Captured 
fluids may have a high hydrocarbon fraction and require special handling, and if the sand filter medium is not 
regularly replaced pollutants such as metals may accumulate in the sediment to the point where their level is 
considered hazardous. 

Cost Considerations 

Underground sand filters are generally considered to be a high-cost BMP option for water quality management. In 
1994, the construction cost per impervious hectare served was $24,700 to $34,600 (or $10,000 to $14,000 per 
impervious acre served), excluding real estate, design, and contingency costs (Schueler, 1994). (Note that this unit 
cost value should be used for conceptual cost estimating purposes only.) In ultra-urban areas where land costs are 
high, however, underground sand filters can represent significant cost savings in reduced land consumption. For 
small ultra-urban areas with no land available, they may be the only practical option for stormwater quality treatment 
as they can be placed under roads or parking lots. 

At this time manufacturers are beginning to make available prefabricated units that include precast vaults and inlets 
delivered to the site either partially or fully assembled. These units will eventually result in a decrease in 
construction costs. Typical significant cost variables include the location of subsurface utilities; type of lids and 
doors; customizing casting of weirs, sections, or holes; and depth of the vault. 
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Stormwater Best Management Practices in an Ultra-Urban 

Setting: Selection and Monitoring 

Fact Sheet - Wetlands and Shallow Marsh Systems 

Wetlands and shallow marsh systems use the biological and naturally occurring chemical processes in water and 
plants to remove pollutants (ASCE, 1992). Oils, particulates, suspended sediment, and soluble nutrients are 
removed or settled out due to their residence time in the wetland system and before they enter the downstream 
receiving waters. Wetland and marsh systems can have additional stormwater features that help to attenuate peak 
storm flows. Figure 9 is an example of a shallow marsh system. 

These systems can often have great habitat value. The fringe wetlands and deep water habitats provide shelter and 
breeding places for many species. Properly sited wetland systems can also be scenic assets along a highway 
corridor. 

Figure 9. Schematic design of a shallow ED marsh system 
(adapted from Schueler, 1992) 

 

Applicability 

Wetland and shallow marsh systems must be carefully sited to ensure that the desired functions for the system are 
established and maintained. In the ultra-urban environment the feasibility of wetland establishment may be limited 
due to factors such as drainage area or the absence of high groundwater tables. Due to these considerations, 
potential sites are most likely at low-lying interchanges or medians where runoff can be directed to them, or existing 
open areas such as parks, which provide additional aesthetic and educational benefits.Wetland and shallow marsh 
systems have habitat value and can be efficient at removing pollutants. Since these systems are frequently 
inundated, adequate safety measures such as safety benches, fences, guardrails, and safety zones must be 
provided. 

Effectiveness 

Figure 10. Movement of water through a detention pond-wetlands system 
(Martin and Smoot, 1986) 
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Properly designed wetland systems are extremely effective at removing soluble pollutants and particulates from 
ultra-urban stormwater runoff. Biological oxygen demand (BOD), chemical oxygen demand (COD), and metals are 
also significantly reduced. As the system ages and more algae and detritus are generated in the pond, the efficiency 
increases. When combined with extended detention, wetland BMPs may be one of the most effective systems to 
mitigate stormwater runoff impacts. Figure 10 illustrates the use of an extended detention pond as a pretreatment 
for a wetland system. Table 11 provides data from a study that monitored the pond and wetland system at the inlet 
and outlet to the wetland. Many of the suspended solids and some of the solubles were removed by the 
pretreatment in the detention facility (OWML, 1990). Average removal rates that can be expected from a stormwater 
wetland are 65 percent for total suspended solids (TSS), 25 percent for total phosphorus (TP), 20 percent for total 
nitrogen (TN), and 35 to 65 percent for metals (USEPA, 1993). 

Siting and Design Considerations 

Hydrology is likely to be the most important limiting factor in the feasibility of a wetland or marsh system for an ultra-
urban area. Such facilities may be on-line or off-line. On-line facilities allow all stormwater flows to pass through the 
system. Off-line facilities divert higher flows, which may have erosive velocities or which would inundate the system. 
There must be a sufficient drainage area to maintain base flow in the system. Water budgets should be performed 
to determine the ability of the pond to maintain vegetation in dry months. Adequate water will help prevent the die-
off of planted vegetation, which can prevent invasive species from taking hold. The groundwater elevation is also 
important since it helps maintain the hydrology. A ratio of watershed area to wetlands area of at least two percent is 
recommended to have efficient removal capabilities (Schueler, 1992). However, smaller systems could be used in 
ultra-urban settings. 

The wetland system should be designed to have pockets of deeper water to help trap sediments and to provide a 
diverse habitat. The length of the wetland system and ratio of surface area to width are important pollutant removal 
factors. The flow length must be long enough to provide adequate residence time to remove soluble pollutants and 
sufficient settling time for particulates. A length-to-width ratio of 2:1 is recommended to achieve an adequate 
residence time. 

Proper soil conditions are necessary for wetland success. The wetland site must have existing natural soil 
conditions that facilitate ponding, or these conditions must be created using clay, PVC, or other types of liners. In 
addition, wetland pollutant removal functions are mediated in part by the supply of organic material in the site. 

Table 11. Pollutant removal effectiveness for wetlands (%)

Study TSS TP TN NO3 Lead Zinc Comments

Martin & Smoot 
(1986)

95 53 42 47 90 92 Pretreatment by in-line detention pond. 
Results are maximum removals for shallow wetland 
system only.

OWML, 1990 96 69 73 53 94 90 Results are maximum removals for pond and wetland 
system.
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Organic matter also affects the success of wetland plant establishment. Consequently, organic material must be 
incorporated into project soils if construction requirements necessitate removal of topsoil from the site. 

Native plant species that are present in the area should be retained whenever possible. When planting a site is 
necessary, a diverse plant community of species native to the project area should be established to maximize 
wildlife and water quality benefits. Planting a variety of species increases the probability of establishing a vigorous 
plant community and reduces the chance of exotic species invasion into the site. A vegetative buffer strip included 
around the marsh or pond will reduce sediment inflow and provide additional pollutant filtration. Irregular shorelines, 
incorporation of nesting boxes, use of plants with habitat characteristics of cover or food, islands for nesting of 
waterfowl, and sufficient mudflat and deepwater areas will also greatly enhance wildlife habitat. For a thorough 
discussion of design considerations, refer to Evaluation and Management of Highway Runoff Water Quality (Young 
et al., 1996). Designers are generally cautioned to avoid species known to be aggressive colonizers, noxious 
weeds, or ones not recognized by state regulatory agencies. 

Maintenance Considerations 

Frequent maintenance and inspection, which usually involves moderate costs, are critical during the establishment 
of vegetation in the marsh or wetland. Invasive and undesirable plants must be culled from the planting area. The 
outfall structure might also have to be adjusted to maintain the proper hydrology for introduced plant species. 
Though sediment rates may initially be high from construction activity, it is important that sediment be removed so 
that the plants can become established and the pond capacity is maintained. Once established, the wetland 
vegetation should be periodically harvested so that the stand can regenerate and the pond is not choked off by 
vegetation. Systems that do not have consistent and steady base flow may become eutrophic. The outlet structure 
should incorporate features that protect it from blockage by debris and that allow adjustments to be made to the 
water surface. 

Cost Considerations 

Costs for ponds typically include costs for embankment, riser and spillway structures, outfall protection, vegetative 
stabilization, excavation, and grading. Additional costs for site preparation can include soil amendments, precision 
grading, plant materials and creation of occluding layers in coarse-textured soil types if wetlands systems must be 
created on upland sites due to project constraints. Project costs can be lowered if existing pre-construction site 
conditions are carefully considered and isolated areas with hydric soils contained within the footprint of the project 
are utilized as stormwater management facilities. 

Additional maintenance costs will be incurred until the establishment of the wetland ecosystem. Invasive plants 
must be culled and dead plants replaced. The outlet structure may have to be adjusted, based on seasonal 
observations, to achieve the proper water surface in the pond. 
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