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5.0 INTRODUCTION 

The effective use of BMPs in managing stormwater runoff is dependant on many variables, e.g., 
design, construction, selection, placement, and maintenance.  Proper BMP design and 
construction are essential; however, BMP design issues have been discussed earlier in Chapter 
3.0 and will not be repeated here. This chapter addresses proper BMP selection, placement, and 
maintenance, which are also essential (U.S. EPA, 1999a). Section 5.1, BMP Selection, is written 
from the perspective that a manager has a predetermined site on which to place or apply the most 
appropriate BMP.  Maintenance issues are also discussed in this section.  Section 5.2, BMP 
Placement, takes BMP selection to the next level by applying the selection process to a 
watershed. In this section the manager begins only with a predetermined watershed that requires 
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protection.  The BMP selection process must then be applied to all possible sites (or multiple 
sites simultaneously) to ascertain the best possible options to achieve watershed protection.  In a 
more holistic management plan, the use of multiple BMPs in an integrated approach that targets 
multiple pollutant types and forms can improve effectiveness over individual BMPs used alone. 
Integrated approaches also are investigated in this chapter in Section 5.3. 

The information presented is drawn from a literature review.  It is intended to assist stormwater 
managers in making educated decisions that will best fit their situation.  However, there is a great 
deal of variability involved in BMP applications.  Even if all the guidelines and 
recommendations in this chapter are followed, the expected outcomes are not guaranteed. 
Adherence to the guidelines can only help prevent known pitfalls and identify issues that need 
consideration to assure the best chances for a positive result. 

5.1 BMP SELECTION 

There are a large number of BMPs from which to choose.  The U.S. EPA’s Menu of BMPs has 
identified approximately 130 individual BMPs, categorized into the six minimum requirements 
put forth by the National Pollutant Discharge Elimination System (NPDES) Stormwater Phase II 
Regulations (U.S. EPA, 2003b).  New BMPs, especially in the pollution prevention and public 
education and participation categories, are being developed on a continual basis.  In addition 
there are some BMPs that are a combination of individual BMPs, i.e., low-impact development 
techniques. Thus, selection of one or more BMPs appropriate for a particular situation may be a 
difficult undertaking.  Given the large number of choices, elimination of inappropriate or less 
cost-effective BMPs through a series of sequential steps will lead to a much smaller list of the 
most reasonable choices from which a final decision can be made.  Six BMP selection steps have 
been identified and are explained below in Sections 5.1.1 through 5.1.6. These steps include: 

(1) regulatory considerations, 
(2) site factors, 
(3) stormwater quantity issues, 
(4) water quality performance - pollutant removal, 
(5) cost, reliability, and maintenance issues, and 
(6) environmental and community acceptance factors. 

Even with the steps detailed here as guidance, BMP selection is a complicated matter.  Barraud et 
al. (1999) developed a computer software program, DELTANOE, to assist stormwater managers 
through the BMP selection process. With the input of some site-specific facts, their program can 
produce a list of possible solutions, or when given a favored solution, it can produce information 
on technical feasibility and possible scenarios of failure.  As an added benefit, DELTANOE also 
provides guidance on design, construction, and maintenance on each proposed solution.  In early 
2003, the U.S. EPA also initiated a project to develop a framework for the selection of BMPs for 
successful stormwater management (Lai et al., 2003). The integrated stormwater decision-
support framework (ISMDSF) is slated to use public domain models for hydraulic, hydrologic, 
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and water quality routing in spatial and temporal scales.  The models will be combined with 
watershed characteristics, BMP effectiveness, and cost data to provide watershed managers with 
viable BMPs or combinations of BMPs to achieve the overall water quality objectives.  A 
geographical information system (GIS) will be used as a foundation to give the ISMDSF a 
watershed perspective. Both structural and nonstructural BMPs are expected to be included.  The 
estimated completion of the initial phase, development of the overall framework and the 
watershed component, is in early 2005 (Lai et al., 2003). 

5.1.1 Regulatory Considerations 

In 1999, the U.S. EPA published a ruling to expand the NPDES Stormwater Phase I Regulations 
of 1990 (U.S. EPA, 2003c). Once only affecting a select group of industry and municipalities 
with populations over 100,000, the new rules (NPDES Stormwater Phase II Regulations) apply to 
all urbanized municipal separate storm sewer systems (MS4s), regardless of size.  Coverage of 
industrial activities, construction sites in particular, was also expanded in the second phase. The 
rules require development of a stormwater management program for permitting of stormwater 
outfalls which are administered by the state authority through the NPDES as of December 2002 
(U.S. EPA, 2000).  Elements from each of six minimum control measures (see Table 5-1) must 
be included in the stormwater management program.  Thus, BMP selection for municipalities 
covered by the NPDES Stormwater Phase II Regulations, must consider options in each of the six 
control measure areas. As mentioned above, the U.S. EPA has identified many BMPs for each 
category.  Table 5-1 lists the six minimum control measures and possible BMP options for 
fulfilling each measure. 

Table 5-1. BMP Options under the Six Minimum Control Measures Required by
 U.S. EPA’s NPDES Stormwater Regulations: Phase I and II1 

Minimum Control Best Management Practice Options 
Measure 

Î	 Public 
Education & 
Outreach 

<Lawn & garden activities education 

<W ater conservation practices for homeowners 

<Education on & programs for proper disposal of household hazardous wastes 

<Pet waste management education 

<Trash management education 

<Education/outreach for commercial activities 

<Outreach programs for minority & disadvantaged communities & children 

<Classroom education on stormwater 

<Storm water e duc ationa l materia ls 

<Low-impact development education 

<Educational displays, pamphlets, booklets, & utility stuffers 

<Using the media for community outreach on stormwater 

<Prom otional giveawa ys to promo te stormwater aw areness 

<Pollution prevention education for businesses 
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Table 5-1. BMP Options under the Six Minimum Control Measures Required by
 U.S. EPA’s NPDES Stormwater Regulations: Phase I and II1 

Minimum Control Best Management Practice Options 
Measure 

Ï	 Public 
Involvement & 
Participation 

<Storm drain stenciling 

<Stream cleanup & monitoring 

<Volunteer monitoring 

<Reforestation programs 

<Wetland plantings 

<Adopt-A-Stream programs 

<Rain barrel & cistern programs2 

<Watershed organization development 

<Stakeholder meetings 

<Attitude surveys 

<Community hotlines 

Ð Illicit Discharge 
Detection & 
Elimination 

<Failing septic systems 

<Industrial/business connections 

<Recreational sewage 

<Sanitary sewer overflows 

<Identifying illicit connections 

<Wastewater connections to the storm drain system 

<Illegal dumping 

<Non-stormwater discharges 

Ñ	 Construction 
Site Stormwater 
Runoff Control 

Runoff Control 

<Land grading 

<Permanent diversions 

<Preserving natural vegetation 

<Construction entrances 

<Check dams 

<Filter berms 

<Grass-lined channels 

<Riprap

 Sediment Control 

<Temporary diversion dikes 

<Wind fences & sand fences 

<Brush barriers 

<Silt fences 

<Sediment basins & rock dams 

<Sediment filters & sediment

   chambers 

<Sediment traps 

<Storm drain inlet protection 

Others 

<Turf reinforcement mats


<Vegetative covers


Erosion Control 

<Chemical stabilization


<Mulching


<Permanent seeding


<Sodding 


<Soil roughening


<Geotextiles


<Gradient terraces


<Soil retention


<Temporary slope drains


<Temporary stream crossings


<Vegetated buffers


<Phase construction


<Construction sequencing


<Dust control


Good Housekeeping 

<General construction site waste

    management 

<Spill prevention & control plans 

<Vehicle maintenance & washing areas 

<Contractor certification & inspector

   training 


<Construction reviewer 


<BMP inspections & maintenance 


<Model ordinances
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Table 5-1. BMP Options under the Six Minimum Control Measures Required by
 U.S. EPA’s NPDES Stormwater Regulations: Phase I and II1 

Minimum Control Best Management Practice Options 
Measure 

Ò	 Post-
Construction 
Stormwater 
Management in 
New 
Development & 
Redevelopment 

Structural BMPs 

<Dry extended-detention pond 

<Wet ponds 

<Infiltration basins 

<Infiltration trenchs 

<Porous pavements 

<Bioretention 

<Sand & organic media filters 

<Stormwater wetlands 

<Grassed swales 

<Vegetated filter strips 

<Catchbasin/Catchbasin inserts 

<In-line storage 

<Manufactured products for

    stormwater inlet 


<Greenroofs3


<Rain gardens2


<Dry wells2


Nonstructural BM Ps 

<Alum injection 

<Buffer zones 

<Open space design 

<Urban forestry 

<Conservation easements 

<Infrastructure planning 

<Narrower residential streets 

<Eliminating curbs & gutters 

<Green parking 

<Alternative turnarounds 

<Alternative pavers 

<BMP inspection & maintenance 

<Ordinances for post-construction runoff 

<Zoning 

Others 

<Modular treatment system


<Dynamic vortex separators3


Ó	 Pollution 
Prevention/ 
Good 
Housekeeping 
for Municipal 
Operations 

Source Controls 

<Pet waste collection 

<Automobile maintenance 

<Vehicle washing 

<Illegal dumping control 

<Landscaping & lawn care 

<Pest contro l 

<Parking lot & street cleaning 

<Roadway & bridge maintenance 

<Septic system controls 

<Storm drain system cleaning 

<Alternative discharge options

    for chlorinated water 

Materials management 

<Alternative products 

<Hazardous materials storage 

<Road salt application & storage 

<Spill response & prevention 

<Used oil recycling 

<Materials management 

Others 

<Airplane deicing fluid recovery

    system 

<Catchbasin cleaning 

<Coverings 

<Employee training 

<Flow diversion 

<Handling & disposal of residuals 

<Environmental effects from highway

 ice & snow removal operations


<Internal reporting


<Materials inventory


<Preventative maintenance


<Record keeping


<Spill prevention planning


<Stormwater contamination


 assessment


<Visual inspections


1Taken from U.S. EPA’s menu of BMPs website (U.S. EPA, 2003b)

2BMPs expanded out of the On-Lot Treatment listing from the U.S. EPA’s menu of BMPs

3Additional BMPs not specifically listed in the U.S. EPA’s menu of BMPs
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It has been estimated that pollutant load reductions of 25 to 40% will occur when permitted 
NPDES stormwater management programs are fully implemented (Taylor and Wong, 2002a). 
However, these estimates may be overly optimistic because municipalities often lack the 
resources to enforce full implementation of their stormwater programs.  For example, auditing of 
construction sites subject to stormwater controls under one municipality found an average 
compliance rate of 50% (Taylor and Wong, 2002a).  Yet, compliance and subsequent pollutant 
load reductions may improve over time as public awareness increases and attitudes and behaviors 
change. For instance, another municipality reported a 30 to 40% compliance rate in the first few 
years of the stormwater management program, but 90% compliance nearly a decade later (Taylor 
and Wong, 2002a). Enforcement initiatives also increase compliance, but enforcement and 
education both require a commitment of time and money. 

The total maximum daily load (TMDL) program of the Clean Water Act may also play a role in 
BMP selection for stormwater outfalls whose receiving waters are listed as impaired and thereby 
subject to a TMDL. If the stormwater outfall is already regulated under a NPDES permit and a 
TMDL is required for its receiving water, then a wasteload allocation must be assigned to the 
outfall. The BMP or set of BMPs selected must then be able to achieve effluent loadings that 
meet the wasteload allocated.  Even if a stormwater outfall is not subject to a NPDES permit, it 
may still be addressed in a TMDL under the load allocation component if it’s receiving water 
requires a TMDL. See Wayland and Hanlon (2002) for more information on BMPs and how 
they fit into the TMDL program. 

The Coastal Zone Act Reauthorization Amendments (CZARA), Section 6217, is another 
regulatory consideration.  This section of CZARA outlines additional stormwater requirements 
for coastal states. The part of CZARA that is the most influential is the new development 
measure.  This measure requires either post-construction total suspended solids (TSS) loadings 
remain at pre-construction levels or at least an 80% reduction in annual TSS loading of storm 
runoff to the receiving water must be achieved after the construction is over and the site has been 
allowed time to stabilize (U.S. EPA, 2002a). For coastal areas this one requirement may be the 
primary driver for BMP selection.  Only a few structural BMPs listed under the 5th minimum 
control measure in Table 5-1 are capable of consistently achieving 80% TSS reduction 
individually (NJDA et al., 2000). However, the 80% removal may be reached by using more 
than one BMP per site. More information about TSS removal efficiency is presented in Section 
5.1.4. 

The Endangered Species Act is a fourth federal regulation that may affect BMP selection. 
Waterways designated as critical habitat areas of endangered animals may require extra levels of 
protection by BMPs (Clar et al., 2003). For example, cold water species protection may rule out 
BMPs with unvegetated permanent pools that are likely to contribute to temperature pollution, 
unless the BMP can be designed offline with significant shading over open pool areas (U.S. EPA, 
2002a).  Other examples include protecting existing hydrology for both fish and amphibians. 

State and local municipal regulations will also need to be reviewed before final BMP selection. 
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5.1.2 Site Factors

Site suitability is one of the key factors to successful BMP performance, especially for structural 
BMPs (U.S. EPA, 1999a).  Thus, particular attention must be paid to site suitability in BMP 
selection. Site factors such as drainage area characteristics, climate and meteorological 
characteristics, and physical factors at the location of BMP installation need to be considered 
during BMP selection. The information presented in this section as well as the remaining 5.1 
subsections relates primarily to the more common structural BMPs listed in Table 5-1 (namely 
those BMPs covered in Chapter 3). 

Drainage area characteristics include watershed size, land use (existing, at full build-out, and 
other planned intermediate land use changes), and proximity to sensitive receiving waters.  Land 
use is often used as a selection factor under the assumption that a successful BMP in one 
drainage area will be successful in a second area with similar land uses.  Studies have shown a 
correlation between land use and stormwater quality (GeoSyntec and ASCE, 2002; Selvakumar 
and Borst, 2003).  However, GeoSyntec and ASCE (2002) cautions that over reliance on this 
correlation may not yield the desired result due to considerable variation in stormwater quality 
and BMP performance even within the same land use category.  Whether the BMP will serve 
new development or be installed as a retrofit is important. For example, certain BMPs such as 
swales typically are more practical for a new site that does not already have a curb and gutter 
system. The overall directly-connected percent imperviousness of the drainage area can make a 
large difference in BMP selection.  Ultra-urban sites with little or no pervious areas are 
particularly difficult to retrofit.  BMPs such as disconnecting roof leaders may only lead to 
flooding of streets and basements if not planned carefully.  Limited available land in ultra-urban 
sites generally eliminates most structural BMPs with large land requirements, (e.g., retention and 
detention ponds). Pocket retention or detention ponds, or pocket wetlands are design variations 
of their respective larger BMPs that may be used when land is limited.  Pocket variety BMPs 
require less of a footprint, but serve a much smaller drainage area.  Sand filtration systems due to 
their compact size and structured nature have been increasingly used in ultra-urban areas (U.S. 
EPA, 1999a).  In fact, filters can be installed as underground devices which keep their footprints 
to a minimum.  A summary of drainage area characteristics as they apply to the most commonly 
used BMPs is presented in Table 5-2. This table represents generalized information that may not 
be applicable in all situations. 
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Table 5-2. Generalized BMP Suitability for Relevant Drainage Area Characteristics1 

BMP Type Drainage Area Land Use New Development or High Percent Land Area 
Size2 Retrofit Imperviousness Areas Requirements 

Dry extended- 10-acre widely applicable both, depends on land yes, depends on land substantial, 
detention pond minimum availability availability moderate for 

pocket dry ponds 

Wet retention 20 - 25-acre widely applicable, both, depends on land yes, depends on land substantial, 
pond minimum, 5­

acre maximum 
ideal for parking lots availability, pocket wet 

ponds may be more suitable 
availability moderate for 

pocket wet ponds 
for pocket wet for retrofit situations 
ponds 

Infiltration 
trench 

5-acre maximum not appropriate for 
construction areas or 
other areas with a 
high solids source 
which may cause 
premature clogging 

new development only, soil 
compaction probable and 
cost prohibitive in existing 
developments 

sometimes, soil 
compaction under trench 
possible and infiltrated 
water may interfere with 
existing infrastructure 

minimal 

Porous 
pavement 

maximum ratio 
of contributing 
drainage area to 
pavement area is 
3:1 

parking lots, 
driveways, residential 
roads with no heavy 
vehicles and low 
traffic volume 

both, retrofit of large areas 
may become cost 
prohibitive 

yes, distributive nature of 
porous pavement may 
cope with low infiltration 
rates, and subsurface 
drainage systems may be 
installed when infiltration 

not applicable, 
product 
substitution with 
no additional 
space 
requirements 

isn’t sufficient without 
incresing land 
requirements 
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Table 5-2. Generalized BMP Suitability for Relevant Drainage Area Characteristics1 

BMP Type Drainage Area Land Use New Development or High Percent Land Area 
Size2 Retrofit Imperviousness Areas Requirements 

Bioretention 2 - 5-acre 
maximum 

ideal for parking lot 
islands, and between 
roads and sidewalks, 

both, retrofit of large areas 
can be cost prohibitive 

yes, ideally suited minimal 

also good for rooftop 
runoff 

Sand or 
organic media 
filter 

10-acre 
maximum for 
surface filters, 2­

widely applicable, 
ideal for parking lots 

both yes, ideally suited minimal to 
moderate for 
surface filters, 

acre maximum minimal for 
for perimeter or 
underground 
filters 

perimeter or 
underground 
filters 

Stormwater 20 - 25-acre widely applicable, both, depends on land yes, depends on land substantial, 
wetland minimum, 5­

acre maximum 
ideal for parking lots availability, pocket 

wetlands may be more 
availability moderate for 

pocket wetlands 
for pocket suitable for retrofit 
wetlands situations 

Grassed swale 5-acre maximum ideal for roadsides 
(residential and 
highways) and other 
areas with sheet flow 

both, although not usually 
practical for retrofit in 
existing curb and gutter 
areas 

no, moderately sized and 
decentralized land 
requirements are usually 
not available 

moderate, but 
variable 

runoff 
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Table 5-2. Generalized BMP Suitability for Relevant Drainage Area Characteristics1 

BMP Type Drainage Area 
Size2 

Land Use New Development or 
Retrofit 

High Percent 
Imperviousness Areas 

Land Area 
Requirements 

Vegetated filter 
strip 

depends on 
design, approx. 1 
acre per 580-ft 
strip length 

ideal for roadsides 
(residential and 
highways) and other 
areas with sheet flow 

both, depends on land 
availability 

no, impractical due to 
large land requirements 
relative to the treated 
drainage area 

moderate 

runoff, practical for 
very small parking 
lots only 

1Source of data: (NJDA et al., 2000; NYSDEC, 2001; U.S. EPA, 2002a; Clar et al., 2003; U.S. EPA, 2003b; ARC, 2001) 
2Th e num bers g iven are app roxim ate.  Lo cal situatio ns may require large r or allo w sma ller area s. 
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Climate and meteorological characteristics that should be considered in BMP selection include 
rainfall frequency, duration, intensity, climate (e.g., arid or cold), and evapotranspiration 
potential. Infiltration BMPs such as infiltration trenches and filter strips may not have the 
capacity to handle frequent (e.g., back-to-back) and/or intense storms.  Cold climates with sub­
freezing temperatures at least part of the year, may present difficulty, although design 
modifications can usually be applied (GeoSyntec and ASCE, 2002).  Arid climates with high 
average temperatures also may be problematic for certain BMPs.  The performance of BMPs 
which rely on availability of water, such as vegetative systems (e.g., filter strips and swales) and 
those BMPs with open water (e.g., wetlands and retention ponds) can decrease without an 
adequate water supply.  Under such conditions, they may even become a public nuisance 
(GeoSyntec and ASCE, 2002).  Climatic considerations for most common structural BMPs are 
presented in Table 5-3.  Evapotranspiration potential is a related issue.  Frost (2003) suggests 
plotting rainfall versus evapotranspiration potential on a monthly basis.  Areas in which 
evapotranspiration exceeds rainfall for a predominant amount of the year will be good sites for 
infiltration BMPs and nonstructural BMPs such as disconnecting impervious areas.  The soils in 
these areas will dry out quickly and thus will be able to absorb more rainfall. 

Finally, physical characteristics of the BMP site location are important factors in BMP selection. 
Soil characteristics such as permeability and erosiveness are some obvious examples.  Infiltration 
systems necessitate infiltration rates of 0.5 in./h or above (GeoSyntec and ASCE, 2002). 
Infiltration systems also typically require at least 4 feet of soil, thus depth to bedrock or 
groundwater is important. If groundwater is near the surface, the possibility for groundwater 
contamination must be considered before selection of an infiltrating BMP.  Site slope is another 
factor. For example, gradients for swales “should be as close to zero as possible and should not 
exceed 5%” (Frost, 2003). The specific geological feature, karst geology, is not appropriate for 
many BMPs as the formation of sink holes are likely (NJDA et al., 2000).  Finally, the hydraulic 
head of a particular site, or the difference in elevation between the drainage area and the BMP 
site itself is important as most BMPs operate by gravity flow through the system (NJDA et al., 
2000). Some structural BMPs are not affected by physical location.  These BMPs are entirely 
manmade and self contained systems (e.g., in-line storage, catchbasins and catchbasin inserts, 
manufactured products for stormwater inlets, and rain barrels and cisterns).  Along with the 
climatic considerations, Table 5-3 also summarizes physical site considerations for most 
common structural BMPs. As before, the recommendations/limitations listed in Table 5-3 are 
generalized.  Local conditions and engineering requirements may call for more or less 
restrictions. 
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Table 5-3. Generalized BMP Suitability for Relevant Climate and Physical Site Characteristics1 

BMP Type Climate Soils Depth to Bedrock/ 
Water Table 

Slope Karst 
Geology 

Hydraulic 
Head 

Dry modifications necessary suitable for all soils, high levels of maximum of impermeable 6 - 8 ft 
extended- for both cold and arid highly erodible soils contamination 15% liner required 
detention climates may require lined low require at least 2 - 4 upstream, 
pond flow channel ft to water table, locally 

otherwise can be less relatively flat 

Wet retention 
pond 

may not be suitable for 
arid climates where 
permanent pool may be 
difficult to maintain, 

suitable for all soils, 
highly permeable soils 
may require an 
impermeable liner to 

pond and ground 
water can intersect 
unless high levels of 
contamination 

maximum of 
15% 
upstream, 
locally 

impermeable 
liner required 

6 - 8 ft, 
4 ft for 
pocket wet 
ponds 

design variation needed maintain permanent expected, then at relatively flat 
in cold climates pool least 2 - 4 ft to water 

table 

Infiltration 
trench 

modifications necessary 
for both cold and arid 
climates 

maximum of 20% clay 
and 40% silt/clay 
content, infiltration 
rates between 0.5 and 
3 in./h 

2 - 5 ft minimum 
from the bottom of 
the trench to bedrock 
or the seasonally 
high water table, at 
least 100 ft from 

maximum of 
15% 
upstream, 
locally 
relatively flat 

not practical 
due to sink 
hole 
formation 

1 - 4 ft 

down-gradient 
drinking wells 
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Table 5-3. Generalized BMP Suitability for Relevant Climate and Physical Site Characteristics1 

BMP Type Climate Soils Depth to Bedrock/ 
Water Table 

Slope Karst 
Geology 

Hydraulic 
Head 

Porous 
pavement 

not suitable for cold 
climates where sand or 
salt deicing is used or 
where pavement is 
subject to compaction 
and wear and tear from 

maximum of 20% clay 
and 40% silt/clay 
content, infiltration 
rates between 0.5 and 
3 in./h, otherwise use 
with under pavement 

2 - 5 ft minimum 
from the bottom of 
the basin to bedrock 
or the seasonally 
high water table, at 
least 100 ft from 

completely 
flat 

not practical 
due to sink 
hole 
formation 

not 
applicable 

heavy snow plows, storage drinking wells 
freezing of infiltrating 
runoff may cause frost 
heave if base of stone 
reservoir is not below 
frost line 

Bioretention minor modifications may 
be necessary for both 

suitable for all soils, 
water percolates 

2 ft minimum to 
water table 

maximum of 
5% for both 

impermeable 
liner required 

2 - 5 ft 

cold and arid climates through manmade bed upstream and 
local 

Sand or minor modifications may suitable for all soils, 2 ft minimum to maximum of not an issue, 5 - 8 ft for 
organic be necessary for cold water percolates water table 6 - 10% filters are surface 
media filter climates, limited through manmade bed upstream, generally filters, 2 ft 

application in arid 
climates where need to 

locally 
completely 

concrete lined minimum for 
perimeter 

irrigate may outweigh flat filters 
benefit 
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Table 5-3. Generalized BMP Suitability for Relevant Climate and Physical Site Characteristics1 

BMP Type Climate Soils Depth to Bedrock/ 
Water Table 

Slope Karst 
Geology 

Hydraulic 
Head 

Stormwater not suitable for arid suitable for all soils, pond and ground maximum of impermeable 3 - 5 ft, 
wetland climates where highly permeable soils water can intersect 8 - 15% liner required 2 - 3 ft for 

permanent pool and 
vegetation may be 
difficult to maintain, 

may require an 
impermeable liner to 
maintain permanent 

unless high levels of 
contamination 
expected, then at 

upstream, 
locally 
relatively flat 

pocket 
wetlands 

design variation needed pool and/or wetland least 2 - 4 ft to water 
in cold climates soil conditions table 

Grassed 
swale 

limited application in 
arid climates where need 

suitable for most soils 
with some restrictions 

usually 2 ft 
minimum to water 

1 - 2% (4 ­
6% 

impermeable 
liner required 

1 ft 

to irrigate may outweigh 
benefit 

on the most 
impermeable soils, or 
poor soils which 

table, except in wet 
swale design 
variation that 

maximum) 
along the 
length of the 

cannot sustain healthy intersects with swale, can use 
vegetative cover, groundwater check dams to 
highly erodible soils adjust slopes 
will require a flatter 
slope and a highly 
stabilizing grass 
variety to reduce flow 
velocity 
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Table 5-3. Generalized BMP Suitability for Relevant Climate and Physical Site Characteristics1 

BMP Type Climate Soils Depth to Bedrock/ 
Water Table 

Slope Karst 
Geology 

Hydraulic 
Head 

Vegetated 
filter strip 

limited application in 
arid climates where need 
to irrigate may outweigh 
benefit 

not suitable for soils 
with high clay content 
or otherwise low 
permeable soils, or 
poor soils which 
cannot sustain healthy 

2 - 4 ft minimum to 
water table to ensure 
filter strip does not 
remain wet 

2 - 10% 
locally, 
< 2% will 
encourage 
ponding, 
> 6% 

not practical 
due to sink 
hole 
formation 

NA 

vegetative cover encourages 
concentrated 
flow 

1Source of data: (NJDA et al., 2000; NYSDEC, 2001; U.S. EPA, 2002a; Clar et al., 2003; U.S. EPA, 2003b) 
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5.1.3 Stormwater Quantity Issues 

Stormwater quantity issues include quantity (flood and drainage) control, peak flow reduction, 
groundwater recharge, and water reuse.  Stormwater quantity control is the historic purpose of 
BMPs, yet it is successfully achieved by very few.  Therefore, if stormwater quantity control is an 
objective, BMP selection will be more limited in options. Flood reduction has been the primary 
purpose of extended-detention ponds, or dry ponds (U.S. EPA, 2003a).  Retention ponds and 
treatment wetlands also provide stormwater quantity control (NJDA et al., 2000). However, 
since these BMPs are usually large regional facilities with large catchment areas they should be 
designed for full build-out conditions. Otherwise, the storage area available for larger storm 
flows may become too small which will eventually lead to increased downstream flooding. 
Other BMPs that provide peak flow reduction, such as in-line storage, bioretention, infiltration 
systems, swales, and greenroofs may help reduce flooding, but cannot be relied on as the sole 
mechanism for stormwater quantity control in areas where flooding is problematic.  However, 
peak flow reduction itself is an important factor. The excess energy contained in peak runoff 
flows accelerates stream bed erosion and degradation of habitat in the receiving water (U.S. EPA, 
1999a). This excess energy can also mobilize pollutants leading to decreased water quality. 
Both the maximum flows reached and the time that flows remain elevated above normal levels 
are important in peak flow reduction. 

In some areas groundwater recharge is an objective of BMPs.  Recharge has a dual benefit.  In 
addition to recharging essential underground aquifers, recharge also reduces stormwater runoff 
volume, reducing runoff pollutant loads, and thereby improving BMP effectiveness in preserving 
surface water quality.  As with quantity control, an objective of groundwater recharge has a 
limited number of possible BMPs that will be effective at achieving this objective. Infiltration 
systems such as infiltration basins, infiltration trenches, and porous pavement are obvious 
choices.  Less obvious choices for groundwater recharge include vegetated filter strips, swales, 
dry wells, and rain gardens (NJDA et al., 2000).  A review of the U.S. EPA/ASCE’s BMP 
database found a reduction of stormwater volume of almost 30 percent for vegetative filter strips 
and 30 percent for dry detention ponds (Strecker et al., 2004). These reductions are likely to 
directly contribute to groundwater recharge.  Other BMPs analyzed (wet retention ponds, 
hydrodynamic devices, and wetlands) were not found to contribute significantly to groundwater 
recharge (i.e., runoff volumes were not reduced by these BMPs) (Strecker et al., 2004). 

In areas where freshwater sources are scarce, using stormwater as a water source for direct use 
can be a great benefit.  The state of Florida, for example, is actively encouraging stormwater 
reuse (FDEP, 2003). Stormwater runoff can be collected and reused to meet irrigation needs for 
land uses, such as commercial areas and golf courses, or used for toilet flushing or industrial 
process waters. The water reuse option is generally reserved for retention pond type BMPs for 
large scale operations (U.S. EPA, 2003a).  Cisterns act in a similar fashion, as do rain barrels 
albeit on a much smaller scale.  In addition to the savings associated with using stormwater as a 
resource, “stormwater reuse can help to maintain a more natural, pre-development hydrologic 
balance in the watershed” (U.S. EPA, 1999a). Hydrologic balance is achieved through irrigation 
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by releasing the stormwater slowly and allowing evapotranspiration, infiltration, and 
groundwater recharge, thereby restoring area aquifers to their natural levels. 

Table 5-4 contains a summary of the ability of common structural BMPs to address the four 
issues of stormwater quantity. Two structural BMPs (catchbasins and catchbasin inserts, and 
manufactured products for stormwater inlets) have no influence on quantity issues. 
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Table 5-4. Generalized BMP Suitability for Water Quantity Control Issues1 

BMP Type Flood Control Peak Flow Reduction Groundwater Recharge Water Reuse Options 

Dry high, ideally suited, ~30% high, with minor design low to moderate, depends on no 
extended- reduction in total runoff modifications, low for local soil permeability and 
detention volume but may increase common design practice possible basin liner or low flow 
pond downstream flooding in some of 2-yr storm control channel, highest when pond is 

cases completely inundated 

Wet retention high, ideally suited, but may high, with minor design none to low, if local soil yes, ideally suited 
pond increase downstream flooding 

in some cases 
modifications, lower for 
common design practice 

permeability is high enough for 
significant recharge then the 

of 2-yr storm control basin must be lined inhibiting 
recharge 

Infiltration 
trench 

moderate moderate, when 
successfully designed 
and maintained all runoff 

high, ideally suited no 

flow will be diverted to 
groundwater 

Porous variable, high, when successfully high, ideally suited when sited no 
pavement low to moderate for 

monolithic, moderate to high 
designed and maintained 
all runoff flow will be 

appropriately, approximately 70 
- 80% of annual rain falling 

for modular diverted to groundwater directly onto porous pavement 
surface area may exfiltrate to 
groundwater 

Bioretention low to moderate, ~40% low on an individual none, runoff collected in an possible, filtered water 
volume reduction basis, scale generally too underdrain system collected in underdrain 

small to have a system could be 
significant impact diverted to a cistern or 

rain barrel 
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Table 5-4. Generalized BMP Suitability for Water Quantity Control Issues1 

BMP Type Flood Control Peak Flow Reduction Groundwater Recharge Water Reuse Options 

Sand or none to low none to low none, runoff collected in an possible, filtered water 
organic underdrain system, exfiltration collected in underdrain 
media filter design modifications can be system could be 

incorporated to provide some diverted to a cistern or 
recharge rain barrel 

Stormwater 
wetland 

moderate to high, may increase 
downstream flooding in some 
cases; large fluctuations in 
water level normally 
associated with flood control 

high, with minor design 
modifications, low for 
common design practice 
of 2-yr storm control 

none, may be some immediately 
following installation, but build­
up of sediment at the bottom will 
eventually stop infiltration 

possible, but support of 
wetlands vegetation 
necessitates a minimum 
acceptable permanent 
volume 

may permanently damage 
wetland function 

Grassed 
swale 

low to moderate, reported 
reduction in total runoff 

low, 2 - 6% reduction 
over conventional curb 

low to moderate when properly 
constructed and maintained; 

no 

volumes = 6 - 30% over curb 
and gutter system, and ~47% 
influent end versus effluent 

and gutter system none for wet swales 

end 

Vegetated low to moderate, ~30 - 40% low moderate when properly no 
filter strip reduction in total runoff maintained 

volume (influent end versus 
effluent end) 

1Source of data: (Schueler, 1987; WEF and ASCE, 1998; COV, 1999; NJDA et al., 2000; U.S. EPA, 2002a; Clar et al., 200 3; U .S. EP A, 20 03b ; Bar rett, 

2004a; Strecker et al., 2004) 
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5.1.4 Water Quality Performance - Pollutant Removal 

Pollutant removal has become one of the main objectives for using BMPs.  Since NPDES began 
permitting point sources of pollution under the Clean Water Act, the nation’s waters have 
improved significantly (U.S. EPA, 2000).  However, as point source controls improved, diffuse 
sources (especially, stormwater runoff), have increased in relative significance and are now a 
leading contributor to receiving water impairment.  In particular, urbanized areas “export large 
quantities of pollutants during storm events” (U.S. EPA, 1999a). The NPDES Stormwater 
Regulations (Phase I and II) and CZARA were passed to address this problem.  The NPDES 
Stormwater Regulations require pollutant reduction to the maximum extent practicable, while 
CZARA makes use of TSS as a pollutant indicator requiring 80% reduction in TSS whenever 
annual TSS loadings cannot be maintained at or below pre-development levels (U.S. EPA, 
1999a; U.S. EPA, 2000). These regulatory initiatives and the use of BMPs in TMDL 
requirements have been the main drivers behind the focus on BMPs as pollutant removers. 

Many studies of the pollutant removal efficiencies of BMPs can be found in the literature.  The 
majority of these data are presented in percent removals, but observed effluent quality ranges are 
also sometimes reported.  It must be stressed that due to the variable nature of BMPs, 
numerically reported efficiencies are not easily transferable between sites, years, or even storms 
at the same BMP. Therefore, selecting a BMP based on reported removal numbers may not 
produce the desired result. Literature values for BMP pollutant removal efficiency should be 
considered general estimates and too much emphasis on these numbers could be misleading. 
Pollutant removal efficiency is site specific and highly variable between storm events even 
within the same site. To achieve the desired water quality performance, it will be more 
advantageous to develop an understanding of factors that are known to contribute to BMP 
variability instead of focusing on specific numbers.  Thus, the first portion of this section will 
explore the factors that affect variability in BMP water quality performance.  Only after these 
factors have been discussed will approximate numerical efficiencies be presented.  These first 
two subsections will focus primarily on structural BMPs.  The water quality of nonstructural 
BMPs will be covered in the final subsection. 

5.1.4.1 Factors Affecting Variability in Pollutant Removal by Structural BMPs

The factors that affect variability in structural BMP water quality performance can be divided 
into two main categories: (1) factors that affect perceived or measured performance; and (2) 
factors that affect true or actual performance.  Factors affecting perceived performance are 
governed by how the samples were taken, measured, and analyzed.  These are the elements that 
must be considered when developing or reviewing a BMP monitoring plan.  Some major points 
are reviewed here briefly.  Chapter 4, BMP Monitoring should be consulted for more detail. 
Factors affecting true or actual performance will be discussed here in more depth. 

(1) Factors That Affect Perceived or Measured Performance 
Many parameters must be satisfied to collect a true representative sample.  A few examples of 
these parameters are accurate flow measurement (and synchronization with sampling time for 
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discretes) to ensure accurate flow-weighted sampling, a large enough sampling period to capture 
the entire storm/runoff event and identify the presence of dry weather flows, and proper selection 
and placement of sampling equipment and intake lines. Once a sample is taken, analytical and 
human error during pollutant measurement may introduce additional variability.  Finally, once 
the data has been generated, choices made during data analysis can have a significant impact on 
the final reported pollutant removal efficiencies.  There are many different methods available to 
evaluate BMP pollutant removal efficiency.  In one case study, four different methods of 
evaluating pollutant removal efficiency were compared using the same set of data.  The four 
methods were percent removal, summation of loads, regression of loads, and average percent 
removal of individual storms (GeoSyntec and ASCE, 2002).  The calculated efficiency varied 
greatly from -2 to 82%.  When comparing across BMP types, the method chosen to analyze the 
data can skew the overall results. For instance, methods used to evaluate BMPs in which 
infiltration is the dominant pollutant removal mechanism should be based on loads, not 
concentrations. Comparing the pollutant removal efficiency of an infiltration basin to a wet pond 
on the basis of concentrations will likely favor the wet pond, even if the infiltration basin is 
resulting in less pollutant loading to the receiving water. 

Another factor that will alter the perceived performance is whether bypass volumes are included 
in efficiency calculations.  If a BMP is designed with a bypass or to treat only a portion of the 
total runoff volume, whether or not the efficiency is calculated based on the whole system (i.e., 
entire runoff volume) or only on the portion of runoff actually captured and treated by the BMP, 
will make a large difference in the reported numbers.  In the past it has not always been clear in 
these situations which method of data analysis was used.  

(2) Factors Affecting True or Actual Performance 
In addition to variability in measured performance, the true pollutant removal efficiency is highly 
variable among sites utilizing the same BMP type, and even among storms within one BMP. 
Four governing factors have been identified as the key elements in pollutant removal which 
produce this variability: (1) active pollutant removal mechanisms; (2) BMP design 
characteristics; (3) influent pollutant properties and concentrations; and (4) conditions within the 
BMP. The components within each factor sometimes overlap or interact with each other 
resulting in a complexity that is extremely difficult to model with simplistic tools like percent 
removals.  Thus, pooling of water quality performance data often results in meaningless numbers. 

Active Pollutant Removal Mechanisms 
As discussed in Chapter 2, mechanisms for pollutant removal in BMPs include sedimentation, 
filtration, infiltration, sorption, phytoremediation, biological uptake, biological conversion, 
floatation, and natural degradation (e.g., photolysis, hydrolysis, or volatilization) (U.S. EPA, 
1999a). Each mechanism provides a different efficiency of removal for different types of 
pollutants. For example, sedimentation typically will provide good removal for TSS, but will not 
remove dissolved pollutants. The actual removal efficiency of an active pollutant removal 
mechanism is dependant on all three of the remaining governing factors.  As shown in Chapter 2, 
Table 2-4, most structural BMPs incorporate more than one of these mechanisms.  Thus, a 
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particular type of BMP will be appropriate for certain pollutants depending upon the dominant 
removal mechanisms. 

BMP Design Characteristics 
The basic design of each type of structural BMP has many variations.  Many of these variations 
can affect the pollutant removal capacity of the BMP.  The following list provides some 
examples of prominent BMP design features that affect pollutant removal.  This list is not meant 
to be an exhaustive coverage of all necessary elements in BMP design.  BMP design is discussed 
in detail in Chapter 3. 
•	 In pond (both detention and retention) and wetland type BMPs residence time is a key.  It 

will dictate how much sediment will settle out of the water column before the effluent is 
discharged. 

•	 Length to width ratio, depth, and total storage volume will also be important for 
sedimentation efficiency in pond and wetland systems. 

•	 For BMPs with permanent pools, the volume of the permanent pool in relation to the 
area’s average storm rainfall volume will determine the amount of treatment afforded. 
Larger pool volumes will produce better and less variable effluent quality (Barrett, 2004b; 
Strecker et al., 2004). 

•	 Total length and slopes are keys for a swale or vegetated filter strip.  A longer length or 
lower slope will promote a greater level of soil infiltration and filtration by the vegetation 
within the BMP. 

•	 The presence, condition, and type of vegetation will affect the efficiency of 
phytoremediation. 

•	 In a sand filter, the grain size of sand will determine the filter pore size, which in-turn 
will affect the efficiency of filtration. 

•	 The type of media used in a media filter will affect the efficiency of sorption and 
filtration. 

Influent Pollutant Properties and Concentrations 
The properties and concentrations of the influent pollutants to a stormwater BMP will affect the 
efficiency of their removal.  For example, if the size distribution of solids in the stormwater 
influent is predominantly on the small end, then sedimentation and size exclusion filtration (as 
found in sand filters) will be less efficient than if the size distribution is predominantly on the 
larger end.  Another example is the percentage of particle association of pollutants such as metals 
and nutrients. For influents with a high percentage of particle association, more pollutant 
removal mechanisms will be involved resulting in a higher overall removal efficiency.  However, 
for influents with little particle association, the efficiency of phytoremediation, sorption, and 
other pollutant removal mechanisms that are more effective for dissolved constituents will 
govern the overall pollutant removal. 

Influent pollutant properties and concentrations are determined by three very important, but 
secondary factors: (1) drainage area characteristics; (2) storm characteristics; and (3) 
climatological factors.  Drainage area characteristics include land use, soil characteristics,  site 
geology, and site topography.  A different suite of pollutants will be expected depending upon the 
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contributing land uses present.  For example, runoff from high density highways will likely 
contain relatively high levels of metals (e.g., lead (Pb), zinc (Zn), iron, copper (Cu), cadmium, 
chromium, nickel (Ni), and manganese) due to normal operation and frictional wear of vehicles 
(FHWA, 2000). The characteristics of the soil, such as infiltration rates and sorptive capacity can 
influence the concentration (by reducing the total runoff volume) and the particle association of 
pollutants, respectively. The underlying geology of the area will dictate the characteristics of the 
soil. Finally, site topography can enhance the erosional energy associated with stormwater 
runoff. In areas with steeply sloping terrain, runoff will reach greater velocities and therefore be 
more likely to erode and carry larger soil particles. 

Storm characteristics include intensity and duration of the rainfall, the length of antecedent dry 
period, and the characteristics of the rainfall itself.  Storm intensity and duration will impact the 
energy of the runoff, thereby effecting its pollutant carrying capacity.  Storm intensity times 
duration, i.e. total storm volume, will affect pollutant concentrations through dilution.  Rainfall 
duration (along with the antecedent dry period which will dictate how close the soil moisture 
content is to it’s saturation point) will also affect the amount of infiltration attainable.  This is 
especially important in infiltrating BMPs such as infiltration trenches.  The length of the 
antecedent dry period, up to a point, can affect the influent pollutant concentrations due to a 
phenomenon called build-up/wash-off (WEF and ASCE, 1998). In between storms, processes 
such as atmospheric deposition, wind erosion, and vehicle leaking or wear of mechanical parts 
will accumulate pollutants on land and street surfaces. Rainfall runoff will wash some portion of 
the accumulated pollutants away.  The longer the antecedent dry period, the more time pollutants 
have to accumulate, and thus the higher pollutant concentrations are likely to be in the runoff. 
However, wind erosion may also remove pollutants creating a maximum build-up level. 
Sometimes, the rainfall itself can contribute to the pollutant loading.  This is especially true if 
nitrogen is a target pollutant as rainfall is known to contain high ammonia and nitrate levels 
(Rushton, 1998). 

Climatological factors include temperature, solar radiation, season, and wind.  Temperature will 
effect the influent pollutant properties by altering all kinetic reaction rates involved. 
Atmospheric deposition and adsoption/desorption are examples of kinetic processes that may be 
affected by changes in temperature.  Solar radiation, especially on unshaded, dark roofing 
material and blacktop paved surfaces, can increase the temperature of the runoff.  Temperature 
itself is considered a pollutant in the Clean Water Act (Parikh, 2003). Seasonal effects on 
influent pollutant properties include the additional loading of de-icing chemicals, salts, and sand 
used during the winter.  These constituents will be present in abundance during snow melt 
events. Influent total phosphorus concentration have been reported to be lower during the winter 
months (Barrett, 2004b).  Large loadings of organic matter, primarily decomposing leaves will 
contribute high biological oxygen demand in the fall.  Nutrient loadings may be seasonally high 
during the spring and summer months, particularly if the catchment area is fertilized.  Finally, 
wind, as mentioned earlier, can contribute to soil erosion during dry times and also affects the 
patterns of atmospheric deposition. 
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Conditions within the BMP 
Conditions within the BMP that affect pollutant removal efficiency include dissolved oxygen 
levels, sediment cation exchange capacity, thermal stratification, BMP vegetation characteristics, 
climatological factors, possible groundwater intrusion, and BMP age and regularity of 
maintenance. Dissolved oxygen levels, in addition to being significant for oxygen-dependant 
aquatic organisms, also may control the concentrations of certain pollutants within a retention 
(wet) type BMP.  Low dissolved oxygen concentrations may cause phosphorus and the metals 
cadmium, copper, iron, and zinc, to leach out of bottom sediments (Rushton, 1998). The cation 
exchange capacity of the sediments of wetland and wet pond BMPs will affect the efficiency of 
sorption as a pollution removal mechanism. Thermal stratification within a BMP with a 
permanent pool will affect settleability of solids due to the establishment of density gradients. 
This effect causes poor performance in the winter months, especially when there is ice cover 
(Barrett, 2004b). The type and condition of vegetation within a BMP will determine the 
efficiency of phytoremediation mechanisms.  In grassed swales and vegetated filter strips, 
filtration efficiency will also be affected by the type and condition of the vegetation.  The 
climatological factors of temperature, solar radiation, season, and wind will effect the conditions 
within a BMP. Changes in temperature will cause changes in the kinetic rates of processes 
occurring within a BMP, such as adsorption/desorption, biological uptake, biological conversion, 
and natural degradation processes.  Solar radiation on a quiescent permanent pool BMP will 
contribute to temperature pollution.  Solar radiation will also increase pollutant removals through 
photolysis (Law and Band, 1998).  Season will affect the vegetation within a BMP.  During the 
growing season, nutrient uptake by vegetation will be at its peak, but during the fall die-back, 
vegetation will not uptake nutrients as readily and may even release some of the nutrients they 
had previously taken up.  Released nutrients may be in the same form or a different form from 
what was originally taken up.  Excessive wind can increase the dissolved oxygen in a pond or 
wetland type BMP.  In shallow BMPs such as wet swales, wetlands, and shallow ponds, wind 
will also interfere with settling and may even resuspend previously settled solids.  Possible 
groundwater intrusion into a BMP can contribute additional dissolved pollutant loadings or lead 
to dilution which can mask measured efficiencies when groundwater is not accounted for. 
Finally, BMP age and regularity of maintenance contribute variations in BMP pollutant removal 
efficiency.  If not removed in a timely manner, decay of gross solids may contribute to pollutant 
loadings. Also, accumulation of sediments within a BMP will decrease efficiency by creating 
excessive bypassing or short circuiting in filters and pond-type BMPs, respectively. 

5.1.4.2 Approximate Pollutant Removals of Structural BMPs

The pollutant removal of structural BMPs has been the subject of many studies.  As stated 
earlier, the majority of reported data is presented in percent removals.  This method of evaluating 
BMPs is widely criticized (see Section 4.5.4 for more information), however, a proven better 
measure for evaluating BMP pollutant removal efficiencies is not available and/or widely 
accepted (Urbonas, 2000; GeoSyntec and ASCE, 2002; U.S. EPA, 2002a; Clar et al., 2003). 
Recently some have suggested that observed effluent quality is a more robust method for 
characterizing BMP performance (Strecker et al., 2004). Therefore, the approximate pollutant 
removals of the most common structural BMPs are presented in terms of percent removals in 
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Table 5-5 and observed effluent quality in Table 5-6 for a select group of pollutants.  Prior to the 
presentation of Tables 5-5 and 5-6, it must be stressed again that due to the variable nature of 
BMPs, numerically reported efficiencies should be considered general estimates only. 

Table 5-5. Approximate Pollutant Removal Efficiencies for Common Structural BMPs1 

Percent Removal of Select Parameters 
BMP Type 

TSS TP2 TN2 NOx 
2 Metals 

Dry extended-
detention pond 

61 19 31 9 26 - 54 

Wet retention pond3 68 ± 10 55 ± 7 32 ± 11 34 ± 21 36 - 65 
(-33 - 99) (12 - 91) (-12 - 85) (-85 - 97) (-97 - 96) 

Infiltration trench 75 60 - 70 55 - 60 85 - 90 

Porous pavement 82 - 95 65 80 - 85 98 - 99 

Bioretention 804 65 - 87 49 15 - 16 43 - 97 

Sand or organic 
media filter 

66 - 95 4 - 51 44 - 47 -95 - 22 34 - 88 

Stormwater wetland5 71 ± 35 56 ± 35 19 ± 29 40 ± 68 0 - 57 

Grassed swale3 38 ± 31 14 ± 23 14 ± 41 13 ± 31 9 - 62 
(-100 - 99) (-100 - 99) (-100 - 99) (-100 - 99) (-100 - 99) 

Vegetated filter strip6 54 - 84 -25 - 40 204 -27 - 20 -16 - 55 

1all data from (U.S. EPA, 2003b) unless otherwise noted 
2TP = total phophorus; TN = total nitrogen; NOx = nitrite + nitrate nitrogen 
3summary of 35 studies for wet ponds and 20 studies for swales presented individually (U.S. EPA, 2003b): mean 

± 95% confidence level (minimum - maximum) 
4(ARC, 2001) 
5pond/wetland system 
6lower number corresponds to 75 ft buffer; upper number corresponds to a 150 ft buffer 

Although the data in Table 5-5 was taken primarily from one source (i.e., U.S. EPA, 2003b), the 
variability in percent removals is quite clear.  This is especially true for wet retention ponds and 
grassed swales. The U.S. EPA’s menu of BMPs (U.S. EPA, 2003b) listed numerous individual 
studies for these two categories.  The variability in reported percent removals was extreme.  In 
combining the listed data, the approximate percent removals had quite large confidence levels. 
The data in Table 5-6 is also taken from the U.S. EPA’s menu of BMPs (U.S. EPA, 2003b) and 
although it appears to be less variable, a large degree of uncertainty still exists in many instances. 
Thus, the data in Tables 5-5 and 5-6 corroborate the point that caution is strongly advised when 
applying collected pollutant removal efficiency data to a different site. 
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Table 5-6. Observed Effluent Quality Performance for Common Structural BMPs1 

BMP Type 
Effluent Quality of Select Parameters 

TSS 
(mg/L) 

TP 
(mg/L as P) 

TN 
(mg/L) 

NOx 

(mg/L as N) 
Total Cu 

(µg/L) 
Total Pb 

(µg/L) 
Total Ni 
(µg/L) 

Total Zn 
(µg/L) 

Detention 
pond 

32 ± 12 
(2.5 - 140) 

0.32 ± 0.04 
(0.02 - 0.86) 

1.8 ± 0.88 
(0.45 - 6.0) 

0.28 ± 0.052 

(0.25 - 0.60) 
20 ± 2.6 
(0.5 - 82) 

27 ± 6.4 
(1.3 - 200) 

4.8 ± 0.82 
(0.5 - 11) 

110 ± 18 
(0.70 - 610) 

Retention 
pond 

24 ± 3.9 
(0.03 - 250) 

0.39 ± 0.15 
(0.01 - 22) 

1.1 ± 0.09 
(0.10 - 4.1) 

0.12 ± 0.03 
(0.00 - 2.0) 

11 ± 1.7 
(0.13 - 130) 

14 ± 2.5 
(0.13 - 130) 

4.0 ± 0.96 
(0.11 - 23) 

24 ± 2.9 
(1 - 350) 

Infiltration 
trench 

240 ± 2602 

(120 - 420) 
NI3 2.0 ± 0.762 

(1.4 - 2.3) 
0.57 ± 0.322,4 

(0.36 - 0.73) 
NI 26 ± 252 

(12 - 42) 
NI 90 ± 842 

(50 - 150) 

Porous 
pavement 

24 ± 202 

(0.55 - 52) 
0.03 ± 0.012 

(0.02 - 0.04) 
2.95 0.554,5 8.4 ± 172 

(0.24 - 30) 
14 ± 122 

(0.91 - 33) 
NI 11 ± 8.82 

(1.5 - 26) 

Sand/Media 
filter 

11 ± 7.4 
(2.5 - 55) 

0.24 ± 0.04 
(0.002 - 2.3) 

NI 0.26 ± 0.012 

(0.25 - 0.34) 
17 ± 2.7 

(1.2 - 150) 
8.4 ± 1.6 

(1.0 - 110) 
4.5 ± 8.7 
(2.0 - 22) 

120 ± 22 
(1.0 - 960) 

Wetland 
Basin 

22 ± 8.1 
(0.14 - 730) 

0.13 ± 0.02 
(0.00 - 1.4) 

2.0 ± 0.60 
(0.01 - 51) 

0.22 ± 0.10 
(0.00 - 8.1) 

3.9 ± 0.53 
(0.50 - 16) 

1.6 ± 0.29 
(0.10 - 10) 

NI 47 ± 13 
(2.0 - 500) 

Grassed 
swale 

26 ± 23 
(5.0 - 56) 

0.28 ± 0.08 
(0.04 - 2.7) 

0.62 ± 0.10 
(0.06 - 2.7) 

0.85 ± 0.86 
(0.08 - 3.7) 

6.5 ± 1.3 
(0.30 - 56) 

4.3 ± 1.1 
(0.50 - 33) 

NI 34 ± 3.7 
(4.0 - 150) 

Vegetated 
filter strip 

37 ± 472 

(5.0 - 56) 
0.91 ± 0.62 
(0.15 - 9.3) 

NI NI 7.2 ± 1.7 
(1.0 - 17) 

15 ± 12 
(1.0 - 150) 

2.4 ± 0.762 

(2.0 - 4.3) 
44 ± 11 

(3.0 - 150) 
1 all data from the National Stormwater BMP Database (http://www.bmpdatabase.org/): mean ± 95% confidence level (minimum - maximum) 
2 base d on one stu dy on ly 
3 No Information 
4 nitrate o nly 
5 one d ata po int only 
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5.1.4.3 Approximate Pollutant Removals of Nonstructural BMPs

The nonstructural BMPs listed in Table 5-1, under Minimum Control Measure #5, will provide 
pollutant removal through source reduction or pollution prevention measures.  Public education 
and participation measures foster better personal decisions on issues that affect stormwater runoff 
quality.  The success of source controls that depend on public buy-in such as pet waste 
management, littering, lawn care and landscaping practices, vehicle washing practices, and used 
oil and hazardous waste collection and recycling programs rely heavily on education and 
participation of the community.  Effectiveness of these essential, but indirect BMPs is difficult to 
assess. Based on self-reported changes in behavior, intensive participation programs will be 
more effective at reducing pollutant loadings, than passive education measures such as brochures 
(Taylor and Wong, 2002a).  Further, more memorable educational measures such as theater 
productions about stormwater pollution issues and creative signage will be more likely to affect 
change. 

An additional nonstructural BMP of an effective stormwater management program is the 
detection and elimination of illicit connections to stormwater drainage systems.  Illicit 
connections may include improper sanitary sewage connections, effluent from improperly 
operating septic tanks, leaking tanks or pipes from industrial sites and wastewater from 
commercial car wash and laundry facilities (Pitt et al., 1993). When present, these discharges 
may result in significant pollutant loadings.  For example, the Wayne County Department of 
Public Health estimated that their illicit connection elimination program kept over 2,000 pounds 
of suspended solids from entering the storm sewer system over a four year period (U.S. EPA, 
2002b). Depending on the type of illicit connections identified, other pollutants that may be 
reduced by eliminating these connections include oxygen demanding substances, bacteria and 
other pathogens, hydrocarbons, and toxic chemicals.  Since the existence and relative volume of 
illicit connections are highly site specific, the effectiveness of this BMP is also highly site 
specific.  Pitt et al. (1993) and U.S. EPA (1999c) discuss methods of detecting illicit discharges 
and appropriate corrective measures. 

Construction site runoff management using erosion and sediment controls have been reported to 
be very effective at preventing solids from leaving the construction site.  The average suspended 
solids load reduction by erosion controls such as preventative construction planning and phasing 
and intensive site mulching and seeding has been estimated as approximately 85%, while 
sediment controls such as sediment fences and sediment basins are reputed to achieve 
approximately 60 to 70% (Taylor and Wong, 2002a). 

Although, the pollution removal efficiencies of most pollution prevention controls cannot be 
measured directly, some studies have produced estimates of the water quality control benefits of 
these nonstructural BMPs. A summary of this information is presented in Table 5-7.  Also, as 
mentioned above, a number of these measures are dependant on personal behaviors, thus the 
effectiveness of public education and outreach and public involvement and participation 
initiatives will indirectly affect the actual realized benefits. 
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Table 5-7. Generalized Water Quality Performance of Select Nonstructural BMPs1 

BMP Type Qualitative Control Information Estimated Percent Load 
Reduction 

Pet waste collection potential load reductions for bacteria none available 

Vehicle washing untreated car wash effluent is of poor quality (mean concentrations in mg/L none available 
from one study were copper = 0.386, lead = 0.113, total nitrogen = 4.11, 
total phosphorus = 0.32, TSS = 178, and zinc = 0.387); loading of these 
pollutants may be reduced if vehicle washing is performed on a vegetated 
area where effluents have an opportunity to infiltrate; removal could 
approach 100% if local ordinances require washing at facilities where 
effluents are drained to sanitary sewer lines 

Landscaping and choosing landscaping plants and designs with low maintenance regimes can none available 
lawn care decrease runoff volume through reduced watering requirements and 

reductions in nutrient loadings through reduced fertilization requirements; 
lawn and garden fertilization is estimated to contribute 80 - 85% of 
phosphorus loading in the spring 

Storm drain system removal of grass clippings and leaves from inlet structures can reduce copper: 3 - 4% 
cleaning organic carbon and nutrient loadings; significance of impact will depend on 

the land use of the drainage area 

Roadway and bridge preventative maintenance and prompt repairs of structural degradation will none available 
maintenance reduce solids loadings to runoff 

Pest control integrated pest management techniques can reduce pesticide and herbicide none available 
usage by 75 - 87% and 85 - 90%, respectively; information on how this 
translates to reduction in runoff loads is not available 
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Table 5-7. Generalized Water Quality Performance of Select Nonstructural BMPs1 

BMP Type Qualitative Control Information Estimated Percent Load 
Reduction 

Parking lot and 
street cleaning 

impact on organic carbon and nutrient loadings may be high during fall 
season due to deciduous leaf removal; access to the curb must be maintained 
using enforced parking restrictions for maximum effect; actual efficiency is 
highly dependant on sweeping frequency; frequencies need to be 
approximately once a week to maintain non-negligible effect 

cadmium, copper, 
and zinc: 45% 

chemical oxygen demand
 (COD): 34 - 45% 

iron: 13 - 60% 
lead: 5 - 48% 
litter: 95 - 100% 
organic nitrogen: 12 - 45% 
total phosphorus: 9 - 28% 
TSS: 37 - 50% 
soluble phosphorus: 45% 

Industrial good improved materials handling and storage practices can reduce sediment and copper: 42% 
housekeeping chemical loadings; the data shown are the estimated effects of improved lead: 72% 
practices industrial housekeeping measures (education of managers and implementa­ total nitrogen: 40% 

tion of an auditing program using a before/after study design), the estimated total phosphorus: 49% 
largest measure taken was moving one of three industrial material stockpiles 
in the catchment area from an uncovered to a covered area 

TSS: 8% 
zinc: 83% 

Catchbasin cleaning removal of grass clippings and leaves from inlet structures can reduce 
organic carbon and nutrient loadings; significance of impact will depend on 

COD, total phosphorus, total 
kjeldahl nitrogen (TKN), and 

the land use of the drainage area zinc: 5 - 10% 
lead and TSS: 10 - 25% 

Used oil and assuming that all household hazardous wastes and used oil would otherwise none available 
hazardous chemicals be dumped down storm drains, tens to hundreds of tons of these materials 
collection/recycling could be prevented from causing receiving water pollution 

1Source of data: (Taylor and Wong, 2002a) 
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5.1.5 Maintenance, Reliability, and Cost Issues 

Costs, including capital, operation and maintenance, and time and effort requirements associated 
with maintenance can be determining factors in the ultimate selection of an appropriate BMP. 
Specific costing issues are covered in detail in Chapter 6 of this document and, therefore, will not 
be repeated here. Thus, this section will focus on BMP reliability and maintenance regimes 
necessary to sustain BMP effectiveness. 

One strong factor in BMP selection is reliability of the BMP technology.  Planning and 
installation of a BMP can be costly and time consuming.  To achieve the expected benefits and 
avoid wasted efforts, the chosen BMP must be reasonably reliable.  Levels and factors relating to 
the reliability of the available BMP technologies are presented in Table 5-8. 

The level of maintenance can vary significantly from one BMP to the next.  Factors that affect 
the required level of maintenance include, BMP type, visibility of the BMP, landscaping, 
upstream conditions and safety issues (NJDA et al., 2000). If not maintained properly, the 
reasons for selection of the particular BMP, such as it’s basic level of pollutant removal 
performance and flood protection, will be lost.  For instance, if sediment is allowed to 
accumulate in the bottom of a retention pond, eventually the hydraulics within the pond will 
change and short-circuiting and/or a loss in treatment capacity may occur, thereby reducing the 
pollutant removal efficiency (Law and Band, 1998).  The accumulated sediment also will 
decrease the storage volume of the pond, which in turn will decrease the flood control value of 
the pond. 

Operational needs of BMPs include visual inspection, which should be done annually as a 
minimum and after intense storms (NJDA et al., 2000). Inspection checklists will be BMP- and 
site-specific. Some maintenance activities will be driven by these inspections.  For example, 
bank stabilization of emergency spillways should only occur if inspectors find that the bank is 
beginning to show signs of erosion. Other examples include cleanup of vandalism, removal of 
burrowing animals, and seeding or sodding in areas of dead or damaged ground cover.  These 
activities are usually unplanned and sporadic in nature and as such are not considered selection 
related. Other maintenance activities are expected occurrences that require routine attention and 
thus can be factored into the overall cost of a BMP (as seen in Chapter 6).  These maintenance 
activities are described for some commonly used BMPs in Table 5-8.  In summary, a higher 
maintenance burden can be expected with infiltration basins, infiltration trenches, porous 
pavement, and stormwater wetlands. A medium maintenance burden can be expected with dry 
extended retention ponds, wet ponds, sand and organic media filters, catchbasins and catchbasin 
inserts, manufactured products for stormwater inlets, and modular treatment devices.  A low 
maintenance burden can be expected with bioretention, grassed swales, vegetated filter strips, 
greenroofs, rain gardens, dry wells, and rain barrels/cisterns.  Finally, in-line storage devices 
carry little maintenance burden at all since they are designed to be self-cleaning.  However, they 
should be inspected regularly for malfunction and/or clogging. 
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Nonstructural BMPs (with a few exceptions, such as street and catchbasin cleaning) are not 
generally thought of as having maintenance issues in the usual sense of the word, however, they 
do require ongoing effort.  Education and public participation programs must continually evolve 
to remain productive and reach new audiences.  Although genuine participation programs are 
more effective than purely educational programs, they require a much greater time commitment. 
Participation programs require the fostering of partnerships between agencies and community 
stakeholder groups (Taylor and Wong, 2002a).  To maintain these partnerships in proper working 
order takes continuing time and effort. 
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Table 5-8. Generalized Structural BMP Reliability and Maintenance Requirements1 

BMP Type Reliability Required Maintenance 
Activities 

Recommended 
Maintenance 

Interval 
Consequences of Failing to Perform Maintenance 

Dry 
extended-
detention 
pond established, 

but wide 

performance 
indicates 
room for 
improvement 

remove litter 
monthly 

on climate) 

and outlet structures and 

necessary 

monthly and/or inlet blockage - possible upstream flooding; outlet 
blockage - extended ponding within BMP which may 
encourage mosquito breeding 

eroded area 
annually 
(if required) sediment loading 

the forebay 
5 - 7 yrs 

the entire pond bottom 
25 - 50 yrs increased resuspension such that pond becomes 

moderate to 
high; design 
criteria well 

range in 

1. mow side slopes and degradation of aesthetics (actual frequency will depend 

2. remove debris from inlet 

repair damage if 
following large 
storm events 

3. repair and re-vegetate loss of treatment value and increase in effluent 

4. remove sediment from decrease in maintenance interval for the more energy 
and cost intensive maintenance activity #5 

5. remove sediment across 
pollutant source and decrease in flood control volume 
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Table 5-8. Generalized Structural BMP Reliability and Maintenance Requirements1 

BMP Type Reliability Required Maintenance 
Activities 

Recommended 
Maintenance 

Interval 
Consequences of Failing to Perform Maintenance 

Wet 
retention 
pond 

established, 
but wide 

performance 
indicates 
room for 
improvement 

remove litter and/or 
monthly 

use) 

and outlet structures 
monthly inlet blockage - possible upstream flooding; outlet 

blockage - local flooding 

included in design) and 
remove invasive species 

annually 
(if required) 

wildlife habitat 

5 - 7 yrs 

the entire pond bottom 
(after ~25% loss of 
permanent pool volume) 

20 - 50 yrs increased resuspension such that pond becomes 

structures and undercut 
or eroded areas 

needed) 
loss of treatment value; possible upstream of localized 
flooding 

moderate to 
high; design 
criteria well 

range in 

1. mow side slopes and 

hydrocarbon build-up 

degradation of aesthetics; hydrocarbon build-up may 
damage plants and pond microbiology (actual 
frequency will depend on climate and contributing land 

2. remove debris from inlet 

3. manage and harvest 
wetland plants (if 

may be required in nutrient sensitive areas where 
seasonal senescence can lead to significant annual 
nutrient releases; invasive species may decrease 

4. remove sediment from 
the forebay (after ~50% 
loss of total capacity) 

decrease in maintenance interval for the more energy 
and cost intensive maintenance activity #5 

5. remove sediment across 
pollutant source and decrease in flood control volume 

6. repair inlet/outlet infrequently (as 
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Table 5-8. Generalized Structural BMP Reliability and Maintenance Requirements1 

BMP Type Reliability Required Maintenance 
Activities 

Recommended 
Maintenance 

Interval 
Consequences of Failing to Perform Maintenance 

Infiltration 
trench 

low to 
moderate; 
reported 
failure rates 
of about 
50%, actual 
failure rates 

be higher 

accumulated sediment 
and debris from trench 

monthly degradation of aesthetics; infiltration will be impeded, 
leading to loss of treatment value and possible flooding 

gravel, filter fabric, and 
topsoil 

as needed (when 
clogged) 

maintain a minimum of 
upon failure 

mosquito breeding, and possible flooding 

upon failure decrease in infiltration rates 

estimated to 

1. rake out and remove any 

and inlets 

2. replace top layers of pea caking of top layers leading to excessive bypass 

3. total rehabilitation to 

2/3rds the design storage 
capacity and a 72 hr 
exfiltration rate 

(typically within 
5 yrs) 

decrease in infiltration rates leading to loss of treatment 
value, extended ponding which may encourage 

4. excavate trench walls to 
expose clean soil 
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Table 5-8. Generalized Structural BMP Reliability and Maintenance Requirements1 

BMP Type Reliability Required Maintenance 
Activities 

Recommended 
Maintenance 

Interval 
Consequences of Failing to Perform Maintenance 

Porous 
pavement 

low to 
moderate 
(modular 
type); low 

type) which 
clogs much 

monolithic) the surface, 

as needed 
value and possible flooding 

annually 
(if required) 

unstable adjacent areas will contribute excess sediment 

spalling modular 
pavement 

annually 
(if required) 

pavement 

by drilling ½ in. holes 
through pavement every 
few feet within affected 
spot 

upon localized 
failure 

for monolithic) 

complete loss of treatment value and possible flooding 

(monolithic 

more rapidly 

1. vacuum sweep (and high 
pressure wash 

removing any obstructing 
sediment and debris 

(typically 
quarterly) 

decrease in infiltration rates leading to loss of treatment 

2. stabilize adjacent areas 
loading, reducing effective life of pavement 

3. replace deteriorating or breakdown of pavement will contribute to clogging and 
premature deterioration of adjacent fully operational 

4. relieve localized clogging loss of treatment value; localized flooding; decrease in 
maintenance interval for the more energy and cost 
intensive maintenance activity #5 

5. total replacement upon complete 
failure (1-2 yrs 
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Table 5-8. Generalized Structural BMP Reliability and Maintenance Requirements1 

BMP Type Reliability Required Maintenance 
Activities 

Recommended 
Maintenance 

Interval 
Consequences of Failing to Perform Maintenance 

Bioretention no 
information debris 

monthly degradation of aesthetics 

or diseased vegetation 

annually 

mulch layer 
2 - 3 yrs loss of treatment value due to breakdown of mulch 

features (e.g., 
infrequent (as 
needed) 

1. remove any litter and 

2. remove and replace dead biannually degradation of aesthetics, loss of treatment value 

3. add fresh mulch increased erosion due to exposed soil 

4. remove and replace entire 
material and decrease in ion-exchange capacity 

5. repair of structural 

underdrains) 

localized flooding; lack of drainage may kill plant root 
systems 
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Table 5-8. Generalized Structural BMP Reliability and Maintenance Requirements1 

BMP Type Reliability Required Maintenance 
Activities 

Recommended 
Maintenance 

Interval 
Consequences of Failing to Perform Maintenance 

Sand or 

media filter 

low to 
moderate; 

media filters 

peat/sand 
mix, and 
compost/ 
sand mix 
tend to clog 
faster than 
sand alone 

from inlet/outlet 
structures and sedimenta­

monthly inlet blockage - possible upstream flooding; outlet 
blockage - extended ponding within BMP which may 

outlet 

sedimentation chamber 
as needed (when 
50% full) clogging 

inches of filter bed 
surface 

needed) treatment value 

filter bed (once draw 
) 

treatment value; and extended ponding 

deterioration of structural 
infrequent (as 
needed) 

loss of treatment value; possible localized flooding 

organic 
organic 

such as peat, 

1. remove debris/floatables 

tion chamber (if present) 
encourage mosquito breeding; loss of treatment value if 
filter is bypassed due to blockage at either inlet or 

2. remove sediment from 

(if present) 

inadequate sedimentation will lead to accelerated filter 

3. renew or replace top few annually (or as filter bed sealing; excessive bypass volumes; loss of 

4. renew or replace entire 

down exceeds 24 hrs

3 - 5 yrs filter bed clogging; excessive bypass volumes; loss of 

5. repair leaks or 

components 
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Table 5-8. Generalized Structural BMP Reliability and Maintenance Requirements1 

BMP Type Reliability Required Maintenance 
Activities 

Recommended 
Maintenance 

Interval 
Consequences of Failing to Perform Maintenance 

Stormwater 
wetland 

established, 
but wide 

performance 
indicates 
room for 
improvement 

remove litter 
monthly 

on climate) 

and outlet structures 
monthly inlet blockage - possible upstream flooding; outlet 

blockage - localized flooding 

or diseased vegetation 
annually 
(if required) coverage of $

recommended 

annually 
(if required) 

invasive vegetation 
annually 
(if required) 

loss of wildlife habitat 

loss of total forebay 

5 - 7 yrs 

the entire pond bottom 
(after ~25% loss of 
wetland storage volume) 

20 - 50 yrs 

structures and undercut 
or eroded areas 

needed) 
loss of treatment value; possible upstream of localized 
flooding 

moderate to 
high; design 
criteria well 

range in 

1. mow side slopes and degradation of aesthetics (actual frequency will depend 

2. remove debris from inlet 

3. remove and replace dead loss of treatment value; degradation of aesthetics; 
50% of wetland surface area is 

4. harvest and replace 
wetland plants 

may be required in nutrient sensitive areas where 
seasonal senescence can lead to significant annual 
nutrient releases, however benefits of regular harvesting 
are not well substantiated by field data 

5. remove and replace 

6. remove sediment from 
the forebay (after ~50% 

capacity) 

decrease in maintenance interval for the more energy 
and cost intensive maintenance activity #7 

7. remove sediment across decrease in flood control volume, increase in 
resuspension potential such that wetland may become 
pollutant source, vegetation may be choked out, and 
wetland may become overly eutrophic leading to 
aesthetic and odor problems 

8. repair inlet/outlet infrequently (as 
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Table 5-8. Generalized Structural BMP Reliability and Maintenance Requirements1 

BMP Type Reliability Required Maintenance 
Activities 

Recommended 
Maintenance 

Interval 
Consequences of Failing to Perform Maintenance 

Grassed 
swale 

moderate; 
subject to 
disruption by 
homeowners 

1. mow side slopes and 
remove litter and grass 
clippings 

2. remove and replace dead 
or diseased vegetation 

3. aerate and dethatch grass 
on swale bottom 

4. remove sediment 
accumulation from swale 
bottom once treatment 
volume reaches 25% of 
design volume 

monthly 

annually 
(if required) 

annually (once 
draw down takes 
> 48 hrs) 

5 yrs (or as 
needed) 

degradation of aesthetics (actual frequency will depend 
on climate); maintain height at 3 - 6 in. to retain 
filtration value 

loss of treatment value; degradation of aesthetics 

decrease in infiltration rates leading to loss of treatment 
value, extended ponding which may encourage 
mosquito breeding, and possible flooding 

decrease in flood control volume and decrease in 
infiltration rates 

Vegetated 
filter strip 

moderate; 
concentration 
of flows can 
often lead to 
erosion and 
failure 

1. mow grass and remove 
litter and grass clippings 

2. remove and replace dead 
or diseased vegetation 

3. repair (reseed or resod) 
any rills, gullies, or bare 
areas 

4. rototill or cultivate 
surface of sand/soil bed 

monthly 

annually 
(if needed) 

annually 
(if needed) 

infrequent (as 
needed) 

degradation of aesthetics (actual frequency will depend 
on climate); maintain height at 2 - 4 in. to retain 
filtration value 

loss of treatment value; degradation of aesthetics 

loss of treatment value due to short-circuiting 

decrease in infiltration rates leading to loss of treatment 
value 

1Source of data: (NJDA et al., 2000; Urbonas, 2000; ARC, 2001; NYSDE C, 2001; U.S. EPA, 2002a; U.S. EPA, 2003b) 
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5.1.6 Environmental and Community Acceptance Factors 

The final group of factors to consider before definitive selection of a BMP is environmental and 
community acceptance factors.  Environmental factors include the possibility of mosquito 
breeding and providing wildlife habitat.  Detention (dry) ponds, swales, stormwater wetlands, 
and infiltration BMPs have the potential to become mosquito breeding grounds, especially if they 
are not properly maintained.  Before BMP installation, consider performing an assessment of the 
local wildlife and their habitat needs. This may be more important in areas of new development 
where the impact on available habitat is more pronounced.  Natural, unmowed vegetation found 
in stormwater wetlands, some swales, and vegetated wet ponds, can provide habitat for song 
birds and small animals, whereas cleared and manicured BMPs, like detention (dry) ponds and 
infiltration basins provide no wildlife habitat value (NJDA et al., 2000). 

The two key community acceptance factors are: (1) safety issues; and (2) aesthetics, especially as 
they relate to financial implications.  Community acceptance is especially important if public 
participation is required. Safety issues with BMPs are rare and those that do exist can usually be 
resolved through good design. An example of this is installation of wire grates on outlet 
structures to prevent sudden storm surges from sweeping someone into a storm drain.  Another 
safety concern is the drowning hazard posed by permanent volume BMPs (wet ponds and 
wetlands).  This can be reconciled by installing a fence around the perimeter of the BMP, 
however, this will make maintenance more difficult and also detract from the aesthetic value of 
these BMPs.  Thus, community acceptance of permanent volume BMPs may be difficult to attain 
in areas with a high density of young children. 

Aesthetic issues are of particular importance for community acceptance, not only because the 
property owners have to live side-by-side with the BMP, but also due to the financial 
implications aesthetic value brings. BMPs that are aesthetically pleasing will appreciate the 
value of the surrounding properties, and vice-versa.  Thus aesthetics are often a key factor in 
gaining community acceptance.  Although aesthetics are usually a matter of personal preference, 
a few aesthetic issues are more generally accepted.  Odor nuisances caused by failing infiltration 
type BMPs and over eutrophication of wet ponds and wetlands can be problematic.  Cattails and 
other emergent wetland vegetation in wet ponds, wetlands, and some swales are considered 
unsightly to some people (NJDA et al., 2000) while not to many others. BMPs such as 
infiltration basins and trenches and rain gardens, which are intended to create ponding areas that 
drain over a relatively short period of time, can be either objectionable “soggy spots” or desirable 
scenery depending on the viewer.  Dry detention basins, especially if not well maintained, often 
become large garbage collectors.  On the other hand, BMPs like wet ponds, stormwater wetlands, 
bioretention areas, rain gardens, and greenroofs can give a community an up-scale look, adding 
to the aesthetic value of a property rather than detracting from it. 

Public acceptance is paramount for BMPs that require public participation, such as rain barrels 
and dry wells, or nonstructural BMPs like car washing and pet waste management ordinances. 
Studies have shown that “the magnitude of induced behavioral change is likely to vary greatly on 
the nature of the activity promoted and the target audience” (Taylor and Wong, 2002a).  As an 
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example, Taylor and Wong (2002a) contend that an educational campaign to get people to wash 
their cars on their lawns would have a greater level of public acceptance in a low-density 
residential area than one that encourages the use of sewered wash bays.  If one can attach a 
personal benefit to a BMP that requires public participation, then public acceptance will be 
higher and adoption of the BMP will occur at a much greater rate (Taylor and Wong, 2002a). 
For instance, playing up the costs savings on water bills gained from using a rain barrel for 
landscape watering needs will improve public acceptance of this BMP. 

5.2 STRUCTURAL BMP PLACEMENT 

BMP placement refers to the spatial scale covered by a single BMP or set of BMPs used to 
protect the watershed as a whole. Three spatial scales of BMP placement have been identified; 
onsite, sub-regional, and regional (Lai et al., 2003). The onsite spatial scale is defined as 10 to 
100 acres, a size typical of a single commercial/industrial building lot or residential 
neighborhood. The sub-regional scale is defined as 100 to 5,000 acres and represents the 
township level. The regional scale has a drainage area greater than 5,000 acres, exemplifying an 
entire watershed, sewershed, or county.  There is currently no comprehensive way to make the 
decision between a collection of small onsite BMPs located throughout the watershed or one 
large regional control located downstream or a combination of the two, although research in this 
area is underway (Sullivan et al., 2003). The integrated stormwater management decision-
support framework, discussed earlier in Section 5.1, is to include BMP placement as a central 
part of its overall BMP selection tool. Issues such as retrofit versus new development, cost, land 
availability, and hydrologic/hydraulic/water quality routing principles will be factored into BMP 
placement decisions (Lai et al., 2003). However, this project is still in its initial phase. In the 
meantime, some general guidelines on BMP placement are available. 

The issue of BMP placement is largely affected by whether the watershed in question is an 
existing urban area or a new development. Retrofitting BMPs into an existing urban area places 
many constraints on BMP placement.  Existing drainage systems, limited available space, and the 
high cost of land in these areas make applying large, regional BMPs much more difficult in 
existing developments (Sieker and Klein, 1998).  However, in some circumstances these 
facilities have been shown to be cost effective (Strecker et al., 2002). Densely populated areas 
are the most complicated to retrofit. The high percent imperviousness of such areas requires 
rapid conveyance of the stormwater in order to avoid flooding (U.S. EPA, 1999a).  Thus, the 
question of BMP placement within high density areas is limited to source control techniques, 
such as greenroofs, in-line storage management techniques in existing conveyance systems, or 
retrofit of existing flood conveyance or detention basins.  In existing lower density areas, some 
onsite BMPs become feasible, such as use of rain barrels and dry wells.  The expensive retrofit of 
replacing curb and gutter systems with swales can also be used in existing low density areas. 
Sand and media filtration systems are one regional control option that is often used in retrofit 
situations due to its limited space requirements (U.S. EPA, 1999a). Sand filtration can even be 
constructed underground thus requiring a very minimal footprint.  However, larger BMPs 
traditionally used as regional controls, such as dry and wet ponds, are usually not an option. 
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Despite these constraints, areas as densely populated as New York City’s Staten Island have 
instituted a wide-reaching BMP program that successfully addressed placement issues (Vokral et 
al., 2001). The New York City Department of Environmental Protection (NYCDEP) developed 
the Staten Island Bluebelt Program to combat flooding problems.  A knowledge of flood prone 
areas was combined with a review of the regional topography, the locations of existing storm 
sewers, and the ecological condition and hydrological patterns of local streams.  This assessment 
assisted the NYCDEP in the placement of BMP retrofits. Once high risk areas were identified, 
property in the area was acquired and a system of small “pocket wetlands” were installed in areas 
as small as single lots. 

In new developments, the use of BMPs are more of a proactive approach rather than a reactive 
approach. Thus, the issue of proper placement of BMPs in the watershed is more of a conscious 
decision rather than a reaction to existing consequences as with retrofit situations.  Onsite 
practices can be advantageous because they combat the problem close to its source.  This makes 
onsite placement a good option for approximating pre-development hydrology.  The onsite scale 
is most often used due to its ease of implementation (Clar et al., 2003). Due to the small area 
involved, onsite placement can reduce political or institutional complications. Many 
municipalities have regulations requiring the use of onsite BMPs as part of their permits for new 
construction.  This has the benefit of shifting financial responsibility to the developer.  Yet, 
onsite placement is not without its problems. The decentralized ownership of onsite BMPs leads 
to a wide range of BMP design, construction, and operation and maintenance practice issues 
(Finnemore, 1982). In addition, options to treat existing runoff together with that from new 
development could be missed. Under these circumstances, water quality and quantity control 
benefits are difficult to assess and may be unreliable.  Also, onsite placement of BMPs is 
sometimes difficult to coordinate in order to reap real stream protection benefits on a watershed 
scale. 

Sub-regional and regional BMP placement options can be advantageous for several reasons (Clar 
et al., 2003). Their affect on the receiving water is more easily observed and quantified.  For 
watershed management programs under the control of a public agency, sub-regional or regional 
placement can be more cost-effective because one large BMP will cost less to build and maintain 
than many smaller BMPs.  Maintenance programs for BMPs at this level are more likely to be 
consistent and long-term.  And finally, the size of regional BMPs is conducive for recreational, 
aesthetic, and wildlife habitat benefits that may not necessarily accompany smaller onsite BMPs. 
Disadvantages to the wider scales of BMP placement include: (1) the need for comprehensive; 
advanced planning; (2) large initial capital costs; (3) failure to provide significant flood relief; (4) 
failure to provide downstream channel protection through peak discharge control; (5) blockage of 
fish migration routes; (6) possible thermal pollution; and (7) accelerated erosion and water 
quality degradation in the unprotected upstream feeder streams (Urbonas, 2000; Clar et al., 
2003). 
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5.3 INTEGRATED APPROACH 

An integrated approach to stormwater management is considered more effective than any single 
BMP alone.  Case studies recognize that in-stream biological condition may not be measurably 
protected or improved by an isolated BMP (Stribling et al., 2001). Stream degradation is rarely 
caused by a single stressor and more than one type of BMP may be necessary to relieve all 
contributing stressors. The NPDES Stormwater Phase I and II Regulations mandate an integrated 
approach by requiring elements from each of the six minimum control measures shown in Table 
5-1. Thus, evaluating the performance of an individual BMP may misrepresent the role of that 
BMP in the overall management scheme (Taylor and Wong, 2002a).  Integration of BMPs may 
occur on three different levels: integration of more than one structural BMP, integration of more 
than one nonstructural BMP, and finally integration of structural and nonstructural BMPs.  The 
following sections review each of these three levels. 

The integrated approach discussed in this section is the integration of individual BMPs with each 
other. However, a holistic integrated approach also should consider BMP integration within the 
community.  For example, incorporating small design features into the larger structural BMPs 
can turn them into public amenities (Roesner, 1999). Parks and walking paths around 
stormwater management facilities can add aesthetic and recreational value, turning BMPs from 
community nuisances into community assets. 

Finally, it is important to acknowledge that measured pollutant removal efficiencies (specifically, 
percent removals) of individual BMPs may not be representative of the overall benefit to the 
receiving water when the BMP is part of an integrated approach (Rushton, 2002).  When 
stormwater runoff is pre-treated by upstream BMPs, the influent water quality will be cleaner and 
thus a large difference between influent and effluent pollutant concentration will become more 
difficult to achieve. Calculating percent removals in these situations will produce deceiving 
results and lead to unwarranted perceptions about the worth of the BMP.  Influent and effluent 
concentrations should always be reported in these cases.  Rushton (2002) suggests comparing the 
BMP effluent concentrations to applicable water quality standards.  Still, even when the BMP is 
part of a integrated system, monitoring of individual BMPs may be necessary to produce data for 
modeling.  Watershed modeling often requires efficiency monitoring data for each BMP 
separately for the development of reliable statistical (black-box) models and/or the 
verification/calibration of process-based models. 

5.3.1 Integration of Structural BMPs 

Structural BMPs can be used together in an integrated approach in two distinct ways.  Individual 
BMPs can be: (1) strung together in a directly connecting manner, i.e., the treatment train 
approach; or (2) operated separately, but used collectively in the protection of the same receiving 
water or watershed system. 
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Many possible treatment train options exist.  Generally, smaller BMPs are used as pretreatment 
for and/or conveyance to larger BMPs.  Using smaller BMPs as pretreatment has the added 
benefit of extending the maintenance intervals and useful life of the primary BMP.  Examples of 
such BMP treatment trains are as follows: 

•	 vegetated filter strips 6 sand filter or infiltration basin, 
•	 grassed swales 6 dry extended-detention pond, wet pond, or wetland, 
•	 bioretention 6 dry extended-detention pond or infiltration basins, and 
•	 manufactured products for stormwater inlets or catchbasins and catchbasin inserts 

6 dry extended-detention ponds or infiltration basins. 

Using structural BMPs in treatment trains, such as those listed above, can improve both the water 
quality as well as total runoff volume of the final effluent, thereby minimizing the effects on 
receiving waters (U.S. EPA, 1999a). Unlike the unit processes in conventional drinking water or 
wastewater treatment trains that are engineered to perform a specific task, such as sedimentation 
or disinfection, individual structural BMPs are often not limited to one pollutant removal 
mechanism, as discussed in Chapter 2. However, the most effective combinations are made 
between BMPs with different dominant pollutant removal mechanisms, such as integration of a 
sand filter (filtration) with a wet retention pond (sedimentation). Combining strong water 
quantity control BMPs (e.g., dry detention ponds) with strong water quality control BMPs (e.g., 
sand filters) will also make effective treatment trains. 

The multi-chambered treatment train (MCTT) is an example of an engineered BMP that 
integrates several pollutant removal mechanisms used by various BMPs (Greb et al., 2000). This 
manufactured device is akin to a miniature wastewater treatment plant with three main chambers, 
a grit chamber, a settling chamber, and a media filter chamber.  The system approximates a three 
component treatment train starting with a catchbasin, then a small dry extended-detention pond 
and polishing effluent with a media filter. The MCTT is designed to be installed underground 
and one study found appreciable pollutant removals of TSS, total phosphorus, and total 
recoverable phosphorus (Greb et al., 2000). However, this treatment train will not provide 
significant water quantity control. 

The Staten Island Bluebelt program discussed in Section 5.2 is an example of separate, but 
collectively used structural BMP integration.  Their pocket wetlands are a combination of ponds 
and shallow marsh lands (Vokral et al., 2001). These BMPs were engineered to act as a buffer 
between piped runoff and natural streams or drainage corridors.  Individually each BMP provides 
some pollutant removal and peak runoff attenuation, but combined they provide a very effective 
system for stream protection.  Also, since the individual parcels of land are often adjacent to each 
other, the Bluebelt BMP system provides a continuous corridor for a healthy wildlife habitat. 

5.3.2 Integration of Nonstructural BMPs 

Given the shear number of nonstructural BMP options, listing every possible combination of 
nonstructural BMPs would be impractical.  Instead, four examples of nonstructural BMP 
integration are presented in the following paragraphs. 
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The benefit of the combined effect of sensitive construction planning and implementation of low 
impact development (LID) techniques can be seen in a comparison study produced by Finnemore 
(1982). The integrated set of BMPs used were open space requirements, cluster development of 
residential areas, strict avoidance of construction on areas with slopes steeper than 25%, and 
proper construction practices including, check dams and erosion baffles, lining drainage 
channels, filter fences and berms, and restoration of native vegetation.  Suspended sediment 
loads were measured before and after residential development of two sites in Lake Tahoe, 
California. The well-planned, water sensitive site increased sediment loading by a factor of two 
and receiving water studies of macro-invertebrate communities detected a negligible impact, 
whereas the poorly planned site which implemented no BMPs increased sediment loadings by a 
factor of 107, causing an observed 34% decrease in macro-invertebrate density and a 54% 
decrease in the number of macro-invertebrate species.  Thus, it was estimated that the benefit of 
this combination of construction site BMPs and LID measures was a 98% reduction in suspended 
sediment loading. The author of the study did caution that both the sites chosen for their study 
were extreme cases and that the impacts of most new development, whether BMPs are 
implemented or not, likely will fall somewhere in between the two they presented. 

A municipality in Oklahoma instituted an integrated stormwater management program including 
the following BMPs; illegal discharge elimination program; litter collection campaign; illegal 
dumping minimization program; hazardous waste collection program; storm drain stenciling 
program; and an extensive advertizing campaign (Taylor and Wong, 2002a).  Stormwater quality 
was monitored for four years both before and after implementation of the program.  Collectively 
these BMPs produced average reductions in event mean concentrations of 13% TSS, 17% total 
phosphorus, 18% total kjeldahl nitrogen, and at least 55% for the heavy metals, copper, lead, and 
zinc.  Although the data was not statistically validated, the results are quite promising. 

When the effectiveness of education and outreach initiatives are viewed independently there is 
little evidence that “information alone can significantly change actual behavior” (Taylor and 
Wong, 2002a). However, use of an educational component as part of an integrated stormwater 
management program is integral to the success of many nonstructural BMPs.  For example, 
ordinances will be ineffective unless preceded by an appropriate educational initiative (Taylor 
and Wong, 2002a). People cannot be expected to comply with a law if they don’t know it exists. 
A review of over 100 case studies found that the effectiveness of other nonstructural BMP 
programs are often related to the effectiveness of education and outreach programs (Taylor and 
Wong, 2002a). The success of most integrated programs should improve if a well executed 
educational component is included. Yet, education and laws alone will not lead to compliance 
unless followed up by a strong enforcement program for incentive.  The bigger picture is that 
ordinances by themselves are not a very effective BMP, but when integrated with education and 
enforcement, their effectiveness greatly improves. 

5.3.3 Integrating Structural and Nonstructural BMPs 

In general, structural BMPs are used much more readily than nonstructural BMPs.  Structural 
BMPs are tangible entities that produce measurable results.  They provide “the engineering 
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calculations necessary to demonstrate compliance with numerical ... criteria” (NVPDC, 1996). 
However, most stormwater managers would agree that an effective stormwater management 
program requires an optimum balance between both structural and nonstructural BMP types 
(Taylor and Wong, 2002b).  A comprehensive study of stormwater management programs 
concluded that effective integration of many types of BMPs produce the most successful results. 
Nonstructural practices that reduce the amount of runoff, such as cluster housing, reducing street 
width, and alternative turn-about designs, can reduce size requirements or numbers of structural 
BMPs. Nonstructural BMPs also can lessen pollutant loading thereby reducing the required 
maintenance burden of structural BMPs. 

For these reasons, the concept of LID has gained a considerable amount of support.  LID is often 
referred to as a single BMP, however, it is really an integrated concept containing both 
distributed structural and nonstructural components.  Typical structural BMPs incorporated into 
LID include swales, vegetated filter strips, porous pavement, bioretention areas, and 
disconnection of roof leaders into rain barrels, dry wells, or rain gardens.  Nonstructural BMPs 
commonly used in LID include construction site erosion and sediment controls, minimization of 
impervious areas, and pollution prevention and good housekeeping practices.  Integration of 
these soft engineering distributed structural BMPs and nonstructural BMPs can result in a 
considerable reduction in pollutant loading. 

Zielinski (2000a) completed a modeling study to compare LID to two conventionally designed 
residential developments with respect to percent imperviousness, stormwater runoff volume, and 
nutrient export. In a low-density residential area, LID elements (called open space design in the 
reference) included smaller lot size, narrower streets, shared driveways, a looped turnabout with 
central bioretention cell instead of the conventional cul-de-sac bulb, natural area protections, 
grassed swales, and improved septic tank design and installation.  Modeling efforts showed 
reductions in average annual total nitrogen and phosphorus loads of 46 and 50%, respectively, 
and a 35% decrease in total impervious area over the conventional design without BMPs.  In a 
medium-density residential area the LID elements were similar, including smaller lot size, 
narrower streets, vegetated buffer strips along waterways, shorter driveways, fewer sidewalks, 
elimination of turnabouts by using a looped road design, grassed swales, and several bioretention 
areas.  A small central detention pond was also included in the open space design.  This 
combination of LID elements and the pond resulted in a 24% reduction in total impervious area 
for the site. Furthermore, a significant reduction in average annual total nitrogen and phosphorus 
loads of 45 and 60%, respectively, was estimated for the open space design, even though the 
current conventional design included a large dry extended-detention pond. 

In a related study Zielinski (2000b) explored LID practices for green parking lot designs.  In one 
scenario, the green parking lot design included the following elements: reduction in the number 
and size of parking spaces, reduction in the width of the aisles, larger landscaping islands, some 
planted with shade trees, others used as bioretention areas, grassed swales, porous pavement 
(grid pavers), and a single wet retention pond to handle larger storms only.  The conventionally 
designed parking lot included two large wet ponds for stormwater treatment.  Still, modeling 
results estimated average annual total nitrogen and phosphorus load reductions of 45 and 47%, 
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respectively, and a 22% reduction in total impervious area over the conventional design without 
BMPs. The results from the three scenarios investigated by Zielinski (2000a; 2000b), show that 
through the integration of structural and nonstructural BMPs better protection of the watershed is 
achieved than when each element is used individually. 

LID supporters have highlighted other advantages of this micro-scale technique in addition to 
water quality improvements.  LID’s lot-level strategies can reduce hydrologic stresses of 
development. Pre-development hydrology is replicated as closely as possible by managing the 
stormwater runoff where it starts, sometimes eliminating the need for large scale centralized 
BMPs such as retention ponds (Lai et al., 2003).  Groundwater recharge is maximized by LID 
practices (Clar et al., 2003). Finally, many of the techniques used in LID will reduce 
development costs and associated maintenance costs, such as having sidewalks on only one side 
of the street. Yet, LID is in its infancy compared to other BMPs and therefore it is not a proven 
approach. Disadvantages of LID include conflicts with some areas’ building codes, difficulties 
gaining public support for new, unproven techniques, difficulties in constructing and maintaining 
and highly distributed structural controls, and the perception by some that LID promotes urban 
sprawl (Clar et al., 2003). 
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