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Chapter 1
Introduction

1. WHY IS STORMWATER SYSTEM
OPERATION, MAINTENANCE,AND
MANAGEMENT IMPORTANT?

Over the last two decades, stormwater man-
agement systems have evolved considerably
from their traditional roles as conveyance de-
vices that are only intended to transport storm-
water runoff safely and efficiently from one lo-
cation to another. Such conveyance systems
have included bridges, culverts, ditches, and
the ubiquitous piped storm drain (sewer).
However, in response to growing concerns
over nonpoint source (NPS) pollution, flood-
ing, and erosion, a new type of stormwater
system has been created. This type not only
conveys runoff, but also manages it by delib-
erately modifying its flow rate, volume, and/or
water quality. These stormwater management
systems rely upon practices such as infiltra-
tion or retention areas, extended dry or wet
detention, sand filters, vegetated swales, and
constructed wetlands.

Whether designed for conveyance or man-
agement, all stormwater systems require
proper design, construction, and mainte-
nance to perform successfully. However,
due to their more demanding duties and ob-
jectives, today's multipurpose stormwater
practices have proven themselves to be in-
herently more complex than their more tradi-
tional conveyance counterparts. Accordingly,
they require a much greater level of effort by
those who design, construct, maintain, and
operate them.

This is particularly true for stormwater man-
agement system maintenance and manage-
ment. Maintenance has always been recog-
nized as vital to the proper and prolonged per-

formance of all stormwater systems. How-
ever, thorough and consistent maintenance
is particularly crucial to the successful per-
formance of stormwater treatment prac-
tices, an importance that carries over to the
entire stormwater management program they
support. Reasons for this increased impor-
tance include:

B As noted above, stormwater management
systems are inherently more complex than
traditional runoff conveyances. Not only in
their function or operation, but also in the
number and types of materials used to con-
struct them. This may even include natural
materials such as aquatic vegetation and
microorganisms. This increased complex-
ity and variety demands a greater level of
maintenance and management to assure
safe and effective operation.

B Unlike drainage systems, many stormwater
practices achieve their management goals
through impoundment or storage of runoff
instead of conveyance. This is accom-
plished through the use of dams, berms,
tanks, or chambers. To successfully im-
pound water, either temporarily (for ex-
ample, in a dry detention or infiltration ba-
sin) or permanently (in a wet detention pond
or constructed wetland), requires a greater
degree of structural strength. Safely im-
pounding stormwater requires more safe-
guards to avoid the possibly catastrophic
downstream damage caused by structural
failure and sudden release of the im-
pounded water. These increased levels of
strength and safety, which must be provided
continually throughout the life of the
stormwater management facility, demand
a similarly higher level of maintenance.

1-1
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B Stormwater conveyances and flood control
systems typically are designed to transport
or impound the runoff from a relatively rare
storm event, with a recurrence interval of
25 to 100-years. As such, they may expe-
rience maximum design conditions only a
few times during their lifetime. However,
stormwater management systems, par-
ticularly thoseintended to treat runoff and
reduce pollutants, typically are designed to
capture smaller, more frequent rainfall/run-
off events (e.g., half inch storm; 2-yr, 1-hr
storm). Therefore, they may experience
maximum design conditions several
times each year. This more frequent and
repetitive operation at their design limit cre-
ates more stress, which again demands
greater attention and commitment to proper
maintenance and management.

B Failure to perform adequate mainte-
nance of stormwater management sys-
tems not only leads to reductions in ex-
pected or desired performance levels, but
may even create conditions that are
worse than if the facility had not been
constructed at all. For example, a ne-
glected dam may fail and release im-
pounded water onto downstream proper-
ties, an eroding swale may be the source
of excessive sediment, or a poorly managed
constructed wetland may create harmful
levels of nutrients or temperature.

Stormwater management has become an im-
portant part of our efforts to achieve clean
water and a safe environment. However, as
seen above, neglect of stormwater manage-
ment systems not only poses a threat to those
living downstream, but it can also undermine
the entire stormwater management program
that led to their creation. The importance of
regular inspection and thorough stormwater
system maintenance can not be understated.
In fact, stormwater systems should not
even be constructed if the stormwater
program is not willing to make the neces-
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sary commitments to assure that the sys-
tems are properly maintained, managed,
and operated.

The objective of this handbook is to help as-
sure that necessary maintenance and man-
agement of stormwater systems is performed.
The handbook is aimed at a diverse audience
- all of those individuals and groups which have
been shown by both experience and research
to play an important role in a successful storm-
water management system maintenance
program. This includes persons involved in
developing and implementing stormwater
management programs, stormwater system
designers and builders, land developers and
their consultants, stormwater system plan re-
viewers and inspectors, stormwater system
owners and operators, public officials, and all
citizens.

2. CHAPTER CONTENTS

The handbook is divided into eight additional
chapters, each addressing an important as-
pect of stormwater system operation and
maintenance:

Chapter 2 - Stormwater Management Prac-
tices presents an overview of several dif-
ferent types of commonly used stormwater
management practices. These include infil-
tration or retention systems, wet and dry de-
tention systems, constructed wetlands, veg-
etated swales, and filtration systems such as
sand filters and biofiltration systems. For each
type of practice, information is presented on
its basic runoff quantity and quality control
mechanisms, pollutant removal potentials, site
and operating limitations, and operation and
maintenance obligations. This presentation
ofbasic information is intended to improve
the understanding of the needs and limi-
tations of each practice by those who de-
sign, regulate, construct, own, operate, or
maintain them. All of these individuals play
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a vital role in assuring proper maintenance and
operation of the practice.

Chapter 3 - Planning and Design Consid-
erations is addressed directly to
stormwater management system planners
and designers. Information is presented
which demonstrates how proper planning
and design can help to both minimize and
facilitate system maintenance. The main-
tenance problems that can result from inad-
equate or inattentive planning or design are
also highlighted. Additionally, planning and
design guidelines to help achieve minimum
maintenance goals are presented for each
type of stormwater management practice de-
scribed in Chapter 2. This information
stresses the importance of simplicity, ac-
cessibility, and durability in designing
stormwater management systems.

Chapter 4 - Programmatic and Regulatory
Aspects highlights the key role that
program implementers play in achieving
proper levels of stormwater management
system maintenance and how their igno-
rance or indifference can lead to mainte-
nance neglect and facility failure. Proper
planning, design, and construction all contrib-
ute to a successful maintenance program.
However, the key to success is ensuring that
each of these activities gets done, a role for
which program implementation staff are
uniquely suited. To achieve this goal, imple-
mentation staff must become as involved
in the maintenance of stormwater manage-
ment systems as they are with the plan-
ning, design, and construction. Mainte-
nance of stormwater systems can not simply
be left for others to resolve. Guidance for
establishing the proper institutional frame-
work and standards is provided, including
essential program aspects such as manda-
tory operation and maintenance plans, desig-
nating responsible entities, operating permits,
enforcement options, and maintenance de-
fault contingency plans.

Introduction

Chapter 5- Owner, Operator, and User Con-
siderations provides each of these indi-
viduals and groups with important infor-
mation regarding how their system works,
why it is needed, and what maintenance it
will require. It also explains in clear terms
why it is in their best interest to provide thor-
ough and consistent levels of system mainte-
nance and how maintenance neglect on their
part can lead to serious environmental, safety,
and legal problems. The Chapter also pro-
vides suggestions for establishing a success-
ful maintenance program and will discuss the
environmental, financial, aesthetic, and civic
rewards for doing so.

Chapter 6 - Construction Inspection high-
lights a vital but often overlooked aspect
of successful stormwater management
system maintenance. ltis the inspectors who
must complete the job started by the adminis-
trators, planners, and designers, and who
must provide the owners, operators, and
maintainers with a sound, durable facility that
is worthy of their maintenance investment.
The Chapter assists construction inspec-
tors by providing detailed checklists of
important inspection items during each
stage of construction. It also emphasizes
the importance of system construction sched-
uling, phasing, and coordination with other site
activities and promotes close coordination and
communication between inspectors, contrac-
tors, owners, designers, and reviewers. Fi-
nally, recommendations for establishing train-
ing and certification programs for inspectors
are also provided, including a model program
curriculum.

Chapter 7 - Post-Construction Inspection
and Maintenance presents pertinent infor-
mation to the final members of the overall
maintenance team - those responsible for
inspecting, scheduling, and performing the
actual maintenance and management of
stormwater management systems. This
Chapter seeks to address a deficiency in many
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state and local stormwater management pro-
grams. It provides detailed information to both
inspectors and owner/operators and empha-
sizes the importance of both groups to the suc-
cess of the overall stormwater management
program. Inspectors are provided with
checklists detailing acomprehensive sys-
tem inspection program, including recom-
mended inspection frequencies and a break-
down of inspection practices by system com-
ponent. Owner/operators are presented
with descriptions of typical maintenance
tasks, including recommended equipment,
techniques, materials, and frequencies.
Finally, information on developing a training
and certification program for those who per-
form system maintenance is also presented.

Chapter 8 - Maintenance Costs and Financ-
ing discusses an aspect of stormwater man-
agement system maintenance that is of inter-
est to everyone from administrators to own-
ers, and which is vital to the success of any
stormwater management program. Summa-
ries of expected or typical costs for vari-
ous maintenance tasks, both regular and
episodic, are presented. Estimated costs
of materials and equipment also are provided.
In addition, various means of financing these
costs are discussed, with examples of vari-
ous institutional programs highlighted.

Chapter 9 - Disposal of Sediments presents
information on anew issue of concern that
emphasizes both the complex nature of storm-
water management systems and the need for
a comprehensive maintenance program.
Sedimentation is one of the primary mecha-
nisms for pollutant removal in many
stormwater management systems. As a re-
sult, the sediment collected in the facility may
contain heavy metals, hydrocarbons, greases,
nutrients, and other pollutants depending upon
the character and use of the land draining to
the system. Depending upon their concen-
trations and quantities, these pollutants
may pose disposal problems for facility
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owners, operators, and maintainers. Gen-
eral recommendations for analyzing and prop-
erly disposing of these sediments are pre-
sented along with a discussion of potential
regulatory constraints.

As can be seen from the above review, storm-
water management system maintenance is a
broad and complex topic. Itis hoped that this
handbook attracts an equally broad and di-
verse group of readers. To assist readers
find the information they seek quickly, each
chapter in the handbook begins with a brief
summary of its contents, including the
goals of the Chapter and a list of its in-
tended readers. This should allow the reader
to quickly assess the contents of each Chap-
ter and determine its applicability to his or her
interests or needs. To further guide the reader,
major topics within each chapter are presented
under their own descriptive headings.

3. HANDBOOK BMP TERMINOLOGY

The field of stormwater management has
grown considerably in the past two decades.
This growth has produced, among many ac-
complishments, a long and sometimes con-
flicting list of names for various stormwater
management practices. Unfortunately, these
names can vary by state or region. This can
confuse or mislead the experienced practitio-
ner, not to mention the new reader. There-
fore, in order to minimize such confusion and
maximize the handbook’s effectiveness, the
following general definitions have been
adopted for use in the handbook:

3.1. Detention Practice:

A stormwater management practice which
temporarily impounds runoff and discharges
it through an outlet structure. Any additional
outflow through infiltration or evaporation is
negligible and, therefore, not ordinarily con-
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sidered in the facility’s design. Detention prac-
tices may be either wet or dry. They often
are divided into three categories:

A. Dry detention practices which detain run-
off for a relatively short time (1 to 24 hours)
and release it at a controlled rate until the sys-
tem is once again dry.

B. Extended dry detention practices which
detain runoff for alonger time (24 to 48 hours),
thereby increasing sedimentation and pollut-
ant removal before the runoff is released at a
controlled rate and the system is once again
dry.

Extended Dry Detention System

C. Wet detention practices, or wet ponds,
which have a permanent pool of water, detain
and release runoff over five days or even
longer, and allow sedimentation, flocculation,

Wet Detention System (Pond)

Introduction

and chemical and biological processes to oc-
cur, reducing stormwater pollutants. During
and immediately after storms, runoff is tem-
porarily stored above the permanent water
pool.

3.2. Infiltration (Retention) Practices:

A stormwater management practice which
temporarily impounds a specified amount of
runoff (treatment volume), retains it on-site,
and discharges it through percolation into the
underlying soil and by evapotranspiration. On-
line practices typically will have outlet struc-
tures to safely convey the flood control vol-
ume, and emergency overflows from extreme
storm events. Infiltration practices are ex-
pected to be dry during non-rainfall periods.
The retention practice tool box includes infil-
tration basins and trenches, swales, pervious
pavements, dry wells, and seepage pits.

Infiltration Trench

3.3 Filtration Practices:

A stormwater management system which fil-
ters the runoff through a medium to remove
pollutants, especially particulate pollutants.

1-5
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Sand Filtration Facility

Filter systems usually are used in combina-
tion with detention systems. Filter media in-
clude mixtures of sand, peat, and compost.
Filters can be either confined (in boxes, bags,
etc.) or unconfined. They can be designed
as sidebank or vertical systems, meaning that
the water flow is sideways or downward, re-
spectively.

3.4 Biofiltration Practices:

A stormwater management system which in-
corporates vegetative filtration, allowing run-
off to slowly pass through the vegetation to
reduce pollutants. In addition to vegetative
filtering, these systems may also promote the
infiltration of runoff, depending on soil condi-
tions. The organic nature of the soils and sup-
porting vegetation helps reduce the potential
for ground water contamination. Biofiltration
practices include swales, buffer strips, and
bioretention areas.

Swale with a swale block.




Chapter 2
Stormwater Management Practices

1. OVERVIEW

State and local governments have imple-
mented a wide variety of programs to address
the stormwater problems resulting from
changes to land use. Traditionally, these
programs have focused on the prevention or
minimization of flooding to protect the
homes, buildings, property and lives of their

citizens. “Drainage” ordinances and pro-
grams have been established in most
communities.  Today, however, existing

stormwater programs must evolve and
become more comprehensive to address
stormwater management objectives which
extend beyond the traditional drainage
focus. Expanded program objectives now
include: erosion and sediment control
during construction, water quality protec-
tion, stormwater reuse, and open space
and recreation.

The tools or management practices that are
used to prevent and mitigate these stormwater
impacts also need to evolve. This chapter
will review the stormwater management
practices that are most commonly used
for stormwater treatment. For each
practice the pollutant removal mecha-
nisms, expected performance, limitations
on use, and operation, maintenance and
management needs will be discussed and
summarized. Additionally, for each practice,
specific operation, maintenance, and man-
agement recommendations will be made.

1.1. Intended Readers

This chapter is intended for all readers of this
publication. It's information will be useful to:

e Persons involved in developing and
iImplementing stormwater management
programs.

e Stormwater
builders.

system designers and

e Land developers and their consultants.

e Stormwater system plan reviewers and
inspectors.

e Stormwater system owners or opera-
tors.

e Public officials and citizens.

2. STORMWATER MANAGEMENT
PROGRAM CONSIDERATIONS

Before discussing stormwater practices,
stormwater management program consider-
ations will be briefly reviewed. Successful
stormwater management requires more
than simply the use of runoff control
techniques. It also requires a strong
institutional foundation. A key component
of this foundation is establishing effective
mechanisms to assure that stormwater
systems not only are designed and con-
structed correctly, but that they also are
inspected, maintained and operated properly.

2.1 Stormwater Program Components

This section briefly discusses the many
components of a successful stormwater
management program. No single framework
for a stormwater management program can
be recommended. Flexibility is needed to
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establish or refine programs, based on an
area's existing legal authorities and institu-
tional framework.

Experience has shown that no single entity
can do everything. Program implementa-
tion typically will be shared by a
partnership involving all appropriate
levels of government, together with the
public sector and all citizens. Coopera-
tion and coordination among all of the
partners involved in program implemen-
tation are cornerstones of successful
programs. ltis especially important that the
roles of each partner involved in program
implementation be clearly stated. This will
help to avoid duplication and distribute
program activities to the entity most suited for
the role. This is especially true for assuring
the long term performance of stormwater
management practices.

Experience also has shown that successful
stormwater management programs share
several common building blocks (WMI,
1997). These involve the program's institu-
tional framework, its technical foundations,
and the many activities that are undertaken
by the stormwater program (Figure 2-1).

2.2. Stormwater Program Evolution to
Address Existing Development

Stormwater quality management programs
typically must be phased in. They usually
must be integrated with existing "drainage”
programs to provide coordinated manage-
ment of stormwater quantity and quality.
Initial program efforts are aimed at
preventing and mitigating stormwater
problems from new development, both
during and after construction. Generally,
these programs rely upon on-site planning
and BMP implementation. Once all aspects,
including inspections and operation/mainte-
nance, of this new development program are
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running smoothly, the program can be
expanded to correct stormwater problems
caused by existing development and land
uses (retrofitting). Section 2.3 discusses
important components of programs aimed at
stormwater from new development.

Establishing a program to retrofit existing
stormwater systems, however, presents
many technical, institutional, financial,
and cultural dilemmas. In many instances,
the unavailability or high cost of land in urban
areas makes the use of conventional BMPs
infeasible.  State laws and institutional
arrangements promote piecemeal, crisis-
solving approaches aimed at managing
stormwater within political boundaries — yet
stormwater follows watershed boundaries.
Retrofitting often is prohibitively expensive.
With many local governments already short
of funds, the need for innovative, dedicated
stormwater funding sources, such as
stormwater utility fees, cannot be overem-
phasized. Finally, cultural change is needed
to get citizens and businesses to embrace
nonstructural BMPs and to support the
stormwater program.

Solving existing stormwater problems will
require comprehensive, coordinated, creative
approaches and technology. Essential ele-
ments of a comprehensive, long-term effort to
reduce pollutant loadings from existing land
uses and older stormwater systems include:

A. Watershed Management

A watershed approach which integrates land
use planning with the development of
stormwater infrastructure is essential. After
all, it is the intensification of land use and
the increase in impervious surfaces
within a watershed that creates the
stormwater and water resources manage-
ment problems. Consequently, a “water-
shed management team” effort is necessary
which involves state, regional and local
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_ PROGRAM ACTIVITIES
Inspections Stormwater system operation/maintenance
Erosion/sediment controls Public facilities
Stormwater system construction Private facilities

Stormwater SyStem Operation Adopt a pond program

Plan review and approval Education programs

Site !olans School curriculum
Erosion control plans General public

Stormwater plans Elected officials
Structural BMPs Administration Designers

Design criteria Lead agency? Developers

Research/performance Separate agency? Builders

Proper construction Staffing Inspectors

Proper operation Engineers Practitioners

Maintenance Inspectors _
Planners Compliance/enforcement
Performance standards Stop work orders

- Scientists
Peak discharge rate Maintenance Fines

Volume Clerical Civil or criminal
Treatment

Program evaluation Stormwater retrofitting
Nonstructural BMPs Citizen surveys Watershed goal
Site planning Bldg. community surveys Targeting/prioritization
Source controls BMP monitoring Capital improvements
Street sweeping Water body monitoring Regional BMPs
Local land use plan Stormwater master planning Watershed planning
Integration with other federal, state and local programs

Adopt program laws/regulations Adopt stormwater utility ordinance/fees

Legal . : Public Govt. Roles

Cooperation

Coordination
Sense

Commitment

Creativity
Common

c
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> ©
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Comprehensive

Figure 2 -1. Cornerstones (the Big Cs), Building Blocks, and Activities
of a Stormwater Management Program
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governments, together with the private sector
and all citizens within a watershed.
B. Treatment  Requirements for Older
Systems (Retrofitting)

Numerous problems inherent to a highly
urbanized area make it nearly impossible
to apply the same stormwater design and
performance standards that are applied to
new developments. Instead, a“watershed
loading” concept should be considered.
This "big picture” approach considers the
beneficial uses of the receiving waters,
assesses the loadings from all pollution
sources, and establishes the maximum
loadings of pollutants that can be assimilated
by those waters. A key element is setting a
"stormwater pollutant load reduction goal" for
existing untreated stormwater discharges. An
ecologically based goal should be estab-
lished, such as increasing the area of sea
grasses or restoring habitat for desired
aquatic species. It is important that the
ecologically-based goal is understood by the
public and determined with broad community
participation.

Success in meeting the load reduction
goal will depend not only on the treatment
benefits from retrofitting projects, but
also by assuring that the on-site systems
serving new development are con-
structed, operated, and maintained prop-
erly. Even with BMPs, post-development
stormwater pollution loadings are still greater
than pre-development levels. Minimizing
stormwater pollutant loadings from new
developments is essential in assuring the
success of stormwater retrofitting programs.
Otherwise, the desired watershed pollutant
loadings will be exceeded and the community's
desired ecological goals will not be achieved.

C. Selective Targeting

The extremely high cost of retrofitting older

2-4

urban stormwater systems makes it essential
to carefully evaluate pollutant reduction
goals, allocation strategies, and BMP
implementation. States should establish a
priority watershed program which leads
to development and implementation of
watershed management plans. Implemen-
tation of these long term (15-30 years) plans
will be designed to protect or restore the
beneficial uses of priority, targeted water
bodies.

Within priority watersheds, sub-basins can
be targeted based on pollution sources,
flooding, and water quality problems.
Regional and local stormwater master plans
are an essential component of the watershed
plan. In these local plans, existing stormwater
systems can be targeted for modification to
assure that citizens receive the greatest
benefit (pollutant load reduction, flood
protection) for the dollar. The upgrading of
older systems also needs to be coordinated
with other planned infrastructure improve-
ments, such as road widenings, and with
park, recreation, and urban redevelopment
projects .

D. Alternative Controls

Nonstructural BMPs and source controls
need to be used extensively to reduce
stormwater pollution from already devel-
oped areas. For example, street sweepers
remove lots of litter, debris, and sediments
from paved surfaces even if they can't collect
the smaller particles (<60 microns) which
contain high concentrations of metals and
other pollutants. Prohibiting and eliminating
the discharge of wastewaters other than
stormwater into storm sewers and other
conveyances can also greatly reduce
pollutant loadings. These types of controls
are especially appropriate in downtown
business districts, where other BMPs usually
are infeasible, and in certain industrial
situations.
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Storm drain stenciling.

Education programs for the public and for
stormwater management professionals
also are vital. Citizens, businesses, and
practitioners need to understand how their
everyday activities contribute to stormwater
pollution. For example, citizens should not
discard leaves, grass clippings, used motor
oil or other material into swales or storm
sewers. Yet many people believe that
storm "sewers" go to the wastewater
treatment plant and not to the nearest
water body. Getting youth and citizen groups
involved in storm sewer stenciling projects
(Dump No Wastes, Drains to Lake) is an
excellent way of reducing dumping of
potential pollutants into these conveyances.
Equally important are comprehensive training
and certification programs for those in the
private and public sectors who design, review,
construct, inspect, operate, or maintain
stormwater management systems.

E. Funding

Even just to solve existing flooding problems,
the national cost of improving stormwater
infrastructure is gigantic. Yet, local govern-
ments already are struggling financially.
Traditional revenue sources such as
property taxes cannot be relied upon to
pay for stormwater management. Alterna-
tive funding sources are needed.

Stormwater Management Practices

An excellent example is the stormwater utility
- a dedicated source of revenue with fees
based on a site’'s contribution to the
stormwater problem.

F. Innovative BMPs

The infeasibility of using traditional BMPs to
reduce stormwater pollutant loads in urban
areas requires creative and innovative BMPs.
Regional stormwater systems, which
manage stormwater from several devel-
opments or an entire drainage basin, offer
many advantages over the piecemeal
approach that relies upon small, indi-
vidual on-site systems. Regional systems
can use natural processes, such as extended
detention and constructed wetlands, or
mechanical processes, such as alum injection,

s

Parking Lots

Hotels, Businesses,
S T e W gy e
S e ST

Lake Jackson

\l-l -l

Lake Jackson regional stormwater
system, Tallahassee, Florida.
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to reduce stormwater pollutants. They
provide economies of scale in construction,
operation and maintenance. Regional
systems are especially useful in managing
stormwater from existing land uses. They
need to be a central part of any retrofitting
program. They can also be used to provide
stormwater management for new develop-
ment, but this requires excellent planning and
an expenditure of funds by the local
government or a developer to build the
regional system and then get repaid by those
who use it. Regional systems are most
successful when a watershed approach is
used that fully integrates land use, stormwa-
ter management, wetlands protection, parks,
and recreation/open space.

Innovative practices which are not land
intensive are urgently needed. Injecting
chemical coagulating agents into storm
sewers to enhance flocculation and
sedimentation of stormwater pollutants is
an example. This often may be a better BMP
where land for traditional detention basins is
unavailable or expensive. Several alum
injection systems have been installed in
urban areas in Florida to help restore
receiving lakes. Concerns over potential
aluminum toxicity, however, must still be
addressed before this innovative BMP can be
fully endorsed.

2.3. Stormwater BMPs and New
Development

This section will briefly discuss some key
issues of using BMPs to reduce the
stormwater impacts associated with new
development. These issues include the
stormwater program's goals, the setting of
performance standards, and the establish-
ment of design criteria for specific BMPs.
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2.3.1. Program Goals

The goals of a stormwater management
program must be clearly established up
front. Until recently, this was a relatively
easy task since programs typically were
established only to control stormwater peak
discharge rates. This is why stormwater
management frequently is referred to as
“drainage” -- the traditional focus is on
draining runoff away from developed
property as quickly as possible.

A. Stormwater Quantity Goals

Today, even the goals of stormwater quantity
management are changing and broadening.
Control of stormwater volume, not just peak
discharge rate, is being required in closed
basins and for discharges to estuaries. Peak
discharge rate control also is evolving - from
control of a single frequency storm to
multiple frequency storms. It is becoming
common to control the peak discharge
from a 1 or 2-year storm to minimize the
erosion of stream channels, in addition to
controlling the peak discharges for 10-,
25- and/or 100-year storms for flood
control. Some stormwater management
entities such as the Suwannee River Water
Management District and the Florida
Department of Transportation are requiring
control of the “critical storm”. This storm
creates the biggest difference between pre-
development and post-development peak
discharge rate and/or volume.

B. Stormwater Quality Goals

The increasing awareness of stormwater
quality problems by citizens and elected
officials, along with Federal Clean Water Act
requirements, is stimulating state and local
governments to broaden the objectives of
their stormwater programs. Today,
stormwater management program goals
include consideration of stormwater



CHAPTER 2

guantity, stormwater quality, erosion
prevention and sediment control, aes-
thetic values, stormwater reuse, and even
open space and recreational benefits.

Stormwater quality programs need to be
implemented within the framework of the
federal Clean Water Act. It establishes two
types of regulatory approaches to control
pollutant discharges. @ Technology-based
effluent limitations reflect the best controls
available, considering their technical and
economic achievability. Water quality-
based effluent limitations reflect the water
quality standards and allowable pollutant
loadings set up by permit (U.S. EPA, 1994).

With respect to stormwater discharges, the
latter approach possibly can be developed
and implemented through a comprehensive
monitoring approach. This not only involves
traditional water chemistry monitoring, but
also needs to includes sediment chemistry,
and an assessment of physical habitat,
stream bank erosion, biological community
structure, and possibly even whole-effluent
toxicity. These techniques are more
appropriate than water column chemistry in
assessing cumulative, intermittent stormwa-
ter impacts.

However, implementing a water quality-
based effluent limit permit program for
stormwater discharges is nearly impossible
because of staffing and technical limitations.
The many land use changes occurring in this
country create tens of thousands of new
stormwater discharges each year. Site-
specific analyses to establish water quality-
based effluent limitations for so many new
discharges simply can't be done. Addition-
ally, there is a sparsity of data on stormwater
toxicity and ecological impacts. Therefore,
nearly all stormwater quality permitting
programs are technology-based.

In 1987, the EPA issued guidance on the

Stormwater Management Practices

development of technology-based stormwa-
ter programs and the role of water quality
criteria. The guidance recognizes that Best
Management Practices (BMPs) are the
primary mechanism for achieving water
quality standards. BMPs are control
techniques used for a given set of site
conditions to achieve stormwater quality
and gquantity enhancement at a minimum
cost (Wanielista and Yousef, 1986). The
guidance also recommends that state
programs should include the following
iterative process:

1. Design of BMPs based on site-specific
conditions, technical, institutional and
economic feasibility, and the water quality
standards of the receiving waters.

2. Monitoring to ensure that practices are
correctly designed and applied.

3. Monitoring to determine the effectiveness
of BMPs in meeting water quality
standards and the appropriateness of
water quality criteria in reasonably
assuring protection of beneficial uses.

4. Adjustment of BMPs when water quality
standards are not being protected to a
designed level, or evaluation and possible
adjustment of water quality standards.

The ultimate water quality goal of stormwater
management programs is to protect or restore
the beneficial uses of the receiving waters
through the proper installation and operation
of program-approved BMPs. If beneficial
uses are not maintained or restored,
additional BMPs need to be implemented
and/or the design criteria for current BMPs

should be modified to improve their
performance.
2.3.2. Program Performance Standards

Whether for BMPs serving new development
or for retrofitting, a performance standard
must be established so that specific BMP
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design criteria can be developed. The
performance standard establishes a
technology-based effluent limitation for
stormwater treatment systems.

A. Stormwater Management Goals

Ideally, the basic goal for stormwater systems
serving new development is to assure that
the post-development peak discharge rate,
volume, timing and pollutant load does not
exceed pre-development levels. However,
this goal usually is unattainable because our
current BMPs, either alone or in combination,
can not achieve this level of treatment and/or
volume control, and because of the limitations
imposed by variations in site conditions. This
necessitates the establishment of perfor-
mance standards that can be achieved
through the implementation of BMPs.

B. Stormwater Treatment Performance
Standards

The stormwater treatment programs in
Florida, Delaware, and Maryland have
established similar performance standards
for stormwater systems serving new develop-
ment. They require stormwater systems to
achieve at least an 80% reduction in the
annual average post-development pollut-
ant loading of Total Suspended Solids
(TSS) discharged to fishable/swimmable
waters. This performance standard corre-
sponds to secondary treatment levels,
thereby helping to create greater equity
between intermittent stormwater discharges
and the treatment requirements for traditional
point sources such as domestic and industrial
wastewater discharges. Florida’s program
also sets a 95% removal level for stormwater
discharges to sensitive waters such as
potable supply waters, shellfish harvesting
waters, and Outstanding Florida Waters.
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2.3.3. BMP Design Criteria Factors

Once the performance standard is estab-
lished, design criteria then need to be set for
each of the various BMPs that are going to
be used for stormwater management. This
section will briefly review some of the
factors that must be considered when
setting BMP design criteria. The primary
factors influencing BMP removal efficiency
include rainfall characteristics; the volume of
stormwater that is detained, infiltrated, or
reused ("treatment volume™); the time needed
to recover the treatment volume; the
processes used to capture, filter, or
assimilate stormwater pollutants; whether
the system is on-line or off-line; and site
conditions. By analyzing the factors below,
an average annual pollutant removal effi-
ciency can be calculated based on the annual
mass of pollutants introduced and the annual
mass removed.

A. Rainfall Characteristics

An analysis of long-term rainfall records
needs to be undertaken to determine the
statistical distribution of various rainfall
characteristics such as storm intensity and
duration, precipitation volume, number of
storms, time between storms, etc. Unlike
flood control, which focuses on large,
infrequent storms, effective stormwater
treatment generally relies on capturing
and treating runoff from small, frequent
events that carry the majority of pollut-
ants. For example, in Florida, nearly 90% of
a year's storm events produce one inch of
rainfall or less, and 75% of the total annual
volume of rain falls in storms of one inch or
less (Wanielista, 1977). Also, the average
time between storms is an important
consideration in designing stormwater man-
agement practices (Wanielista et. al., 1991).
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FIRST SAMPLE &

*

Example of first flush runoff
from a parking lot.

B. "First Flush" Phenomenon

"First flush" describes the washing action
that runoff may have on accumulated
pollutants in the watershed. In the early
stages of runoff, the land surfaces, especially
impervious surfaces like streets and parking
areas, are flushed clean by the stormwater.
This can result in higher concentrations of
some stormwater pollutants, especially
particulates, during the early part of the storm
(Miller, 1985). However, the occurrence of
"first flush" depends on many factors,
including the pollutant, conveyance sys-
tem, drainage area, percent impervious-
ness, rainfall patterns, and location. For
example, in the Pacific northwest, which has
frequent, long duration, low volume storms,
first flush is much less pronounced. Where a
target pollutant is associated with the first
flush phenomenon, only this early fraction of
the total storm runoff volume must be
captured and treated to reach the desired
treatment level.

C. Land Use Pollutant Loadings

Stormwater pollutant sources, concentration
peaks, and decay functions vary from site to
site. Accordingly, the typical stormwater
pollutant loading from any particular type
of land use can vary greatly. Runoff from

Stormwater Management Practices

residential lands have lower concentrations
and loadings of most pollutants when

- compared to stormwater from commercial

land uses or highways. Runoff from streets
and parking lots will have higher concentra-
tions of heavy metals and other petroleum
associated pollutants. Consequently, setting
design criteria for stormwater BMPs must
include evaluation of factors such as land
use, the pollutants on site, and the
characteristics of the drainage basin, such
as the soil type, amount of imperviousness,
type of stormwater conveyance system, and
the length and time of travel.

D. On-line vs. off-line BMPs

On-line BMPs capture all of the runoff
from adesign storm, temporarily storing it
before discharge. They primarily provide
flood control benefits, with water quality
benefits secondary. However, some on-line
BMPs, such as wet detention systems, can do
an excellent job of achieving both objectives.

Off-line BMPs divert the runoff "treatment
volume" for treatment and isolate it from
the remaining fraction of runoff, which
must still be managed for flood control. This

Off-Line Treatment System

| Runcif From Site
L3

Diversion Devies T~ % )
"Smart Bow™ Bl J i

e
\I_ - -— | Detention Area for Stommwater Quantity

Retontion Area for Stormmwater Cuality

,

RS “Smart” Box Schematic

.t —_
T‘ Ourtlet Structure
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SCHEMATIC OF AN OFF-LINE TREATMENT SYSTEM
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helps to improve treatment efficiency, reduce
BMP maintenance, and make maintenance
easier.

E. BMP Efficiency and Cost Data

During the past 15 years, many investigations
of BMP effectiveness have been performed.
Typical information generated often includes
the pollutant removal effectiveness of various
BMPs, and the costs of BMP construction and
operation. A review of Florida BMP
investigations (Wanielista and Shannon,
1977) revealed that the cost of treatment
increases exponentially beyond “second-
ary treatment” (i.e., removal of 80% of the
annual load). Therefore, higher levels of
treatment are required in Florida only for
stormwater discharges to the state's most
sensitive water bodies.

F. Site evaluation

The soil types, slopes, geology, water table
and other features of a site will greatly
influence which BMPs will be most effective.
Sandy soils imply using infiltration practices
while natural low areas and high water tables
offer opportunities for wet detention ponds or
constructed wetlands.

3. STORMWATER POLLUTANTS AND
REDUCTION MECHANISMS

The key to properly specifying, designing,
and operating treatment practices is an
awareness of the pollutants in stormwater
and an understanding of the biological,
chemical, and physical mechanisms that can
be used to prevent them from proceeding into
receiving waters. Table 2-1 lists the principal
mechanisms that have potential to capture,
hold, and transform the various classes of
pollutants in urban runoff. The most common
stormwater pollutants and amelioration
mechanisms are summarized below:
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1. Sediment is solid material that originates
mostly from disintegrated rocks, eroded soill,
or accumulated organic materials deposited
on the land surface. The quantity,
characteristics, and causes of the sediment
are influenced by many factors including
slope, slope length, soil characteristics, and
land use, and traffic volume. Sediment
particles vary greatly in size and density. The
settleability of a particular sediment
particle depends directly on it's size and
density. Sediment size and density must be
determined to know which BMPs are most
appropriate to remove the particles and to
build into the stormwater management
system appropriate mechanisms to promote
the settling of these particles. Some soils,
because of their silty, colloidal nature, can
almost never be settled once they get into
suspension. These soils may require the use
of coagulating agents, such as alum or ferric
compounds, to remove them from the water.
Of course, the most effective control
method for sedimentation is erosion
control--prevent the production of sedi-
ment as much as possible.

2. Oxygen-demanding substances include
numerous organic materials that are decom-
posed by microorganisms thereby creating a
need for oxygen. Consequently, a stormwa-
ter system such as a detention pond must
include mechanisms to maintain high oxygen
levels and prevent the formation of anaerobic
conditions. Oxygenation mechanisms can be
natural (such as shallow depths, sufficient
length and width to induce wind mixing, and
orientation to maximize the opportunities for
wind mixing) or mechanical (such as
aerators).

3. Heavy metals in highway runoff originate
from the operation of motor vehicles,
atmospheric deposition, and the degradation
of highway materials. The most abundant
heavy metals in stormwater are lead, zinc and
copper, which together account for about 90
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TABLE 2-1. Summary of Stormwater Pollutant Removal Mechanisms

MECHANISM

POLLUTANTS AFFECTED

REMOVAL PROMOTED BY

Physical sedimentation

Solids, BOD, pathogens,
particulate COD, P, N,
synthetic organics

Low turbulence, increased
residence time

Filtration

Same as sedimentation

Fine dense herbaceous
plants, constructed filters

Soil incorporation

All

Medium-fine texture

Chemical precipitation

Dissolved P, metals

High alkalinity

Adsorption

Dissolved P, metals,
synthetic organics

High sail Al, Fe, organics,
circumneutral pH (around 7)

lon exchange

Dissolved metals

High soil cation exchange
capacity

hydrocarbons, synthetic
organics

Oxidation COD, petroleum Aerobic conditions
hydrocarbons, synthetic
organics

Photolysis Same as oxidation High light

Volatilization Volatile petroleum High temperature and air

movement

Biological microbial
decomposition

BOD, COD, petroleum
hydrocarbons, synthetic
organics

High plant surface area and
soil organics

Plant uptake and P, N, metals High plant surface area and

metabolism activity

Natural die-off Pathogens Plant excretions, saline water

Nitrification NH-3 Dissolved oxygen < 2 mgl/l,
low toxicants, temperature >
5-7 C, circumneutral pH

Denitrification NO3 + NO2 Anaerobic, low toxicants,

temperature > 15 C
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percent of the dissolved heavy metals and 90-
98 percent of the total metal concentrations
(Harper, 1985). Except for copper, zinc,
and cadmium, the majority of metals are
present in particulate form. Consequently,
very good removal efficiencies (60-95%) can
be obtained in properly designed stormwater
management practices.

To maximize heavy metal removal in
detention designs, designers should provide
physical configurations which encourage a
gradual reduction in flow velocity to promote
particle sedimentation; maximize the flow
length from inlets to the discharge point;
prevent short circuiting of flows and
hydraulically dead zones; and include
suitable aquatic plants to promote uptake and
removal of dissolved metal species. To keep
metals bound to sediment, it is important
that the sediment pH be kept near 7 and
that the sediments be aerobic. A decrease
in pH and, to lesser extent, a reduction in
redox potential, will cause metals to become
soluble and release from the sediment
(Harper, 1985). For this reason, it is
important to monitor the accumulation of
sediment and decaying organic matter within
detention ponds since this can result in
lowered pH and possible anaerobic condi-
tions. Failure to properly remove sediments
could cause release of accumulated metals
into the underlying ground water or into
surface waters.

4 Nutrients, such as nitrogen and
phosphorus, are common constituents of
stormwater. They stimulate the growth of
algae and other aquatic plants, and
contribute to oxygen depletion as these
plants decompose. Excessive nutrients
accelerate the natural process of eutrophica-
tion in lakes and streams. Nutrients in
stormwater may be either dissolved or
particulate, with particulate forms slightly
dominating (about 60%). Consequently, a
stormwater management system, especially
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a wet detention system, must incorporate
provisions for settling to remove particulate
forms of nutrients and include nutrient
assimilation for dissolved forms. A littoral
zone planted with suitable aquatic plants
should be concentrated near the discharge
point to provide nutrient assimilation.
Biofiltration, swale conveyance, sediment
sumps, or a perimeter swale and berm system
can be used to reduce particulate nutrients.

5. Increased temperature of stormwater
occurs because urban lands, especially
impervious surfaces, are heated on warm
days. Runoff stored in BMPs, especially
shallow ponds, is also heated by the sun
between storms. Proper selection of BMPs is
the best way to minimize adverse thermal
impacts from stormwater BMP discharges.
Galli (1991) ranks the potential of BMPs to
raise receiving water temperatures, from
least to most serious, as: infiltration basins <
extended detention wetlands < extended dry
detention ponds < wet detention ponds.
Other methods to lessen thermal impacts
include using wetland plants, or trees to help
shade BMPs, especially pilot channels and
outfall channels for extended dry detention
ponds. The use of exposed riprap or concrete
surfaces for these channels also can be
minimized. BMPs also can be oriented to take
advantage of prevailing winds, promoting
water circulation and cooling.

6. Increased stormwater volume associ-
ated with the increased imperviousness
which accompanies urbanization is now
being recognized as a major cause of water
body degradation. The increased volume of
runoff causes channels and streams to flow at
bank full levels more frequently resulting in
streambank and bed erosion, and loss of
habitat. Additionally, the discharge of greater
volumes of runoff to estuaries has led to
decreases in their salinity and shifts in
biological communities. Reducing stormwa-
ter volume is not easy. Nonstructural BMPs to
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minimize imperviousness and reduce directly
connected impervious area are the most
effective. Structural BMPs which help to
reduce stormwater volume include infiltration
systems, many biofiltration systems, and wet
detention stormwater reuse systems.

Although not specifically listed in Table 2-1,
treatment time is an important factor in
the functioning of all mechanisms. The
effectiveness of settling a solid particle is
directly related to the time provided to
complete sedimentation at the characteristic
settling velocity of the particle. Time is also
a crucial variable in determining the degree
to which chemical and biological mecha-
nisms operate. Chemical reactions and
biologically mediated processes all proceed
at characteristic rates, which must be
implicitly recognized to obtain their benefits
in treatment. For all of these reasons,
water residence time is the most basic
variable for applying treatment practice
technology effectively.

An alternative way of looking at the
information presented in Table 2-1 is to group
features that promote certain specific
pollutant control objectives.  The following
list extracts those features for the most
common objectives:

Features That Help Achieve
All Objectives

Increasing hydraulic residence time
Low turbulence

Fine, dense herbaceous plants
Medium-fine texture soll

Features That Help Achieve
Specific Objectives

Phosphorus control:
High soil exchangeable aluminum and/or
iron content

Stormwater Management Practices
Addition of precipitating agents

Nitrogen control:
Alternating aerobic and anaerobic
conditions
Low levels of toxicants
Circumneutral pH (around 7)

Metals control:
High soil organic content
High soil cation exchange capacity
Circumneutral pH
Organics control:
Aerobic conditions
High light
High soil organic content
Low levels of toxicants
Circumneutral pH

The degree of control that the treatment
system designer and operator can exert to
influence the operation of these various
features differs. Fortunately, at least three of
the four features that promote all favorable
mechanisms (possibly excluding the soil) are
under a high degree of control. The additional
features that promote the more specific
objectives require more intervention (e.g.,
developing some desired soil condition).

4.  STORMWATER MANAGEMENT
PRACTICES (BMPs)

The stormwater management tool box
contains many tools that can help prevent or
correct stormwater problems. The broaden-
ing objectives of stormwater management is
leading to the development of new tools and
the refinement of some of our existing tools.
The goals of a stormwater program usually
will play a major role in deciding which tools
will be selected and used.

Generally, the stormwater tool box can be

separated into two main drawers: nonstruc-
tural controls and structural controls.

2-13
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Generally, nonstructural controls are those
that can help to prevent stormwater problems,
while structural controls are used to mitigate
stormwater problems. Until recently, most
stormwater programs, because of their focus
on flood control, have relied upon structural
controls.

Nonstructural controls often are somewhat
difficult to implement. Several of them require
consideration and control of changes in
property (i.e., growth management, land use
planning, zoning) - often very controversial
topics. Nonstructural controls also include
“source controls”, which areused to limit
the types and amounts of potential
pollutants that get into runoff. Many
source controls involve modifying or control-
ling certain aspects of human behavior such
as the use of fertilizers, pesticides or
household cleaners. Doing so may be very
difficult or highly controversial. However,
source controls can be very effective,
especially in highly urbanized areas, and less
costly than structural controls. The dilemma
for stormwater managers is the effective-
ness of nonstructural controls is not well
understood yet.

With respect to structural controls, broaden-
ing of stormwater management goals often
requires reconsideration of the usual BMP
design, less emphasis and use of certain
practices, changes in preferred alternatives,
and greater emphasis on regular mainte-
nance. For example:

e To improve pollutant removal, detention
pond design typically must be changed to
increase residence time, maximize length
of flow through the pond, and include
shallow littoral zones planted with
appropriate native wetland plants to help
remove dissolved nutrients and metals.

e Less emphasis is placed on use of dry
detention, which is used widely for flood
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control. However, dry detention systems
provide very low pollutant removal
benefits because of very short detention
times, bottom discharge controls, and
paved channels.

In many locations, local codes require the
use of street curbs and gutters with storm
sewers to eliminate ponding of runoff,
even for short periods of time. To promote
infiltration, thereby decreasing runoff
volume and improving pollutant removal,
many localities are eliminating this
requirement and promoting the use of
roadside vegetated swales, especially in
low or medium density residential areas.

There is increasing emphasis on the
“BMP treatment train” concept, wherein
several types of stormwater controls
are used together and integrated into a
comprehensive stormwater manage-
ment system. This is especially true
where wet detention ponds are the
primary control but are being promoted as
a visual and recreational amenity on a
project. To help prevent the wet pond from
turning into an algae-covered eyesore,
swales can be used for conveyance
instead of storm sewers, and vegetated
littoral zones are added to assimilate
nutrients. Increasingly, the use of small,
off-line depressional storage areas is
being integrated into site plans, usually as
part of the site’s required open space and
landscaping. These can not only reduce
pollutants but decrease the overall size

BMP TREATMENT TRAIN

RETENTION | | DETENTION

{ (@]
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and cost of downstream stormwater
system components.

4.1. BMP Selection

Effective operation and minimum mainte-
nance of a stormwater system begins with
selection of the most appropriate BMP(s) for
the site. Factors which need to be evaluated
include:

A. Watershed Area

Infiltration, biofiltration, and filter BMPs
generally are more suitable for smaller areas.
Pond BMPs typically require a larger drainage
area to assure proper operation.

B. Area Required

Adequate area must be available at the site.
Many BMPs are land intensive but some can
be installed underground, although this
increases maintenance difficulties and costs.

C. Stormwater pollutants

Most BMPs are more effective at removing
particulate related pollutants. Some BMPs,
primarily those with vegetative components,
can also reduce dissolved constituents.

D. High Sediment Loading

Many BMPs are highly susceptible to
clogging. Pretreatment (BMP Treatment
Train) helps to increase effectiveness, reduce
maintenance, and extend the life of BMPs.

E. Soil type

Soil permeability has a profound influence on
BMP effectiveness, especially for infiltration
practices. Also, silty and clayey soils that get
into stormwater are much harder to settle than
sandy ones.

Stormwater Management Practices

F. Slope
Steep slopes can restrict the use of several

BMPs, especially when water ponding or flow
velocity may cause instability or erosion.

G. Water Table Elevation

A crucial factor in the design of all BMPs is
water table elevation. Incorrectly estimating
the seasonal high water table so it is too close
to the bottom can cause BMP failure,
decrease effectiveness, and increase mainte-
nance. This is especially true for infiltration or
dry detention systems. Wet ponds need high
water tables to maintain their permanent
pools.

H. Bedrock or Hardpan

Restrictive soil layers or rock can impede
downward infiltration of runoff or make
excavation for ponds impossible or expen-
sive.

Solution pipe sinkhole in the bottom
of an infiltration system.
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|. Karst Geology

Fractured limerock geology provides chan-
nels for stormwater pollutants to migrate into
the ground water. Excavation or the hydraulic
head of stored runoff may create sinkholes in
the bottom of BMPs creating a direct
discharge to ground water.

J. Proximity to Foundations, Septic Tanks,
and Wells

BMPs should not be located close to building
foundations, septic tanks, or drinking wells.
Seepage problems or ground water pollution
can result, especially from infiltration prac-
tices.

K. Receiving Water

If the stormwater discharge will be to an
estuary or other saline habitat, BMPs which
reduce stormwater volume need to be
considered first. If the discharge is to a water
body which supports a cold water fishery or
biological community, the potential thermal
impacts must be considered in the selection
of the most appropriate stormwater BMPs.

L. Water Availability

Water may be needed during the dry season
to keep grass or other vegetation alive and
continuing to function as a filtering media.
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M. Side Effects and Ancillary Benefits

Potential for mosquito breeding or ground
water contamination need to be considered,
as do opportunities for wildlife use and
passive recreation.

N. Public Acceptance

No stormwater system will be maintained if
the property owner does not like or approve
of its design or the types of BMP used.

4.2. BMP Fact Sheets

The remainder of this chapter consists of a
series of fact sheets on each of the major
types of stormwater management practices
used to treat runoff. They are presented in the
following order:
e Infiltration Practices
Infiltration Basin
Infiltration Trench
Exfiltration Trench
Pervious Pavement
Modular Pavement
e Detention Practices
e Dry Detention Basin
e Extended Dry Detention Basin
e Wet Detention Basin
e Biofiltration Practices
Constructed Wetlands
Filtration Practices

BMP Treatment Train. Runoffis
routed off the parking lot through
curb cuts, into a swale which
conveys stormwater to araised
inlet. A storm sewer transports the
runoff to a wet detention pond, all
in a landscaped setting. Remem-
ber "BMP" does not stand for Big
Muddy Pond!
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Infiltration
Practices

Description

A family of practices in which the "treat-
ment volume" is infiltrated into the soll

rather than discharged off-site. Infiltra-
tion practices include basins, trenches,

dry wells, pervious pavement, and, to a certain extent, swales, which will be considered a
biofiltration practice in this handbook.

Purpose

Infiltration practices are used for two primary purposes: reducing the total volume of storm-
water runoff, and reducing the stormwater pollutant loading discharged off-site.

Pollutant Removal Mechanisms

The primary "treatment” mechanism is the infiltration and evaporation of runoff. This reduces
the total volume of stormwater leaving the site, thereby reducing the total pollutant loading.
Ancillary benefits of reducing stormwater volume include a decrease in stream channel ero-
sion and loss of stream habitat.

Pollutant removal occurs as runoff passes through the soil profile and/or the vegetation root
mass. Pollutants are trapped, bound, or decomposed in the vegetation, its roots, and in the
pore spaces between the soil particles, while runoff passes into the ground. Soils must have
an appropriate infiltration rate, contain sufficient organic matter, and maintain aerobic condi-
tions to minimize migration of pollutants into the ground water.

Expected Stormwater Quantity and Quality Performance

Infiltration BMPs are highly effective in reducing total stormwater volume. This helps to
reduce peak discharge rates, downstream channel erosion, and downstream water eleva-
tions. The infiltrated water also help to preserve stream base flow.

Stormwater treatment effectiveness depends primarily on whether the infiltration practice is
on-line or off-line, and on the sizing criteria used to design the facility. When designed as off-
line BMPs, infiltration practices remove 100% of the stormwater pollutant loading for all of the
runoff which is infiltrated. Total annual pollutant load reduction depends on the volume of
annual runoff which is diverted into the BMP and infiltrated into the ground.

On-line infiltration systems will have lower treatment efficiencies than off-line systems.
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Expected annual average pollutant removal efficiencies of on-line systems are :

Total Suspended Solids  75%

Total lead 50%

Total Phosphorus 50% Total zinc  65%
Total Nitrogen 40%, but highly variable  Total copper 25%
COD 40%

Limitations on Use

e Require porous soils, such as sands and gravels, to allow infiltration of runoff within de-

sired time.

e Not suitable if soils have 30 percent or greater clay content or 40 percent or greater silt/

clay content.

e Not suitable in areas with high water tables, shallow depth to highly impervious strata

such as bedrock or clay solls.
Not suitable on fill sites or steep slopes.

Risk of ground water contamination, especially in coarse sandy soils and karst geology.
May not be appropriate at sites where spills of hazardous materials may occur.

Operation, Maintenance, and Management Needs and Obligations

Retention basin with soggy bottom because it

doesn'tinfiltrate the runoff within the design time.
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B Operation

Infiltration practices all depend on the

- ability of stormwater to pass through the

~ vegetation and soil into the ground.

Therefore, long term operation of the

~ practice depends on maintaining its per-
. meability.

" The primary causes of infiltration system
failure include:

inadequate soil investigation,resulting
in poorly designed systems that do not
percolate.

inaccurate estimation of the soil infil-
tration rate at the bottom of the pro-
posed facility.

premature use of facility before con-
tributing area is stabilized.

improper construction, resulting in soil
compaction or sedimentation.

high sediment loadings or a lack of
maintenance, leading to clogging.
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B Maintenance

The frequency and need for maintenance will depend primarily on the loading of particu-
lates and whether pretreatment practices have been used. Maintenance activities will
include:

Removal of accumulated solids.

Mowing and removal of vegetation.

Vegetative stabilization of eroding sides or bottom.

Rototilling, disking, or aerating the bottom or bottom vegetation.

Clearing materials that have accumulated in the discharge structure.

Cleaning pretreatment BMPs (i.e., swales, sediment sumps) so they can continue
to protect the infiltration practice.

B Management Needs and Obligations

¢ Inspect the facility semiannually (just before the wet season and at the end of it) and
after large storms. If there is still water in the BMP after 72 hours (or after 24-36
hours for vegetated systems), it is time to clean it and restore its percolation capac-
ity. Cleanout frequency will depend on whether the practice is on-line or off-line,
vegetated or not vegetated, its design storage capacity, sediment loading, and use
of pretreatment BMPs.

e Eroding sides or bottoms need to be revegetated as soon as possible.

¢ Revegetate the contributing area where needed to stabilize and reduce generation
of particulates.

Recommendations to Assure Proper Operation, Maintenance and Performance

1. One of the most difficult aspects of designing infiltration practices, and the key to proper
operation, is obtaining reliable information about the actual infiltration rate of the soil
where the BMP will be constructed. To determine the infiltration rate, recommendations
include:

e Use a conservative estimate and a safety factor.

e Measure infiltration rates at the actual location where the BMP is to be sited.

e Since soil characteristics, including infiltration rate, change with depth, it is crucial that
the measurements be made at the depth of the design elevation of the bottom of the
practice.

e Infiltration rates should be determined by mass balance field tests, if possible. If field
tests are not possible, then infiltrometer tests should be used. Lab permeability tests
are a third option. In either of these latter two tests, the design infiltration rate should
be half of the lowest measured rate.

2. To minimize the potential for ground water contamination, be sure that the bottom of the
infiltration practice is at least four feet above the seasonal high ground water elevation.
Be sure to include consideration of ground water mounding.

3. Do not use infiltration practices for erosion and sediment control during construction.
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4.

Do not place infiltration systems into operation until their contributing drainage area is
completely stabilized.

Use pretreatment practices such as swale conveyances and sediment sumps to reduce
sediment loading and potential clogging.

Underground systems must include pretreatment BMPs and an observation well to allow
easy determination of whether runoff is percolating within the design time.

Include a maintenance access that lets O&M activities get done without moving heavy
equipment onto the infiltration area.

Bedrock should be at least four feet beneath the bottom of the practice. In those parts of
the country with fractured bedrock or where limestone is at or near the land surface, spe-
cial precautions must be taken to prevent ground water contamination. This is especially
true in "Karst Sensitive Areas" where sinkhole formation is prevalent. In these types of
areas, a site specific hydrogeological investigation needs to be undertaken including geo-
logic borings wherever infiltration practices are proposed. Infiltration practices in these
areas should include several small off-site areas, swale conveyance for pretreatment, be
as shallow as possible, be vegetated with permanent cover such as sodded grasses, and
have flat bottoms to keep the runoff spread out across the entire infiltration area.
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Retention basin built in area of Karst geology.
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8. Construction Recommendations: To protect the natural infiltration rate and minimize
potential clogging, special precautions need to be taken during construction including:

e |f possible, schedule construction so it does not occur during the rainy season and does
occur during the vegetative growing season.

¢ Infiltration areas should be well marked in the field and heavy equipment and sediment
kept away from them.

e Construction should be overseen by someone who is trained and experienced in the
installation of infiltration practices and who is knowledgeable about their purpose and
operation.

e The design team should inspect the exposed soil after excavation to confirm that soil
conditions are as expected and are suitable. If they are not, work should stop and the
situation should be analyzed to determine whether or not design or construction changes
are necessary to ensure success.

e If possible, build the facility without driving heavy equipment over the infiltration surface
as this will compact the soil and reduce the infiltration rate. Any equipment driven on the
surface should have extra wide, low pressure tires.

e During construction, place excavated material at least 10-15 feet away from the infiltra-
tion area.
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e Construction of the infiltration practice should not begin until after the site has been com-
pletely stabilized. If this is not possible, then:

e Diversion berms should be placed around the perimeter of infiltration areas to divert
runoff and sediment away from them during the construction phase of a project.

e The facility should not be excavated to final grade until after the contributing drainage
area is stabilized. Leave one foot of native soil which can be removed in layers as it
clogs while construction is occurring.

e [Excavate infiltration areas using light equipment and construction procedures which
minimize compaction.

o After final grading, the infiltration surface area should be deeply tilled to provide a well
aerated, highly porous surface texture.

A retention basin which has been recently tilled to
help restore its infiltration capabilities.
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Infiltration

Basin

Description

A surface area used to tempo-
rarily store runoff for a selected
design storm or specified treat-
ment volume. Storage volume
is recovered when the runoff per-
colates into the soil or
evapotranspires. Infiltration basins may be made by either excavating soil or by building an
embankment.

Pollutant Removal Mechanisms

e Percolation of runoff reducing stormwater volume discharged off-site.
e Filtering and adsorption of pollutants by the vegetation, roots, and soil profile.

Advantages
e Can be integrated into a site's open space and landscaping helping to increase
aesthetics.
e Area can be used for ancillary purpose, such as recreation, between storms .
e Surface systems are more easily inspected and maintained.

Disadvantages

Land needed for the basin can be expensive and prevents this area from being used for
other development related purposes.

Operation, Maintenance, and Management Needs and Obligations
B Operation
Successful operation depends on maintaining the percolation rate of the basin's floor and
side slopes. To minimize the potential for ground water contamination, and to naturally
help maintain percolation rates, vegetation such as grasses should be planted and main-
tained on the basin floor and side slopes.

B Maintenance

Activities necessary to maintain the basin's function include:
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e Removal of accumulated solids. Ideally, these are trapped in a pretreatment settling
forebay to minimize the need to disturb the basin's vegetation. In non-vegetated
basins, sediments should be removed from the basin when its floor is dry and after
the accumulated sediments have cracked and separated from the bottom. Hand rak-

ing and removal is recom-
mended, if possible, to mini-
mize compaction. In veg-
etated basins, the grass of-
ten will grow up through
sediment deposits unless
they are extremely heavy.

ed with grass.

e Mowing and removal of
vegetation. The use of low
growing grasses is recom-
mended to minimize mowing
frequency.

e Fertilizers should only be
used if absolutely neces-
sary.

Unvegetated infiltration

¢ Vegetative stabilization of system with sand bottom.

eroding sides or bottom.

¢ In vegetated basins, the
grassed floor should be
aerated annually.

¢ Rototilling or disking the
bottom in non-vegetated
basins. Tilling is required
periodically (at least once
annually and perhaps
more often) to help re-
store the natural infiltra-
tion capacity. Allaccumu-
lated sediment must be removed first. Light tractors with rotary tillers or disc harrows
can be used, followed by use of a levelling drag. After tilling, the basin floor should be
level, smooth, and free of ridges and furrows to ease future removal of sediments. In
northern climates, the basin surface may be very porous in the spring due to the effects
of freeze and thaw. Infiltration capacity will diminish rapidly afterwards so tilling should
be scheduled for late spring or early summer to help restore percolation.

e Clearing materials that have accumulated in the discharge structure.
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B Management Needs and Obligations
Inspect semiannually and after large storms to assure proper percolation, prevent ero-
sion, measure sediment accumulations, and assure proper vegetation growth. Signs that
the basin is not infiltrating as designed include a "soggy" bottom, death of grass cover, or
invasion by cattails or other wetland type vegetation. A simple "staff gage" made from a
one inch pipe driven into the ground can be used to measure sediment depths.

Recommendations to Assure Proper Operation, Maintenance, and Performance

1. See recommendations for "Infiltration Practices".

N

Use energy dissipation at inlet to minimize erosion.

w

. Side slopes of at least 3:1 for safety, and for ease of mowing, although 4:1 is optimal.
4. Provide dedicated access to the basin bottom for maintenance vehicles.

5. Construction recommendations:

¢ Follow all of the construction recommendations under "Infiltration Practices".

e To maximize opportunities for infiltration, it is crucial that the basin's floor be evenly
graded with a zero slope. If the bottom is uneven, these low spots will remain under
water too long and may become chronically wet.

e Since some compaction will occur during excavation and construction, deeply till the
bottom of the infiltration surface after final grading or excavation.

e Stabilize with vegetation within one week after construction. Vegetation not only helps
to prevent erosion, provide filtration and uptake stormwater pollutants, but the roots
help to naturally maintain the soil's infiltration rate. The condition of the newly estab-
lished vegetation should be checked several times during the first few months. Reme-
dial actions such as reseeding, sodding, fertilization, or irrigation should be taken
whenever necessary.

Clogged infiltration basin.
Standing water creates an
aesthetic and mosquito
problem.
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Infiltration Trench

Description

A shallow excavated trench, usually two to ten feet
deep, backfilled with a coarse stone aggregate,
allowing for temporary storage of runoff in the
voids between the aggregate material. Trenches
can be located on the surface or below the ground.
Surface trenches receive sheet flow runoff directly
from adjacent area, usually after the runoff flows
over a grass buffer. Underground trenches receive runoff from storm sewers and must
have pretreatment inlets.

Pollutant Removal Mechanisms

e Percolation of runoff reducing stormwater volume discharged off-site.
e Filtering and adsorption of pollutants by the soil profile.

Advantages
e Require less land area than do surface basins.
e One of the few BMPs that can be used when land area is limited and can be fit into
highway medians, site perimeters, and other unused areas of a site.
Disadvantages
¢ Difficult to monitor their continued performance, especially if observation wells are
not included.
e Can become clogged fairly easily and very difficult to unclog, especially under-
ground trenches.
Operation, Maintenance, and Management Needs and Obligations
B Operation
Successful operation depends on maintaining the percolation rate of the trench's sides
and bottom. The keys to assuring successful long term performance are accurate estima-

tion of the percolation rate, proper construction, pretreatment, off-line design, and main-
tenance accessibility.
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B Maintenance

Stormwater Management Practices

Activities necessary to maintain the trench's function include:

e Regular removal of accumulated solids from the pretreatment BMPs to prevent
them from moving into the trench.

e Removing sediment buildup in the stone aggregate. This can involve monitoring
and removal of sediments within the top foot of aggregate or allowing sediments to
penetrate deeper into the trench necessitating removal and replacement of much
of the stone aggregate. The former option is preferred.

Filter Fabric ‘
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B Management Needs and Obligations

Aggregate backfill

Undisturbed soil

Schematic of infiltration trench
with observation well.

The observation well needs to be monitored periodically. For the first year after construc-
tion, the well and pretreatment BMP should be monitored monthly after a storm during the
rainy season and quarterly in the dry season. A log book should be maintained by the
responsible maintenance entity and include information such as the date, water level,
date of last rainfall, and calculation of the drawdown time. Once the trench's performance
characteristics have been documented, the monitoring schedule can be reduced until the
performance data indicates a reduction in percolation rate.
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Recommendations to Assure Proper Operation, Maintenance, and Performance

1. Accurately estimating the trench's infiltration rate is crucial to successful operation.
Whether infiltration primarily occurs through the trench bottom or sides will depend on the
elevation of the water table and soil properties.

2. To minimize the potential for ground water contamination, the bottom of the trench should
be at least four feet above the seasonal high ground water elevation. Don't forget to
include consideration of ground water mounding when setting the elevation of the trench
bottom.

3. Pretreatment is essential to minimize sediment and organic matter loading thereby reduc-
ing the potential for the stone filled trench to become clogged.

4. A 4 or 6 inch diameter observation well with locking cap must be included to allow evalu-
ation of performance and the infiltration rate over time.

5. Construction recommendations:

e Follow all of the recommendations under "Infiltration Practices".

e Timing - The trench should not be constructed or placed into service until all of the
contributing drainage area is completely stabilized. If the trench is constructed prior to
drainage area stabilization, then the trench should be covered with heavy plastic to
prevent any inflow until stabilization is completed.

e Erosion and sediment control - Special care must be taken to prevent soil from getting
into the trench between the aggregate and the geotextile fabric.

e Excavation - The trench should be excavated using a backhoe or trencher equipped
with tracks or oversized tires. Normal rubber tires should be avoided since they com-
pact the subsoil and reduce infiltration capability. For the same reason, bulldozers or
front-end loaders should not be used unless they are equipped with extra-wide treads
("low pressure treads"). Excavated materials should be kept at least 15 feet away from
the trench to avoid backsliding and cave-ins.

e Geotextile fabric - Once the trench is excavated, the bottom and sides should be lined
with an appropriate geotextile fabric to prevent upward piping of underlying soils. Be-
fore installing the fabric, inspect the bottom and side walls of the facility for any protrud-
ing objects, like tree roots, that may puncture the filter fabric. Care should be taken in
selecting the proper kind of fabric as available brands differ significantly in their perme-
ability and strength. When cutting the fabric, be sure the length and width are sufficient
to conform to the trench's dimensions and allow a 12 inch minimum top overlap. If more
than one roll of fabric is needed, the upstream roll should overlap at least 2 feet over the
downstream roll to provide a shingled effect.

e Unstable excavation sites - Vertically excavated walls may be difficult to maintain in
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areas where the soil moisture is high or where soft or cohesionless soils predominate.
These conditions may require laying back the side slopes or using trench safety proce-
dures. Trapezoidal excavation may result when laying back the side slopes creating a
need to carefully back fill the space between the filter fabric and the excavation sides.
Natural soils should be placed in these spaces at the most convenient time during
construction to assure fabric conformity to the final side dimensions. Trenches over
four feet deep require shoring pursuant to OSHA regulations.

e Stone aggregate - Clean, washed stone aggregate should be placed in lifts and com-
pacted with plate compactors. Soft stones such as limestone or bluestone aggregates
should be avoided. A maximum loose lift thickness of 12 inches is recommended. The
compaction process ensures fabric conformity to the excavation sides, thereby reducing
potential for soil piping, fabric clogging, and settling problems.

e Covering - Once the stone aggregate is placed, the filter fabric needs to be folded over
it to form a minimum 12 inch longitudinal overlap. The desired fill soil or stone aggre-
gate should be carefully placed atop the fabric so as to maintain the overlap.

e Operation - The trench should
remain covered until all of the
contributing drainage area is
completely stabilized.

Infiltration trench covered
with plastic, upon which
sediment has accumulated,
to prevent sediment entry
during construction.
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6" Concrete Slab 4" x 4" Curb
2" x 2" Grate

Asphalt

Exfiltration

Mesh Inlet
Screen

Trench

Descrlptlon Filter Fabric Catch Basin

Sediment Sump

An infiltration trench in which the — R ;.

runoff (treatment volume) is stored

in a perforated or slotted pipe, and

percolates out through the surrounding gravel envelope and filter fabric into the soil.

Pollutant Removal Mechanisms

e Percolation of runoff reducing stormwater volume discharged off-site.
e Filtering and adsorption of pollutants by the soil profile.

Advantages

Similar to infiltration trenches, except they can also be placed beneath paved surfaces
such as parking lots and streets.

Disadvantages
o Difficult to monitor their continued performance, requiring regular visual inspection
of the inside of the pipe to determine accumulation of sediments and other materi-
als. Observation wells may not be as useful as for infiltration trenches.
e Can become clogged fairly easily, and they are very difficult and expensive to un-
clog.
Operation, Maintenance, and Management Needs and Obligations
B Operation
Successful operation depends on maintaining the percolation rate of the trench's sides
and bottom. The keys to assuring successful long term performance are accurate estima-
tion of percolation rate, proper construction, pretreatment, off-line design, and mainte-
nance accessibility.

B Maintenance

Activities necessary to maintain the trench's function include:

e Regular removal of accumulated solids from the pretreatment BMPs to prevent

them from moving into the trench.
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¢ Implementation of source controls, such as street sweeping, landscaping practices,
and other good housekeeping practices, which reduce the generation of sediments.

e Removing sediments and other organic matter that accumulates within the exfiltration
pipe.

e Pipes should be inspected quarterly for the first year to determine how quickly
materials accumulate in them. Accumulated materials can be vacuumed out with a
vactor. High pressure cleaning of the holes or slots in the pipes can help to reduce
clogging.

e Removing sediments which accumulate within the aggregate envelope, with pos-
sible replacement of aggregate necessary if sediments aren't removed from the

pipe.
B Management Needs and Obligations

The exfiltration system needs to be monitored periodically. For the first year after con-
struction, the pipe should be monitored quarterly. The pretreatment BMP should be checked
monthly during the rainy season and quarterly in the dry season. The observation well,
included to monitor water levels in the surrounding gravel envelope, should be monitored
after storms monthly during the rainy season and quarterly in the dry season. A log book
should be maintained by the responsible maintenance entity and include information
such as the inspection date, date and amount of last rainfall, visual observations of the
pretreatment BMP and pipe, water level, and calculation of the drawdown time. Once the
trench's performance characteristics have been documented, the monitoring schedule
can be reduced until the performance data indicates a reduction in percolation rate.

Recommendations to Assure Proper Operation, Maintenance, and Performance
1. Follow all of the recommendations for "Infiltration Trenches".
2. When estimating the design exfiltration rate, Wanielista et. al. (1991) concluded:

e Permeability of the parent soil is not the limiting exfiltration rate.

e The limiting exfiltration rate is set by the geotextile filter fabric not the soil.

e A maximum rate of 0.5 inch/hour should be used if infiltration is assumed to occur
through both the sides and bottom of the trench.

e A maximum rate of 1.0 inch/hour
should be used if infiltration is
assumed to occur only through the
trench's sides.

3. Construction recommendations:

e Follow all of the recommendations g
for "Infiltration Trenches".
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PERVIOUS PAVEMENT SURFACE COURSE
142" to 34" Aggregate mix

Pervious
Pavement : e counse

RESERYOIR BASE COLURSE
1" to 2" Aggregate

Woids volume is designed
for retention volume

Description

Thickness based on storage required

A pavement with traditional strength U -‘ FILTER FABRIC
=l =7

characteristics but which allows rainfall gu@;uﬁmguamgﬁ'g%? e EXSTRC SO

and runoff to percolate through it rather porosity and permeability
than running off.

There are two types of pervious pavements - porous asphalt and pervious concrete. Porous
asphalt consists of an open graded coarse aggregate held together by asphalt with sufficient
interconnected voids to provide a high rate of permeability. Pervious concrete is a discon-
tinuous mixture of Portland cement, coarse aggregate, admixtures, and water which allow for
passage of runoff and air. Both types of pervious pavements omit most or all of the fine
aggregate typically used in conventional pavements.

Pollutant Removal Mechanisms

e Percolation of rainfall and runoff through the pavement into the underlying aggregate
storage reservoir and ultimately into the soil.

Advantages

e Reduces site imperviousness thereby reducing stormwater volume and peak dis-
charge rate.

e Generally, ground water recharge rates are slightly higher under pervious pavement
than under natural conditions because vegetation is absent thereby reducing transpi-
ration of soil water.

e Overall construction costs may be reduced because of the reduction or elimination of
storm sewers, inlets, and traditional stormwater practices such as detention or reten-
tion areas.

e Pervious pavements reduce hydroplaning and skidding by up to 15%.

e Water puddles less on pervious pavement since it moves rapidly into the underlying
aggregate reservoir. Besides allowing people to walk through parking lots without
getting their feet wet, this also reduces headlight reflection off the surface and makes
pavement markings more visible.

Disadvantages

e The major disadvantage is the tendency for pervious pavement to clog. This can
occur as a result of improper batching, placement, finishing, and, most commonly, lack
of maintenance. Once clogged, it is very difficult and expensive to rehabilitate, often
requiring complete replacement.
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e Another concern related to failure of pervious pavements is the lack of experience
many pavement engineers and contractors have with these pavements. Proper de-
sign, batching, pouring, and finishing are essential to the successful use of pervious
pavements. Both porous asphalt and pervious concrete require a very high level of
workmanship and special procedures to assure that they retain their porous qualities.

e Spills of gasoline or other potentially hazardous materials can lead to soil or ground
water contamination and may break down the asphalt binder to greater depths than in
conventional pavements. Spills must be immediately vacuumed, followed by a jet
washing.

e In areas with long duration rainfalls, such as the Pacific Northwest, anaerobic condi-
tions may develop in the underlying soils since the soils are unable to dry out between
storms. This can prevent aerobic bacteria from reducing organic pollutants. Addition-
ally, the wet subgrade soils may not support the design load.

j=—=

Improper batching at Florida Dept. of Environmental Protection parking lot
necessitated replacement of pervious concrete section.

Operation, Maintenance, and Management Needs and Obligations
B Operation
Successful operation depends on maintaining the permeability of the pavement surface.

This begins with proper design and construction and is assured over time by proper main-
tenance.
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B Maintenance

Activities necessary to maintain the performance of pervious pavements include:

B Management
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"Good housekeeping" practices by the users to minimize the production and trans-
port of particulates onto the pervious pavement. This includes vegetative stabili-
zation of adjacent areas which may erode and become a source of sediments.

Routine maintenance to remove debris that is too coarse to be washed through the
pavement.

T

Regular vacuuming with a
vacuum street sweeper to re-
move particulates that are fine
enough to be carried into the
pavement but too large to pass
through, thereby causing clog-
ging of the void spaces. The
frequency of vacuuming will
depend on factors such as the
amount and type of traffic, and
the sources and loadings of
particulates.

High pressure jet hosing on an
annual basis to "deep clean”
the voids and help restore per-
meability.

All pervious pavements should o p
be inspected several times in : 3- ‘".' e
the first few months after con- " ;.ﬂ{;

struction to assure that they are . -'*-4 r sure. cleanlng the FDEP
working correctly and to make ;* i ﬂq Iot

sure that they were installed .

properly. Inspections should be " __A
conducted after storms to

check for surface ponding that may indicate local or widespread clogging. Addi-

tionally, the pavement should be checked for the first six months for raveling (dis-
lodging of surface aggregate) or severe rutting.

The surface should be visually inspected on a routine basis, especially after a
prolonged storm event, for evidence of debris, ponding of water, oil dripping accu-
mulations, clogging of pores, and other damage. Debris should be removed peri-
odically to minimize accumulations. If ponding or clogging is noticed, then a main-
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tenance program needs to be implemented. First, a vacuum street sweeper should
be used. If ponding continues to persist, steam cleaning with a biodegradable
cleaner should be performed, followed by vacuumsweeping.

e |f pervious pavement continues to clog after vacuuming and steam cleaning, reha-
bilitation or replacement of a section or all of the pavement may be needed. Clogged
pervious concrete pavements have been successfully restored by drilling holes,
0.25 inch in diameter on one foot centers. Clogged porous asphalt sections have
been similarly restored. If clogging continues, sections of pervious concrete can
be saw cut and removed. Six to twelve inches of subbase should be replaced with
clean, coarse sand or crushed stone, then proof-rolled, followed by a new layer of
pervious concrete.

Recommendations to Assure Proper Operation, Maintenance, and Performance

1. Only designers, engineers, and contractors experienced in the placement of pervious
pavements should be used. Otherwise, the services of an experienced consultant should
be obtained.

2. Proper design is essential. The following steps should be taken to ensure proper design:

e Determine the suitability of the site for the use of pervious pavement. Examine the
soils, slopes, and projected use of the site including the expected traffic intensity.

e Sample and test the site's soils to determine their permeability and load carrying capac-
ity. If permeability is marginal, ways to augment percolation (such as perforated
underdrains) should be evaluated. Since pervious pavements distribute the loads
over a large area, uniformity of subgrade support, rather than strength, is the major
criteria of a suitable subgrade. The presence of silts and clays that are highly com-
pressible, lack cohesion, or expand when wet can create problems. These soil condi-
tions must be analyzed individually for their support values and modified or replaced
when necessary.

e In frost penetrates deeper than the thickness of the pavement and reservoir courses,
and the subgrade soil has the potential for frost heaving, additional thickness must be
added to the reservoir base course to extend it below the frost line to allow for ad-
equate drainage.

e Use specifications such as those of the Franklin Asphalt Research Laboratories or
found in the Portland Cement Pervious Pavement Manual to determine the appropri-
ate thickness of the pervious pavement system, including its pavement course, filter
course, and reservoir course. The thickness of the reservoir course will also depend
on the desired storage volume.

e Prepare specifications for materials, product installation, testing, and maintenance.

Consult literature from the Franklin Asphalt Research Laboratories or the Portland
Cement Pervious Pavement Manual for example specifications.
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3. Construction recommendations:
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To preclude premature clogging and/or failure of pervious pavements, they should not
be placed into service until the entire contributing surface drainage area has been
completely stabilized.

Clearly mark the planned area for per-
vious pavement to prevent heavy equip-
ment from compacting the underlying
soils.

Install diversions to keep runoff off the o 4
area until the pervious pavement is in A Unstabilized sides next
place. to pervious concrgte

Excavate the subgrade soil using equip-
ment with tracks or oversized tires to
minimize compaction.

Once excavation is complete, the bot-
tom and sides of the stone reservoir
should be lined with an appropriate
geotextile filter fabric to prevent upward
piping of underlying soils. Be sure the
fabric is placed flush with at least a 2
feet overlap between rolls. Note that
the filter fabric is not used for pervious
concrete pavements.

Clean, washed stone aggregate should
be placed in lifts and lightly compacted
with plate compactors.

Porous Asphalt Surface Course - Before placement, be sure that the asphalt mix meets
the desired specifications. Lay the asphalt in one lift directly over the aggregate base
course but only when the air temperature is above 50° F and the laying temperature is
between 230° and 260° F. Roll the asphalt when it is cool enough to withstand a ten-
ton roller. One or two passes by the roller normally provides proper compaction.
More rolling could cause reduction in the surface course porosity. After final rolling, all
traffic should be kept off the porous asphalt area for at least one day to allow proper
hardening.

Pervious Portland Cement - Carefully follow the specifications and guidance set forth
in the Portland Cement Pervious Pavement Manual. Before accepting the load, be
sure that it meets the desired specifications. To assure proper operation, it is crucial
that (1) the total water content in the mixture be within the desired narrow range; (2)
the mixture is held within the truck for no more than 45 to 60 minutes depending on air
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_ B " THE PAVEMENT IN THIS

temperature; (3) the mixture is visually inspected before placement to assure that the
proper water-cement paste is uniform in consistency and adequately coating the ag-
gregate surface; (4) the mixture should be discharged from the truck as rapidly and
continuously as possible, and distributed on the prepared moist subgrade as evenly
as possible; (5) spreading, strike-off, and compaction should be performed as quickly
as possible; (6) a vibrating screed should be used to strike-off the mixture, with an
inch of material along the base of the screed to provide uniform compaction; (7) com-
paction, using a small plate vibrating or roller compactor on top of 3/4" plywood,
should be done within 20 minutes after strike-off to minimize the potential for raveling;
(8) moist curing is started within 20 minutes after placement. The concrete should be
sprayed with a light mist of water so as not to wash the cement paste off the aggre-
gate. Itis then covered with plastic sheets for 3 to 7 days.

Be sure that the adjacent areas and all of the contributing drainage area is completely
stabilized to minimize the generation of sediments that can enter the pervious pave-
ment.

Post signs to alert users that the area has pervious pavement and that vehicles with
muddy tires should not enter.

Although snow and ice tends to melt more quickly on pervious pavement, it may still be
necessary to apply deicing compounds. Do not use sand or ash because they may
cause clogging of the pavement. Remember the potential for ground water pollution.

ARE ENTERING i
po;gﬂs PAVEMENT AREA

- AREA MUST BE KEPT CLEAN i
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Modular

Pavement

Description

Pavement consisting of strong structural
materials having regularly interspersed
void areas which are filled with pervious
materials such as sand, gravel, or sod. Generally used in low-volume traffic areas such as
the outer parts of a parking lots or in parking lots serving parks or recreational areas. Modu-
lar pavement systems vary considerably in configuration. Categories include:

1. Poured-in-place Concrete Slabs - Steel reinforced concrete slabs covering large
areas are poured in place with void areas in between. Suitable for heavy loads
and has maximum resistance to movement caused by frost heave or settling.

2. Precast Concrete Grids - Concrete paving units incorporating void areas. Types
include lattice pavers, which generally are flat and grid-like in surface configura-
tions, and castellated pavers, which show a higher percentage of grass surface
and have a more complex surface configuration characterized by crenels and
merlons that are exposed when pervious materials are added.

3. Modular Unit Pavers - Small pavers in various shapes which may be clay bricks,
granite sets, cast concrete, or even pervious concrete. These pavers are mono-
lithic units which do not have void areas but provide pervious void spaces in the
gaps between them.

4. GeoWeb - A geotextile material which is installed as a framework to provide struc-
tural strength, then filled with sand, and sodded to provide a completely grassed
parking area.

Lattice Unit Moduiar Wik

Pollutant Removal Mechanisms

e Percolation of rainfall and runoff through the voids into the underlying permeable
base and then into the soil.
e Filtration of rainfall and runoff by the vegetation that can grow in the voids.

Advantages

e Reduces site imperviousness thereby reducing stormwater volume and peak discharge
rate.

e Modular pavements reduce hydroplaning and skidding by up to 15%.

e Water puddles less on modular pavement since it moves rapidly into the underlying
permeable base and soils.
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Disadvantages

e The major disadvantage is the tendency for modular pavement void spaces to clog,
especially if not vegetated. Proper maintenance is essential to ensure long term
performance.

e Modular pavement may cost up to twice as much as conventional pavements. Some
of the additional cost can be recovered by the decreased need for stormwater pipes,
etc.

e Spills of gasoline or other potentially hazardous materials can lead to soil or ground
water contamination. Spills must be immediately vacuumed up with possible removal
and replacement of underlying soils.

e In areas with long duration rainfalls, such as the Pacific Northwest, anaerobic condi-
tions may develop in the underlying soils since the soils are unable to dry out between
storms. This can prevent aerobic bacteria from reducing organic pollutants. Addition-
ally, the wet subgrade soils may not support the design load.

e Can present a safety hazard to some users (i.e. women in high heeled shoes.

Operation, Maintenance, and Management Needs and Obligations

B Operation
Successful operation depends on maintaining the percolation rate of the void spaces and
the underlying base and soils. Keys to assuring long term performance are accurate
estimation of the soil's percolation rate, proper construction, and regular maintenance.
B Maintenance
Activities necessary to maintain the performance of modular pavements include:

e "Good housekeeping" practices by the users to minimize the production and trans-

port of particulates onto the modular pavement. This includes vegetative stabiliza-

tion of adjacent areas which may erode and become a source of sediments.

e Replacement of base and underlying soils if they become clogged and water
ponding persists.

e When turf is incorporated into the installation, normal turf maintenance, will be
necessary. However, mowing is seldom required in areas of frequent traffic and
fertilizers and pesticides should be used sparingly since they may adversely affect
concrete products and ground water.

B Management
All modular pavements should be inspected several times in the first few months after
construction to assure that they are working correctly and were installed properly. Inspec-

tions should be conducted after storms to check for long duration surface ponding that
may indicate local or widespread clogging.
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Recommendations to Assure Proper Operation, Maintenance, and Performance

1.

As with all infiltration practices, accurate estimation of the soil's percolation rate is essen-
tial.

Be sure turf block parking is appropriate for the setting and the primary users.

Construction recommendations:

Install all modular pavements following manufacturer's specifications. The require-
ment for skilled labor for laying modular pavement may be reduced if mechanical
vibrators are used for levelling uneven surfaces.

To preclude premature clogging and/or failure, modular pavements should not be placed
into service until the entire contributing surface drainage area has been completely
stabilized.

Clearly mark the planned area for modular pavement to prevent heavy equipment
from compacting the underlying soils.

Install diversions to keep runoff off the area until the modular pavement is in place.

Excavate the subgrade soil using equipment with tracks or oversized tires to minimize
compaction.

Be sure that the adjacent areas and all of the contributing drainage area is completely
stabilized to minimize the generation of sediments that can enter the modular pave
ment

Although snow and ice tends to melt more quickly on modular pavement, it may still be
necessary to apply deicing compounds. Do not use sand or ash because they may
cause clogging of the pavement. Remember the potential for ground water pollution.

. Geoweb fabric being installed
Turf block parking lot and filled with sand before sod
under construction. is added to create grass parking.
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Detention -

Practices

Description

A family of practices which "detain" runoff,
typically from a design storm, and then dis-
charge it, usually at the pre-development
peak discharge rate. Detention practices can be classified as dry detention, extended dry
detention, or wet detention systems.

Purpose

Traditionally, detention practices, especially dry detention, have been used only for flood
protection. They detain runoff and then discharge it at a specified rate supposedly reducing
the potential for downstream flooding by delaying the arrival of runoff from upper parts of a
watershed. More recently, detention system designs have been modified to also reduce
stormwater pollutants. For example, dry detention systems have been modified to extend the
detention time of runoff thereby increasing pollutant settling. Wet detention systems have
been modified to increase residence time and flow path, and to include shallow littoral zones
in which wetland plants grow.

Pollutant Removal Mechanisms

The primary "treatment” mechanism of all detention systems is settling or sedimentation.
However, the pollutant removal mechanisms vary depending on the type of detention system.
They will be discussed in the following BMP Fact sheets on dry detention, extended dry
detention, and wet detention systems.

Expected Stormwater Quantity and Quality Performance

All detention systems are highly effective in reducing peak discharge rates. Depending on
their design and their location within a watershed, they also may be effective in reducing
downstream channel erosion and downstream water elevations and flooding.

Stormwater treatment effectiveness depends on the type of detention system. In general,
they can be ranked, from least to most effective, in their ability to remove stormwater pollut-
ants: dry detention, extended dry detention, wet detention. Unlike dry detention systems,
wet detention provides mechanisms that promote the removal of dissolved stormwater pollut-
ants, not just particulate pollutants.

Since each type of detention system is so different, aspects of their use, operation,
maintenance, and management will be discussed separately in the following sections
on dry detention, extended dry detention, and wet detention.
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Dry Detention

Basin

Description

An area used to detain stormwater
for a relatively short period of time to
reduce downstream peak discharge
rates. The area should go dry be-
tween storms. This is the traditional
type of detention system used in "drainage" programs for many years to help provide flood
protection.

Pollutant Removal Mechanisms

Settling or sedimentation of larger, heavier particles is the primary mechanism. In some
systems, limited infiltration may occur.

Advantages

Since these systems are dry between storms, the land area can be used for low intensity
secondary uses such as recreation or sports.

Disadvantages

e Very poor stormwater treatment effectiveness.

e Often considered unattractive nuisances by residents.

e Poorly designed or maintained systems which do not go dry may become breeding
areas for mosquitoes.

Expected Stormwater Quantity and Quality Performance

Dry detention systems generally provide good attenuation of peak discharge rates. How-
ever, their pollutant removal effectiveness generally is very low, depending on detention time,
flow path, and frequency of sediment removal. Sedimentation of larger particles is the pri-
mary treatment in dry detention systems. Therefore, the small particles, to which the majority
of stormwater pollutants such as metals adhere, are discharged downstream. The ranges of
expected pollutant removal in dry detention systems are:

¢ Total Suspended Solids 20 to 60 percent e Total lead 20 to 60 percent

e Total Phosphorus 10 to 30 percent e Total Zinc 10 to 50 percent
¢ Total Nitrogen 10 to 20 percent e Total copper 10 to 40 percent
e COD 20 to 40 percent ¢ Bacteria 20 to 40 percent
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Limitations on Use

e Need fairly porous soils to assure that the bottom stays dry between storms.
¢ Not suitable in areas with high water tables or shallow depth to bedrock.
¢ Not suitable on fill sites or steep slopes.

Operation, Maintenance, and Management Needs and Obligations

B Operation

Successful operation depends on maintaining the storage volume, the discharge rate,
and, in many cases, the system's infiltration capability.

B Maintenance
Activities necessary to maintain the functioning of a dry detention system include:

e Frequent removal of accumulated solids, debris, and litter from the detention area,
especially from the low flow channel. Sediments should be removed when they are
dry and have cracked, separating from the bottom and vegetation.

e Removal of debris from the control device, especially if it has a small orifice.

e Mowing and removal of vegetation. The use of low growing, native grasses is
recommended to minimize mowing frequency and the need for irrigation and fertil-
izers, which should only be used when absolutely necessary.

e Vegetative stabilization of eroding sides or bottom.

B Management Needs and Obligations

Inspect monthly and after large storms to assure proper discharge, prevention of soggy
bottoms, assure healthy vegetative growth, and to monitor accumulation of sediments.

Recommendations to Assure Proper Operation, Maintenance, and Management

1.

Provide a system to allow stormwater to bypass the facility. This will allow maintenance to
be done faster, and during the rainy season if needed.

Design the dry detention system as an "off-line" facility.
The seasonal high water table and bedrock should be at least four feet beneath the bot-
tom of the system to minimize the potential for ground water contamination and to assure

that the bottom is dry.

Use a sediment forebay at all inflow points to trap sediments and allow for easy removal.
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5.

The length of the basin should be at least three times the width (preferably five times),
with the basin narrow at the inlet and wide at the outlet.

Side slopes should be at least 3:1 for safety and ease of mowing, although 4:1 slopes are
optimal.

The basin floor should be flat with a 2% slope toward the outlet.
Have an area on-site to hold sediments that are removed from the dry detention system.
The area should be capable of holding the sediments removed during a two year period.

Sizing of the disposal area should be based on the estimated annual sediment load trapped.

Provide dedicated access to the forebay and to all parts of the dry detention system for
maintenance equipment and vehicles.

Construction Recommendations:

o If the system will rely on infiltration to some extent, then follow the recommendations
for construction of infiltration practices.

e Make sure the embankment and discharge structure are installed properly, at the
correct elevations, and with proper compaction.

e Make sure that anti-seep collars are installed properly.
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A dry detention system with a discharge structure which is modified to extend the detention
time of runoff, typically up to 24 to 48 hours. The modified discharge may also include some
type of filtering device (i.e., gravel or sand envelope) to improve the removal of particulate
pollutants.

Extended dry detention systems may be designed as either on-line or off-line facilities. They
also may be designed as either a single-stage or two-stage basin. Single-stage basins nor-
mally are used only for flood control and are not recommended for stormwater treatment. A
two-stage basin detains runoff from small, frequent storms and the "first flush" from larger
storms in a lower second stage, with a normally dry upper stage for detention of larger storms
for flood control. To improve stormwater treatment the second stage can be designed and
managed as a shallow marsh.

Pollutant Removal Mechanisms

e Settling or sedimentation, especially of larger, heavier particles, is the primary mecha-
nism.

e Plant uptake and bacterial activity in two-stage systems with a shallow marsh.

e In some systems, limited infiltration may occur.

Advantages

Since many of these systems are dry between storms, the land area can be used for low
intensity secondary uses such as recreation or sports.

Disadvantages

Relatively low stormwater treatment effectiveness

May be less reliable in treating stormwater pollutants than other BMPs

Primarily remove particulate pollutants with little removal of dissolved pollutants.

Shallow depth can significantly warm the detained water, making use inappropriate

when discharge is to temperature sensitive receiving waters, such as a trout stream.

Often considered unattractive nuisances by residents.

e Poorly designed or maintained systems which do not go dry may become breeding
areas for mosquitoes.

e Discharge structure may clog easily, especially if a filtration system is used.

e Relatively frequent removal of accumulated sediments is needed to prevent resuspen-

sion and discharge and to maximize treatment effectiveness.
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Expected Stormwater Quantity and Quality Performance

Extended dry detention systems generally provide good attenuation of peak discharge rates
but do not reduce runoff volume. Pollutant removal effectiveness generally is low but can be
improved by design considerations such as making the system off-line, increasing the "treat-
ment volume", and increasing the detention time. The ranges of expected pollutant removal
in extended dry detention systems are:

e Total Suspended Solids 30 to 80 percent ¢ Total lead 20 to 70 percent

e Total Phosphorus 15 to 40 percent e Total Zinc 10 to 60 percent
e Total Nitrogen 10 to 40 percent e Total copper 10 to 50 percent
e COD 20 to 50 percent e Bacteria 20 to 60 percent

Limitations on Use

Require fairly porous soils to assure that the bottom stays dry between storms.

Not suitable in areas with high water tables or shallow depth to bedrock.

Not suitable on fill sites or steep slopes.

Requires elevation differential between inlet and outlet.

May not be suitable if receiving water is temperature sensitive, such as a trout stream.

Operation, Maintenance, and Management Needs and Obligations
B Operation

Successful operation depends on maintaining the storage volume, the discharge rate,
and, in many cases, the system's infiltration capability.

B Maintenance

Activities necessary to maintain the functioning of an extended dry detention system in-
clude:

e Frequent removal of accumulated solids, debris, and litter from the detention area,
especially the low flow channel if included. Sediments should be removed when
they are dry and have cracked, separating from the bottom and vegetation.

e Removal of debris from the control device since it typically will have a small orifice.

e Mowing and removal of vegetation. The use of low growing, native grasses is
recommended to minimize mowing frequency and the need for irrigation and fertil-
izers, which should only be used when absolutely necessary.

e \egetative stabilization of eroding sides or bottom.

e Management of aquatic plants if portions of the basin have been designed as a
constructed wetland.
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B Management Needs and Obligations

Inspect monthly and after large storms to assure proper discharge, prevention of soggy
bottoms, assure healthy vegetative growth, and to monitor accumulation of sediments.

Recommendations to Assure Proper Operation, Maintenance, and Management

1.

Include a system to allow stormwater to bypass the facility. This will allow maintenance to
be done faster, and during the rainy season if needed.

Design the extended dry detention system as an "off-line" facility.

The seasonal high water table and bedrock should be at least four feet beneath the bot-
tom of the system to minimize the potential for ground water contamination and to assure
that the bottom stays dry.

Use a sediment forebay at all inflow points to trap sediments and allow for easy removal.

The length of the basin should be at least three times the width (preferably five times),
with the basin narrow at the inlet and wide at the outlet.

Side slopes should be at least 3:1 for safety and ease of mowing, although 4:1 slopes are
optimal.

The basin floor should be flat with a 2% slope toward the outlet.

The discharge structure should incorporate mechanisms to promote filtering of stormwa-
ter pollutants but minimize the potential for clogging. Experience in Austin (TX), Denver
(CO), Washington, and Florida has found that a perforated riser pipe, wrapped in filter
fabric and surrounded by gravel (1" to 3" stone), can greatly reduce the potential for
orifice clogging. This design also increases the treatment effectiveness.

Have an area on-site to hold sediments that are removed. The area should be capable of
holding the sediments removed during a two year period. Sizing of the disposal area
should be based on the estimated annual sediment load trapped.

10.Provide dedicated access to the forebay and to all parts of the extended dry detention

system for maintenance equipment and vehicles.

11. Construction Recommendations:

o If the system will rely on infiltration to some extent, then follow the recommendations
for construction of infiltration practices.

e Make sure the embankment and discharge structure are installed properly, at the cor-
rect elevations, and with proper compaction.

e Make sure that anti-seep collars are installed properly.
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Description

A detention system with a permanent pool of water which is completely or partially displaced
by stormwater from the contributing drainage area. Water is temporarily stored before gradually
discharging it, typically at the predevelopment peak discharge rate. A wet detention system
is essentially a small lake with rooted wetland vegetation in the littoral zone.

Pollutant Removal Mechanisms

Settling or sedimentation.

Chemical flocculation which occurs when heavier sediment particles overtake and
coalesce with smaller, lighter particles to form still larger particles.

Dissolved stormwater pollutants are reduced by a variety of biological processes in-
cluding filtering, adsorption onto bottom sediments, uptake by aquatic plants including
algae, and metabolism by microorganisms inhabiting bottom sediments and aquatic
plants.

Removal of stormwater pollutants primarily occurs during the relatively long
guiescent period between storms.

Advantages

Relatively high level of flood control and stormwater treatment.

Can be used in areas with a high water table or poorly drained or percolating soils.
Excellent multiuse BMP which can provide ancillary benefits such as habitat, recre-
ational opportunities, high value aesthetics associated with "lake front" property, and
serving as a source of fill dirt often needed in areas with high water tables or flat
topography.

Relatively low maintenance requirements.

Can be used as sediment trap or basin during construction phase of a project.

Disadvantages
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May provide limited flood storage in areas with high water tables.

Safety and aesthetic problems if the pond, especially the littoral zone and discharge
structure, is not maintained properly.

Fairly land intensive, often two to five percent of contributing area.

Wet season may not be coincident with plant growing season.

May be regulated as a "wetland".

May be an attractant for children creating potential safety and liability issues.

May become fecal and nutrient source because of attracted waterfowl.



CHAPTER 2 Stormwater Management Practices
Expected Stormwater Quantity and Quality Performance

Wet detention systems provide very good flood control and stormwater treatment benefits.
Only infiltration practices provide better management of stormwater quantity and quality. The
permanent pool and wetland vegetation provide for a variety of pollutant removal mecha-
nisms which are highly effective in removing both particulate and dissolved stormwater con-
stituents. Treatment effectiveness of wet detention systems depends on a number of design
factors including the storage volume, detention time, permanent pool volume, volume ratio,
depth of permanent pool, elevation of control structure in relation to seasonal high water
table elevation, pond geometry, size and location of littoral zone, type and density of littoral
zone plants, and use of the "BMP Treatment Train" to incorporate pretreatment devices such
as sediment forebays and swale conveyances. The ranges of expected pollutant removal in
wet detention systems are:

e Total Suspended Solids 50 to 90 percent e Total lead 30 to 90 percent

e Total Phosphorus 30 to 80 percent e Total Zinc 30 to 90 percent
¢ Total Nitrogen 30 to 60 percent e Total copper 20 to 80 percent
e COD 30 to 70 percent e Bacteria 20 to 80 percent

Limitations on Use

¢ Not suitable on fill sites or near steep slopes.
May need supplemental water supply to maintain permanent pool if not dug into the
ground water.

e Minimum contributing drainage area of 8 to 10 acres is needed to maintain the perma-
nent pool.

¢ Infeasible in very dense urban areas or areas with high land costs.
May not be suitable if receiving water is temperature sensitive, such as a trout stream.

Operation, Maintenance, and Management Needs and Obligations
B Operation

Successful operation depends on good design, construction, and maintenance, espe-
cially of the discharge structure and littoral zone vegetation.

B Maintenance

Activities necessary to maintain the functioning of wet detention system can be broken
down into two categories: Routine and Corrective.

Specific routine maintenance activities include:

Grass mowing and removal from side slopes and the embankment.

Removal of trees, brush, and animal burrows from the embankment.

Vegetative cover stabilization to prevent erosion of side slopes and the embankment.
Removal and disposal of trash and debris, especially from inlet or outlet structures.
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Monitoring and periodic removal of nuisance species in the littoral zone.

Thinning and transplanting of thriving littoral zone plants as needed to maintain
good growth throughout the littoral zone.

Monitoring for mosquitoes and introduction of Gambusia or other natural predators
as needed.

Monitoring of sediment accumulations in forebays or in the pond bottom.
Monitoring of channel erosion in downstream conveyances.

Specific corrective maintenance activities include:

Pond dewatering and removal of accumulated sediments. The frequency will de-
pend on a variety of factors including use of pretreatment BMPs or forebays, con-
tributing drainage area, land use, sediment loading, etc. Yousef et. al. (1992) deter-
mined that the typical wet detention system in Florida needed sediment removal
every 10 to 15 years. A good rule of thumb is to remove sediments when 10 to 20%
of the system's storage volume has been lost.

Structural repairs to inlets, outlets, or discharge structure, including the emergency
spillway.

Repairs to the dam, embankment, or slopes to prevent erosion or piping.

Repairs to fences, if applicable.

Management Needs and Obligations

Inspect monthly and after large storms to assure proper discharge, monitor accumula-
tions of trash and debris, monitor sediment accumulations in forebays or inlets, deter-
mine mowing or vegetation removal needs, and determine health of littoral zone veg-
etation.

Monitor pond sediment accumulations annually. This can be done by coring, installa-
tion of a permanent measuring device such as a "yardstick", or even by mapping the
pond bathymetry in larger ponds.

Recommendations to Assure Proper Operation, Maintenance, and Management

1. The design should include a bottom bleeddown device, and preferably a system that
allows stormwater to bypass the facility. This will allow easy pond dewatering and facili-
tate maintenance.

2. Use the "BMP Treatment Train" concept such as swale conveyances and sediment fore-
bays, especially if the wet pond is going to be promoted as an aesthetic amenity for the
development.

3. To maximize removal of dissolved pollutants, pool storage hydraulic residence time should
be at least 2-3 weeks. This generally means that the pond will consume 3-7 percent of
the contribution drainage area depending on factors such as impervious area, rainfall
characteristics, water table elevation, etc.
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4.

The system should include shallow areas (less than 3 feet deep) and deep areas (more
than 8 feet). The shallow areas should be used for the littoral zone which provide habitat
for aquatic wetland vegetation and serves as a shallow bench along the shore, helping to
minimize the potential for drowning. Deep areas should make up 25-50 percent of the
pond and be located near inflow points. The maximum depth should be limited to a level
that minimizes the risk of thermal stratification. This helps to reduce short circuiting,
maintain aerobic bottom waters and sediments, and minimize the potential for ground
water contamination.

The littoral zone should cover at least 30% of the pond's surface area and slope gently
(6:1 or flatter) to a depth two feet below the control elevation. Ideally, the littoral zone and
its emergent wetland vegetation should extend around the entire perimeter of the pond
with an expanded littoral zone at the outlet area. A wide variety of native plants, espe-
cially those with attractive flowers, should be used as part of the "aquascaping” of the
system, helping to increase aesthetics. Unfortunately, experience has shown that many
residents will remove the beneficial aquatic plants adjacent to their lots because of con-
cerns about snakes and other "swamp critters”. This has led to the practice of concentrat-
ing the littoral zone near inflows and at the outlet. A better alternative is to educate
residents about the values - environmental, safety, and aesthetics - of the littoral zone
plants.

Pond geometry has a very strong influence on the effectiveness of wet detention systems.
Little or no pollutant removal occurs in dead storage areas where the inflow is bypassed
without mixing. To avoid this problem, the effective length to width ratio should be at least
3:1 and preferably 5:1. Additionally, the locations of inflows and the discharge structure
should minimize short circuiting and maximize the flow path.

Better performance can be expected by enlarging the surface area to gain volume as
opposed to deepening the pond.

Proper design, construction, and maintenance of the discharge structure and the dam or
embankment is critical, especially to minimize potential downstream damage from struc-
tural failure. In particular, the designer should:

e Avoid potential piping of water along the outside of the outlet conduits by using drain-
age seepage diaphragms, or by careful material selection and good compaction around
the conduit.

e Minimize the number of conduits through the embankment.

Ensure against leaky joints within the embankment.

e Not use thin-walled conduit through the embankment without a protective exterior
encasement.

e Provide a safety factor in outlet structure openings to account for debris collection.
Spillway and discharge structure entrances are natural locations for debris buildup.

Provide access to all parts of the system for equipment needed to conduct maintenance.
The maintenance right-of-way should be at least 20 feet wide, as should any fence gates.
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10. Construction recommendations:

Failure to properly construct the wet detention system, especially the embankment (dam)
and discharge structure, can lead to failure possibly resulting in downstream flooding, prop-
erty damage, and even personal injury. Experience has shown that problems in constructing
wet detention systems primarily are associated with the following:

A. Contractor error

Construction sequence or plans are not followed.
Concrete placement doesn't seal riser bottom.

Pipes are improperly placed or damaged while installed.
Separation of joints due to uneven settlement.
Connections are not water tight.

B. Improper use of soil materials.

e Overly pervious materials are used around pipes or in the dam resulting in piping
or failure.

e Top soil not spread or spread too thinly resulting in poor vegetative cover and
erosion.

C. Principal spillway materials are not water tight.
e Connecting bands and gaskets are from different manufacturers or are too narrow.
e Improper pipe placement - uneven grades, settlement, or poor alignment.
e Water movement through connections from saturated zone.
D. Availability of specified materials.
Rip rap sizes are unavailable.

e Materials not present when needed to insure timely construction during critical
periods.

Wet Detention Schematic
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To avoid the problems described above it is important to follow the construction sequence,
especially if the wet detention system is used as a sediment basin during construction. A
potential construction sequence is:

1.

oukhwnN

B ©o o~

Pre-construction meeting

e Stress importance of proper construction sequencing and implementation.
e Determine project phasing, especially of structures.

Install erosion and sediment controls.

Clear and grub site.

Strip and stock pile top soil

Excavate and backfill the core trench.

Install the principal spillway - pay special attention to compaction and installation of
anti-seep devices.

Construct the dam and emergency spillway.

Excavate pond.

Spread top soil.

0. Vegetatively stabilize all areas.
11.

If the wet detention system was used as a sediment basin, remove accumulated
sediments to restore required storage volume.

12. Plant the littoral zone.

Wet detention pond at the Fl. Dept. of Environmental Protection office in Tallahassee.
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Description

Biofiltration is a term used to describe the gener-
ally simultaneous processes of filtration, infiltra-
tion, adsorption, ion exchange, and biological
uptake of pollutants from runoff as it flows through
a vegetated stormwater management system.
Biofiltration practices include vegetated swales,
filter strips, and bioretention areas. Swales are
conveyances where the flow passes through veg- ™
etation at some specified depth. Filter strips are B —
broad surfaces which receive flow as a well dis- T
tributed thin sheet. Bioretention practices cap-
ture sheet flow from impervious surfaces and
treats it by infiltration, filtration, plant uptake, and microbial processes as the runoff flows
through native forest or landscaped areas.
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Purpose

Biofiltration practices are used primarily to reduce stormwater pollutants through natural veg-
etative processes, but they can also reduce stormwater volume if infiltration occurs.

Pollutant Removal Mechanisms

e Infiltration, ion exchange, and adsorption

e Settling

e Vegetative filtration and uptake

e Microbial action

e The degree to which the various pollutant removal mechanisms operate depends on
soil properties, condition and types of plants, depth, water velocity, slope, and resi-
dence time.

Advantages

e Can be incorporated into a site's landscaping and open space areas.

e Very effective at reducing oil, grease, and petroleum hydrocarbons.

e Excellent use as part of the "BMP Treatment Train".

e Can be aesthetically pleasing and enhance parking areas.
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Disadvantages

e Not useful by themselves for reducing stormwater quantity.

e Successful operation depends mainly on proper construction and maintenance, which
requires effective inspection and enforcement efforts.

e Except for swales, the treatment effectiveness of biofiltration practices is still largely
unknown.

e Too little is known about the treatment benefits of various plant species to make
sound recommendations on the types of plants to use in biofiltration practices. Still,
since filtering is the main function performed by the plants, the most important factor is
a uniform, dense growth of fine grasses or herbaceous wetland plants.

Expected Stormwater Quantity and Quality Performance

Biofiltration practices, especially swales and filter strips, and bioretention practices generally
provide minimum stormwater quantity benefits such as attenuation of peak discharge rates or
runoff volume. The extent of these benefits will depend largely on how much infiltration of
runoff occurs.

Stormwater pollutant removal by biofiltration systems will vary depending on a wide variety of
design factors, especially the amount of infiltration and the hydraulic residence time. In
general, biofiltration swales are very good at reducing particulate runoff pollutants such as
total suspended solids, turbidity, and the least soluble metals such as lead, iron, and zinc.
Materials which adhere to grass surfaces, such as oil and grease and total petroleum hydro-
carbons are also effectively removed. Removal of nutrients, especially nitrogen, and coliforms
are often inconsistent, with best removals seen for bioavailable phosphorus. Some authori-
ties believe that biofilters can achieve better nutrient reductions if vegetation is carefully
mowed and removed before it dies and releases assimilated nutrients but this hypothesis is
unproven. There is little information on the pollutant removal effectiveness of filter strips or
bioretention areas.

The ranges of expected pollutant removal in biofiltration swales are:

¢ Total Suspended Solids 50 to 85 percent ¢ Total lead 40 to 80 percent

e Total Phosphorus 20 to 40 percent e Total Zinc 30 to 80 percent
e Total Nitrogen 0 to 40 percent e Total copper 30 to 60 percent
e COD 10 to 40 percent e Bacteria 10 to 60 percent

Limitations on Use

e Can not be used where the contributing drainage area exceeds a few acres because
of the excessive surface area needed to produce sufficient residence time. The maxi-
mum drainage area depends on its specific characteristics (i.e., land use, % impervi-
ousness, etc.).

e Should not be used for erosion and sediment control during construction nor where
the post-development sediment loading will be high.

¢ Need fairly porous soils to promote infiltration.
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Not suitable on steep slopes or where there is shallow depth to bedrock.

May be limited to areas where summer irrigation is feasible.

Generally not suitable in areas with high water tables, although "wet swales" with
wetland plants have worked well in Florida.

Operation, Maintenance, and Management Needs and Obligations

B Operation

Successful operation depends on proper design, especially estimation of hydraulic resi-
dence times and infiltration rates, proper construction and regular maintenance.

B Maintenance

Activities necessary to maintain the functioning of biofiltration practices include:
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A key O&M need of biofilters is vegetation removal to maintain adequate hydraulic
functioning. Biofilter turf grass height should not exceed 6 inches nor be less than
2 inches. Excessively long grass can flatten when water flows over it, preventing
sedimentation. Additionally, if not removed, decaying vegetation could release
captured nutrients and other pollutants.

Frequent removal of accumulated solids, debris, and litter. Sediments should be
removed when they reach 20% of the design depth in any spot, cover or hinder the
growth of vegetation, or otherwise interfere with operation. Maintenance workers
should give special attention to sediment accumulation in the upper portion of
swales after major storm events. Sediment and large debris should be removed
from biofilters at least twice annually and more frequently, if needed.

Vegetative stabilization of eroding sides or bottom, or of bare areas created when
removing sediments. Fertilizer use should be minimized. Vegetation should be
maintained and replanted early enough in the growing season so that it is well
established before the rainy season or before the prime growing period ends.

If swale blocks are used to promote infiltration or sedimentation, special attention
needs to be paid to their maintenance. Sediments need to be carefully removed
without damaging the swale block or its associated vegetation.

If curb cuts are used as inflows to biofilters, sediments and vegetation growths
should be removed from the curb cut when they begin to interfere with inflow.

Roadside shoulder scraping and ditch cleaning should be based on hydraulic ne-
cessity, not simply a timed schedule. When these operations are performed, only
the amount of sediment to restore hydraulic capacity should be removed. More
importantly, the shoulder and swale should be revegetated immediately to mini-
mize erosion and restore treatment effectiveness. Operations should be done in
the dry season.
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e Implement education programs for residents near biofiltration practices, such as
residents within subdivisions with swales, to teach them about their purpose, so-
licit their help in maintenance, and minimize use of swales as debris or trash de-
positories.

B Management Needs and Obligations

e Inspect semiannually and, when possible, after large storms to assure proper flow,
vegetative growth, and to monitor accumulation of sediments, trash, and debris.

e Institutionally, a stormwater program which allows the use of biofiltration practices
must have an inspection and enforcement program to assure that maintenance
occurs. Public education programs also are highly recommended.

Recommendations to Assure Proper Operation, Maintenance, and Management

1.

For dry systems, the seasonal high water table and bedrock should be at least four feet
beneath the bottom of the system to minimize the potential for ground water contamina-
tion and to assure that the bottom is dry.

To provide proper flood control, biofilters must be combined with more traditional prac-
tices such as detention. Biofilters can either be designed as on-line components of a
BMP Treatment Train or as an off-line stormwater treatment component of the overall
stormwater management system. Off-line systems are preferable because the detention
element can meter flow into the biofilter up to the design storm intended to receive treat-
ment and protect the biofilter from high flows.

The design of biofilters, especially swales and filter strips, will depend largely on the
rainfall, topographic, and land cover characteristics of the site. These will determine the
"treatment volume" and greatly influence the location and use of biofilters, along with
other design considerations such as their residence time. The specific length of a biofilter
will depend largely on the residence time and the associated length and width.

It is essential that flow through biofilter systems be uniform sheet flow (filter strips) or flow
of minimal depth below the vegetation height (swales). This will maximize contact with
the vegetation and microbes which promote treatment. This requires a flat bottom to
minimize any potential for channelized flow.

Use a flow-spreading device and/or energy dissipation device at the inlet to minimize
erosion and maximize uniform distribution of flow.

Maximum design velocity should not exceed 1.5 to 3.0 feet per second to prevent erosion
and maximize treatment capability.

Slopes of biofilters should be between 2 and 4 percent. Underdrains may be needed if

slopes are less than 2 percent and a dry system is desired. Swale blocks should be used
when slopes exceed 4 percent.
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8.

Water depth should be no greater than one half the height of the vegetation up to a
maximum of 5 inches. ldeally, the water depth should not exceed 2 inches.

Biofilters should be situated along natural drainage routes and contours whenever fea-
sible. Designers can reduce the risk of channelized flow and erosion by not forcing runoff
to flow in unnatural directions.

10.Biofilter designers must investigate the climate and microclimate of the site in order to

11.

choose optimal varieties of vegetation. Grasses are the superior choice of vegetation
because they are resilient, provide abundant surface area, and can sprout through thin
deposits of sand and sediment. Grasses that are stiffer, denser, and have greater leaf
surface areas are preferable. If water tables are high, a "wet swale" should be designed
using appropriate wetland plants.

In regions that experience extended dry periods, selecting drought-tolerant plant species
or constructing biofilters in locations where soils remain moist during dry periods can
reduce irrigation needs.

12.Avoid heavy and prolonged shading of biofilters by adjusting placement relative to build-

ings and trees.

13. Construction recommendations.

prevent erosion of biofiltration
swale during establishment of

e Since most biofilters rely upon infiltration, follow construction recommendations for
"Infiltration practices". The key is to minimize compaction of the soil and the resulting
reduction of the infiltration rate of the soil.

e Do not place biofilters into operation until the contributing drainage area is completely
stabilized.

e |If possible, divert runoff during the period of vegetation establishment. If this is not
possible, sodding should be used whenever possible, especially if significant runoff

could occur before vegetation establishment. Other methods of minimizing erosion in
flowing channels includes the use of "erosion mats" combined with seed.

Erosion matting is used to

its vegetative cover.
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Constructed

Wetlands

Description

A runoff storage and treatment area con-
structed in uplands which is vegetated
with aquatic macrophyte plants native
to the area. These systems attempt to
incorporate properties of natural wet-
lands such as shallow, sheet flow
through dense, diverse assemblage of
wetland plants which also serve as habi-
tat for microorganisms. There are nu-
merous configurations for constructed
wetlands. They range from shallow
marshes, to the littoral zones of wet de-
tention systems, to a combination ex-
tended detention and marsh system.

Purpose

Stormwater Management Practices

CONSTRUGTED
WETLAND TYPES DIAGRAM
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Constructed wetlands are being used to remove stormwater pollutants through the natural
processes that occur within these ecosystems.

Pollutant Removal Mechanisms

Removal of stormwater pollutants primarily occurs during the relatively long

Can be used in areas with high water table or poorly drained or percolating soils.
Can be used in areas with highly pervious soils if a liner is used to minimize infiltration.

e Settling or sedimentation.

e Adsorption to sediments, vegetation, or detritus

e Filtration by plants.

e Microbial uptake and/or transformations.

e Uptake by wetland plants or algae.

e Extended detention.

[ ]

guiescent period between storms.

Advantages

[ ]

[ ]

e Can remove dissolved pollutants.

[ ]

Can be aesthetically pleasing and provide wildlife habitat.
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Disadvantages

e In many parts of the country, especially in the western states, wetland vegetation is
dormant during the rainy season. However, since plant uptake is only a minor mecha-
nism in removal of most pollutants, a standing crop of vegetation can still provide
filtration and an area for surface removal processes.

e Provide limited flood storage and attenuation.

Shallow depth may significantly warm the detained water, making use inappropriate
when discharge is to temperature sensitive receiving waters, such as a trout stream.
However, monitoring in Delaware shows that shallow, well vegetated systems have
water temperatures much lower than unvegetated systems.

e Fairly land intensive.

Possible mosquito problems associated with dense, emergent wetland vegetation.

e May be regulated as a "wetland" unless continuously operated and maintained as a
treatment system.

e Can become either a nutrient or fecal "source”, depending on wildlife use and popula-
tions and vegetation management.

Expected Stormwater Quantity and Quality Performance

Constructed wetlands are used primarily to remove pollutants from runoff and typically are
not used by themselves to attenuate stormwater peak discharge rates or volumes. Con-
structed wetlands should still be considered an experimental stormwater treatment BMP as
too little is known about their long-term treatment effectiveness or maintenance requirements.
They have been used in numerous locations around the country with varying success. Treat-
ment effectiveness will depend on a number of design considerations including the treatment
volume, surface area to volume ratio, length and type of flow path, plant types and densities,
plant growing season in relation to rainy season, deep water pools, and use of the BMP
Treatment Train by incorporating pretreatment devices such as sediment forebays and swale
conveyances. The ranges of expected pollutant removal of constructed wetland systems are
(median values for the relatively soluble pollutants like phosphorus, nitrogen, copper, and
zinc are likely to be in the lower part of these ranges) :

eTotal Suspended Solids 60 to 90 percent eTotal lead 50 to 90 percent

eTotal Phosphorus 30 to 85 percent eTotal Zinc 30 to 90 percent
eTotal Nitrogen 30 to 80 percent eTotal copper 20 to 80 percent
«COD 10 to 50 percent eBacteria 20 to 80 percent

Limitations on Use

¢ Not suitable on fill sites or near steep slopes.

e May need supplemental water supply to maintain base flow if not dug into the ground
water.

e Unless excavated into the water table, the minimum contributing drainage area needed
to maintain base flow will need to be determined. This will vary depending on rainfall
and watershed characteristics.

e Overgrowth of aquatic plants can lead to reduced hydraulic capacity.

¢ Infeasible in very dense urban areas or areas with high land costs.
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Operation, Maintenance, and Management Needs and Obligations

B Operation

Successful operation depends on good design, construction, and maintenance, espe-
cially of the sediment forebays, wetland vegetation, and the discharge structure.

B Maintenance

Activities necessary to maintain the long term functioning of a constructed wetland sys-
tem are still relatively unknown. As a minimum, the following actions will be needed:

Grass mowing and removal from side slopes and the embankment.
Removal of trees, brush, and animal burrows from the embankment.

Vegetative cover stabilization to prevent erosion of side slopes and the embank-
ment.

Removal and disposal of trash and debris, especially from inlet or outlet structures.

Monitoring and periodic removal of nuisance plant and animal species as specified
in a written procedure prepared by a wetland scientist.

Thinning and transplanting of thriving wetland plants as needed to maintain good
growth throughout the constructed wetland. Again, this should be done in accor-
dance with a written procedure prepared by a wetland plant scientist.

Monitoring for mosquitoes and introduction of Gambusia or other natural predators
as needed.

Monitoring and removal of sediment accumulations in forebays or within the con-
structed wetland.

B Management Needs and Obligations

Inspect quarterly and after large storms to assure proper discharge, monitor accu-
mulations of trash and debris, monitor sediment accumulations in forebays or in-
lets, determine mowing or vegetation removal needs, and determine health of wet-
land vegetation.

Closely monitor the wetland plant community, both during the growing season and,
if needed, during the dry season, to assure healthy growth of desired plants. Re-
move exotic or nuisance species as soon as they appear to limit their establish-
ment and areal extent. Thin or transplant plants from areas where they are grow-
ing densely and use them to further establishment or growth in areas with less
vigorous plant growth.
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e Monitor sediment accumulations in forebays semiannually. Sediments should be
removed when 25% of the storage volume of the forebay has been lost.

Recommendations to Assure Proper Operation, Maintenance, and Management

1.

The design should include a bottom bleeddown device, and preferably a system that
allows stormwater to bypass the facility. This will allow easy dewatering of the wetland
and facilitate maintenance.

Use the "BMP Treatment Train" concept such as swale conveyances and sediment fore-
bays to minimize sedimentation in the wetland. There are several rules of thumb for
sizing and designing the sediment forebay. These should be reviewed and those which
are relevant to the conditions at the site should be followed. For example, Delaware's
stormwater program requires the forebay to be sized to hold 10% of the total basin vol-
ume with a maximum depth of four feet.

Follow locally applicable design guidelines which take into account local rainfall condi-
tions, hydrology, and plant characteristics. Specific design guidelines for constructed
stormwater wetlands have been developed by several state stormwater management pro-
grams including Maryland, Delaware, Florida, California, and Puget Sound. These de-
sign guidelines can be used as a starting point for the development of state, regional, or
locally specific guidelines. It is important to keep the design simple and buildable without
extensive supervision. Since the highest level of functioning for stormwater management
requires some degree of structural complexity, however, designers and botanists should
plan to be in the field to interpret the plans for construction staff.

Minimize short circuiting by maximizing the distance from the inlet to the outlet with a
minimum length to width ratio of 3:1, preferably 5:1. Baffles, islands, and peninsulas can
be used to increase the flow path.

The designer needs a good understanding of the local hydrology at the site proposed for
a constructed wetland. The ground water table should be at or near the surface, or soil of
low permeability should underlay the site. If excessive seepage is a concern, impervious
liners can be used. Liners can be geotextiles or 4 to 6 inches of silt loam, clay loam, or
organic muck. Experience has shown that most soils in Hydrologic Soil Groups B, C, and
D will eventually seal themselves.

Soils must be suitable for wetland plant growth and for adsorption, especially if high re-
moval levels of phosphorus or many metals are desired. Neutral soil pH (6 to 8) is best for
supporting microorganisms, insects, and other aquatic animals, and is also best for se-
guestering pollutants in the sediments. Soils with fairly high levels of aluminum or iron
are best for adsorption. Medium to fine textured soils, such as loams and silt loams, are
optimal for establishing plants and capturing pollutants. A relatively high content of highly
decomposed organics ("muck”) is favorable for plant and microorganism growth and the
adsorption of metals and other organic pollutants.

Selection of the plants needs to be done by a wetland scientist. The selection will be
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based on climate, hydroperiod of the wetland, sensitivity to pollution, and aesthetic ap-
peal. A well planned wetland will include a diverse mixture of floating, emergent, and
submergent plants. The following guidelines for selection of wetland plants are offered:

e Base selections more on the prospects for successful establishment than on specific
pollutant uptake capabilities. Plant uptake is a significant mechanism only for nutri-
ents, which may be released upon the plants' death. Chemical and microbial pro-
cesses remove more nutrients than plant uptake.

e Match the environmental requirements of plant selections to the conditions to be of-
fered by the site. Consider especially the hydroperiod, light requirements, climate,
sensitivity to probable pollutants, and aesthetic appeal. Also consider effects from
wind, waves, and water currents.

e Select species that are adapted to the broadest possible ranges of depth, frequency,
and duration of inundation (hydroperiod). Careful selection is especially important
when runoff quantity control is an objective because water depths will be periodically
greater than those that normally occur in natural wetlands.

e Select native species to ease establishment and minimize maintenance. Include
some plants that are strong colonizers but avoid exotic species and those native spe-
cies that are aggressive invaders which crowd out more desirable species.

e Use a minimal number of species for each depth zone. Diversification will occur natu-
rally. One planting recommendations is to use three species per depth zone.

e Select mostly perennial species.
e The establishment of herbaceous plants should precede that of woody species.

e Give priority to species that have been used successfully in constructed wetlands in the
past and to species that are commercially available. Use of plants propagated at wetland
plant nurseries will minimize pressure to remove plants from natural wetlands.

7. Experience has shown that wetland plants typically will establish themselves naturally in shal-
low wet ponds, regardless of soil conditions. However, it has become increasingly clear that
plant communities develop best when soils harbor substantial vegetative roots, rhizomes, and
seed banks. Hydric soils containing vegetative plant material are known as "wetland mulch."
Use of this mulch greatly enhances plant community diversity and speeds establishment.
However, the content of the mulch is unpredictable and donor sites are limited. A risk of using
wetland mulch is the possible presence of exotic, opportunistic species that will displace more
desirable natives. Therefore, use of mulch likely to harbor such species should be avoided.
Potential sources of wetland soils include (a) spoils from maintenance of highway ditches,
swales, and stormwater ponds; (b) spoils from dredging; and, (c) soils removed from natural
wetlands that are going to be filled under permit (although these soils are best used for miti-
gating the loss). Itis recommended that the upper 6 inches of donor soils be obtained at the
end of the growing season, if possible.
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8. While wetland plants will establish themselves naturally in shallow wet ponds, experience
has shown that constructed wetlands are best established by planting. This helps to
minimize colonization by undesirable invader species. It is recommended that at least
half of the marsh area be planted at a constant density. The design guidelines for con-
structed wetlands prepared by the state stormwater programs listed above can provide a
general introduction to planting densities and strategies. Planting of wetland vegetation
in stormwater systems, whether a constructed wetland or the littoral zone of a wet deten-
tion system, can provide an excellent public education opportunity, especially for school
children.

9. Construction recommendations
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Involve a wetland plant specialist in the system's design and construction.
Implement good erosion and sediment controls to minimize sediment loading deliv-
ered to the constructed wetland. If necessary, divert flows to a sediment basin or other
stormwater system during the construction phase until the contributing drainage area
is stabilized.

Schedule construction so that wetland plants can be planted during the growing sea-
son, preferably the beginning of it.

The landscaping plan should be finalized after the wetland has been constructed to
confirm soil, moisture, and inundation conditions.

Order wetland plants from the nursery three to six months before the time planned for
installation to ensure they will be available.

Install control structures and embankment following wet detention guidelines.
Grade the wetland to an interim elevation slightly deeper than desired final elevation.

Add a 3 to 6 inch layer of soil amendments or wetland mulch, and spread out over the
entire wetland area.

Stabilize side slopes and allow the wetland to fill until the desired planting time.

Once wetland plants are delivered to the site, be sure that they are frequently watered
and well-shaded to minimize plant loss.

If necessary, drain the wetland to a depth that facilitates planting (3 to 12 inches).
Remove plants from their containers and loosen up their root/soil ball before planting.
A supplemental planting should be scheduled, typically at the beginning of the second

growing season, to reinforce plant establishment and obtain the desired plant cover-
age and density.
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Stormwater

Filters

‘ Schematic

Description

A family of stormwater treatment practices which typically consist of a storage BMP in con-
junction with a filtering device. The most common filter media is sand, but filters have been
made of peat/sand mixtures and even from leaf compost. Filters can be categorized as
either "unconfined" or "confined" systems. A side bank underdrain filter within a wet deten-
tion system is an example of an unconfined filter - the sand/gravel filter media and underdrain
pipes are built into the side banks of the wet pond. Alternatively, the filter media in a confined
filter is contained within some type of structure, often a concrete vault. Examples include
vertical volume recovery filters, the Austin sand filter, and the Delaware sand filter.

Purpose

Stormwater filters are used solely to remove certain pollutants, primarily particulates, from
runoff. They must be used in combination with other BMPs to provide flood protection.

Pollutant Removal Mechanisms

e Settling or sedimentation.
e Filtration by sand or other filter media.
e Microbial uptake and/or transformations.

Advantages

e Can be used in urban areas and on highly impervious sites.
Can be used at sites with high water tables but which have too small of a contributing
drainage area for use of wet detention systems.

e May be very cost effective, especially the Delaware sand filter design where the con-
crete boxes are now being prefabricated in sections.

Disadvantages

e Very maintenance intensive. Filter media may need cleaning or even replacement
several times a year, although this depends on a number of factors. However, this
level of maintenance can be reduced by controlling erosion and otherwise restricting
sediment loadings.

¢ Provide limited flood storage and attenuation.
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Expected Stormwater Quantity and Quality Performance

Stormwater filter systems are used primarily to remove particulate pollutants from runoff and
typically are not used by themselves to attenuate stormwater peak discharge rates or vol-
umes. Treatment effectiveness will depend on a number of design considerations including
the treatment volume, whether the system is on-line or off-line, whether it is a confined or
unconfined filter, the type of land use, and whether pretreatment is provided by use of the
BMP Treatment Train. Studies of the effectiveness of stormwater filter systems have varied
greatly. In a study of a wet detention pond with an unconfined side bank filter, Harper and
Herr (1993) concluded that most of the treatment occurred in the wet pond, with the filter
enhancing removal of only total nitrogen, TSS, and total zinc. Field research in Austin, Texas
(Chang et.al., 1990) indicates that their sedimentation/filtration systems remove 70 to 90% of
the suspended solids, but only 20 to 85% of the metals, 20 to 40% of the nitrogen, and 50 to
65% of the phosphorus. Two recent studies of the Delaware sand filter design (Horner, 1995
and Bell, 1996) found these designs to be effective and fairly easy to maintain, at least for
filter systems. These filters removed 80 to 90% of the total suspended solids, 40 to 60% of
the total nitrogen, 40 to 75% of the total phosphorus, and 30 to 90% of the total zinc. The
ranges of expected pollutant removal of stormwater filter systems are:

¢ Total Suspended Solids 60 to 85 percent e Total lead 50 to 80 percent

e Total Phosphorus 30 to 75 percent e Total Zinc 30 to 80 percent
¢ Total Nitrogen 30 to 60 percent e Total copper 30 to 60 percent
e COD 30 to 75 percent e Bacteria 40 to 80 percent

Limitations on Use

¢ Not suitable on fill sites or near steep slopes.
e Only use at sites with a full time maintenance entity.

Operation, Maintenance, and Management Needs and Obligations
B Operation
Successful operation depends on good design, construction, and most importantly, on
regular maintenance, especially of the filter media. With stormwater filters, the question
is not whether the filter will clog, but when.

B Maintenance

Activities necessary to maintain the long term functioning of stormwater filtrations sys-
tems include:

e Grass mowing and removal from side slopes and the embankment.
e Removal of trees, brush, and animal burrows from the embankment.

e \egetative cover stabilization to prevent erosion of side slopes and the embankment.
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Removal and disposal of trash and debris, especially from inlet or outlet structures.

Removal of sediments and other materials that accumulate in pretreatment prac-
tices, such as sediment traps or forebays.

Periodic scraping and aeration of the filter media, with partial removal.

Complete replacement of the filter media.

B Management Needs and Obligations

Inspect monthly and after large storms to assure proper discharge, monitor accu-
mulations of trash and debris, monitor sediment accumulations in forebays or in-
lets, determine mowing or vegetation removal needs, and determine whether the
filter media is clogging.

Closely monitor clogging of the filter media to determine when maintenance is
needed. There are two approaches to filter media maintenance. Most of the storm-
water programs which have created design criteria for filters require eighteen inches
to two feet of filter media. This allows the filter to be periodically scraped to remove
an inch or two of filter media until only one foot is left. The coloration of the sand
will provide a good indication of what depth of removal is required. Then additional
filter media is added to restore the original two feet of filter material. Alternatively,
especially for unconfined filters, the filter media is completely replaced when the
time required to recover the stormwater treatment volume decreases to one-half of
the design time.

Monitor sediment accumulations in sediment traps or forebays semiannually. Sedi-
ments should be removed when 25% of the storage volume has been lost.

Since filters often are used on highly impervious sites with potentially high loading
of heavy metals and petroleum hydrocarbons, it is recommended that the filter
media be analyzed periodically. This can help to prevent the accumulation of
these materials in concentrations that may cause the filter media to be considered
a hazardous waste. For example, Horner and Horner (1995) reported that within
seven months of use, the levels of total petroleum hydrocarbons in a Delaware
Sand Filter at a Seattle barge terminal exceeded Washington's Model Toxics Con-
trol Act hazardous waste threshold of 200 mg/kg by two orders of magnitude.

Recommendations to Assure Proper Operation, Maintenance, and Management

1. Use the "BMP Treatment Train" concept such as swale conveyances and sediment fore-
bays to minimize sedimentation loadings and reduce oils, greases, and other petroleum
hydrocarbons. There are several rules of thumb for sizing and designing the sediment
forebay or the presettling basin/chamber for the Delaware Sand Filter (DSF). These
should be reviewed and those which are relevant to the conditions at the site should be
followed. For example, Alexandria's (VA) program recommends that the presettling basin/
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chamber for the DSF on highly impervious sites contain a minimum of 20% of the stormwater
treatment volume but that the entire volume be contained by this chamber on sites with
pervious surfaces.

2. Use confined filters which are constructed as "off-line" stormwater treatment systems and
which are designed to let stormwater bypass the filter during maintenance.

3. Carefully select the filter media to assure that it meets the specifications established by
the stormwater program. Neutral soil pH (6 to 8) is best for supporting microorganisms
and is also best for sequestering pollutants in the sediments. Soils with fairly high levels
of aluminum or iron are best for adsorption and will help to increase removal of phospho-
rus and some metals.

4. Balance the hydrologic efficiency of the filter media with its pollutant removal effective-
ness. While coarse sands will pass stormwater quickly, few pollutants are removed.

5. Unconfined, mound filters which are sodded provide a relatively low maintenance filter
system and provide higher levels of treatment than do sand filters without vegetation.

6. Construction recommendations:

e For confined filters, do not allow inflow of runoff until construction on site is completed
and all soil surfaces in the contributing drainage area are completely stabilized with
vegetation.

¢ |f detention ponds with unconfined sidebank filters are used for erosion and sediment
control, the filter media should be completely replaced once construction is completed
and all soil surfaces in the contributing drainage area are completely stabilized with
vegetation.

e Side bank filters should contain clean out ports, spaced every 50 feet, to allow
underdrain pipes to be cleaned.
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e Filter media should be checked to assure that it meets all specifications, especially
grain size and uniformity coefficient.

e Filter underdrain pipes should be carefully placed on a bed of gravel which has been
compacted properly, thereby reducing the potential for soil piping and settling prob-
lems. Pipes must have proper slope as specified in the design plans.

e For the Delaware Sand Filter design, it is essential that:

* The top of the sand filter is completely level.

* The inverts of the notches, orifices, or weirs dividing the sedimentation chamber
from the filter chamber are completely level.

» If precast concrete lids are used, lifting rings or threaded sockets must be provided
to allow easy removal with lifting equipment which must be readily available to
maintenance crews.

* Where underdrains are used, the minimum slope of the pipe needs to be 0.5%.

ey
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Delaware sand filter being installed in Alexandria, Virginia.
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Chapter 3

Planning and Design Considerations

design \di-zine\ vb 1:to conceive
and plan out in the mind  2: to
devise for a specific function or end
3: to conceive and draw the plans for

- Merriam-Webster Dictionary

1. OVERVIEW

The above definition of the word “design” suc-
cinctly describes both the scope and se-
guence of activities typically undertaken by
the designer of a stormwater management
facility. Having identified a stormwater prob-
lem or need that can best be solved through
the construction of a facility, the designer will
then select the most appropriate type, con-
ceptualize its function and operation, and de-
termine the specific characteristics necessary
for the facility or practice to achieve its de-
sired performance. Having completed this,
the designer must then transform these char-
acteristics into a physical entity. This is done
through the development of detailed construc-
tion plans and specifications, which are used
to construct the facility in the field.

Throughout the entire endeavor, the storm-
water system designer must, of course, fulfill
certain technical responsibilities if the system
is to comply with the standards and require-
ments of the community’s overall stormwater
management program. To do so, the designer
must be familiar with these program require-
ments as well as the technical data, equa-
tions, and analytic techniques commonly used
to meet them. However, if stormwater man-
agement is to grow beyond its traditional con-
cerns for stormwater quantity to also address
stormwater quality and nonpoint source (NPS)
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pollution, such technical compliance is not
enough.

Instead, the designer must also recognize
his or her unique responsibilities to the
people who will inspect and maintain the
facility once construction is completed.
For it is through such recognition that the de-
signer can help ensure both the overall suc-
cess of the community’s stormwater manage-
ment program and the quality of life of the
people that will live, work, or travel past the
facility they are creating. It is only by fulfilling
these larger design responsibilities that storm-
water management will be able to achieve and
sustain the public support and participation it
needs to effectively address the complex prob-
lems demanded of it. A description of each
of these design responsibilities is pre-
sented below, with particular emphasis on
minimizing and facilitating stormwater
management facility maintenance. Sugges-
tions for meeting these responsibilities are
also presented, including specific recommen-
dations and design guidelines for various
types of stormwater management practices.

1.1. Objectives

To advance the handbook’s overall goal of ef-
fective and efficient stormwater management
system operation, maintenance, and manage-
ment, the objectives of this Chapter will be:

B To describe maintenance needs and com-
mon maintenance problems of various
types of stormwater management prac-
tices, facilities, and systems.
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B To demonstrate the direct link between
many of these needs and problems and
the decisions and actions of facility plan-
ners and designers.

B To emphasize the ability of comprehensive
and enlightened planning, design, and re-
view practices to minimize and facilitate
stormwater management facility mainte-
nance.

B To illustrate the long-term cost-effective-
ness of such practices during a facility’s
planning, design, and review stages.

B To encourage facility planners, designers,
and reviewers to regard facility mainte-
nance as equal in importance to a pro-
posed facility’s hydrologic, hydraulic, struc-
tural, biologic, and aesthetic aspects.

B To present planning and design guidelines
for specific types of stormwater manage-
ment facilities and practices that minimize
and facilitate post-construction mainte-
nance.

1.2. Intended Readers
This chapter is intended primarily for the fol-
lowing readers:

B Stormwater management facility plan-
ners and designers.

B Project design and permit application
reviewers and supervisors.

In addition, stormwater management facility
owners (both present and future) can gain
valuable insight into the planning and design
process. This can help in the selection of a
competent designer of a proposed facility and
in the development of an adequate project de-
sign budget. Finally, construction managers,
inspectors, and contractors can develop a
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greater appreciation of the overall planning
and design effort and the need to follow the
resulting design plans and specifications as
closely as possible. Such understanding can
also promote a greater exchange of informa-
tion and ideas between designers and con-
structors, thereby enhancing the activities of
both.

2. STORMWATER MANAGEMENT
PRACTICES AND COMPONENTS

As noted in Chapter 2, the field of stormwater
management has grown considerably in the
last two decades. One of the less fortunate
products of this growth has been a long and
sometimes conflicting list of names for the fa-
cilities (systems) and practices produced by
planners and designers. Therefore, to mini-
mize confusion, increase effectiveness, and
illustrate their different maintenance problems
and needs, the following definitions have been
adopted for use in this Chapter and through-
out the entire handbook:

2.1. Detention Practice:

A stormwater management facility that tem-
porarily impounds runoff and discharges it
through an outlet structure. Any additional
outflow through infiltration or evaporation is
negligible and, therefore, not ordinarily con-
sidered in the detention system’s design.
Detention facilities may vary by the duration
of time that they store runoff and, therefore,
are further subdivided into the following three
subcategories:

A. Dry Detention Facilities detain runoff
for a relatively short time (e.g., 2 to 6 hours)
and, as such, are normally used for ero-
sion and/or flood control purposes. In ad-
dition, all detained runoff is released fol-
lowing the storm event and the facility is
normally dry during inter-storm periods.
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B. Extended Dry Detention Facilities
detain runoff for much longer time periods
(e.g., 18 to 48 hours) than dry detention
facilities and, as such, also provide runoff
quality benefits. Similar to dry detention
facilities, they release all detained runoff
through an outlet structure and are ex-
pected to be dry during inter-storm peri-
ods.

C. Wet Detention Facilities also release
runoff through an outlet structure. How-
ever, some runoff is retained permanently
in a pool, pond, or lake during inter-storm
periods. This permanent pool provides
greater water quality benefits through in-
creased sedimentation, flocculation, and
biological activity.

2.2. Infiltration Practice:

A stormwater management system that tem-
porarily impounds runoff and discharges it
through infiltration through the surrounding
soil. Additional discharge may occur through
evapotranspiration. Similar to dry and ex-
tended dry detention facilities, an infiltration
facility is expected to completely drain and be
dry during inter-storm periods. Typical infil-
tration practices includes infiltration basins,
swales, drywells, and seepage pits.

2.3. Filtration Practice:

A stormwater management system that filters
runoff through selected inorganic or relatively
inert media to remove pollutants. Since filtra-
tion practices do not normally provide runoff
guantity benefits, they are often used in com-
bination with detention systems as pretreat-
ment facilities. Typical filter media include
sand, compost, gravel and other materials.

2.4. Biofiltration Practice:

A stormwater management practice that fil-
ters runoff through dense vegetation or other
organic, biologically active media to remove

Planning and Design Considerations

pollutants. The organic nature of the under-
lying soils also promotes further pollutant re-
moval as well as infiltration of runoff. Typical
biofiltration practices include vegetated
swales, filter strips, and buffer areas.

To further organize the presentation and
provide thorough coverage of all facility
types, each facility or practice has been
broken into one or more of the compo-
nents described in Table 3-1. Due to their
different physical or operating character-
istics, it is important to note that some
practices will not have all of the compo-
nents listed in the table. Additional infor-
mation and photographs of the various types
of stormwater management practices are pre-
sented in Chapter 2.

3. THE RESPONSIBILITIES OF THE
FACILITY DESIGNER

As noted above, there are several levels of
responsibility that the designer of a stormwa-
ter management facility must fulfill. First and
foremost, the designer is responsible for
complying with the technical requirements
and standards of the overall stormwater
management program of which the facility
will be a part. This will typically include achiev-
ing the required level and range of peak out-
flow control necessary to prevent or reduce
downstream flooding, as well as the deten-
tion times and pollutant load reductions nec-
essary for stormwater quality enhancement.
Additional technical requirements of the
stormwater management program may in-
clude emergency discharge capacity to insure
dam or embankment safety and structural and
geotechnical standards to achieve stability
and strength. Therefore,the facility designer
must be familiar with the specific techni-
cal requirements of the stormwater man-
agement program as well as the theoreti-
cal basis for and use of the various hydro-
logic, hydraulic, structural, chemical, bio-
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TABLE 3 -1.

Major Components of Stormwater Management Practices

COMPONENT DESCRIPTION

PRINCIPAL OUTLET Hydraulic structure that controls and conveys the
facility's outflow to the downstream conveyance or
receiving water.

EMERGENCY OUTLET Hydraulic structure or spillway that safely conveys
emergency overflows from the facility. Includes
approach and exit channels.

DAM/EMBANKMENT Wall or structural fill that impounds runoff in the facility
above the adjacent ground surface.

BOTTOM The lowest or deepest surface within the facility.

SIDE SLOPES Slopes at dams, embankments, spillways, and facility
perimeters constructed through excavation or filling.

TRASH RACK Device placed upstream of the principal outlet or drain

to intercept trash and debris that would otherwise
block it.

LOW FLOW SYSTEM

Surface and/or subsurface measures that convey
low and dry weather inflows to the principal outlet
without storage.

INLETS

Upstream surface and/or subsurface conveyance
measures that discharge runoff into the facility.

OUTFLOW SYSTEMS

Downstream surface and/or subsurface
conveyances or water bodies which receive facility
outflows from the principal outlet.

PERMETER Area immediately adjacent to the facility.

ACCESS SYSTEMS Measures and devices that provide maintenance
personnel and equipment access to various facility
components.

VEGETATIVE COVER Vegetation planted on various facility components to

stabilize their surface and/or provide stormwater
treatment.
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logical, and geotechnical analyses typi-
cally used to comply with them.

However, the responsible facility designer
(and the government reviewer approving the
design) should not only be familiar with the
stormwater management program’s technical
requirements, but also understand it's overall
intent or goals. The responsible designer
and reviewer must recognize that the
program’s technical requirements are only
the means by which the program’s goals
are achieved. As such, a stormwater man-
agement facility will contribute more towards
those goals if its designer understands, for
example, not just what detention time an ex-
tended detention basin should have, but why
it should even have one, why it should be a
certain duration, and what will happen if it
doesn’t. Such understanding by designers
and reviewers also produces facility designs
that are better able to achieve satisfactory
results over a much wider range of real world
conditions than the limited few used in most
design processes.

In addition, due to the inherent complexities
of stormwater quality and NPS pollution, the
technical requirements of many stormwater
management programs are not defined as pre-
cisely as the program’s goals. For example,
it is much easier to specify a program goal of
80 percent removal of suspended solids from
stormwater runoff than it is to specify the ex-
act technical measures required to achieve
it. However, this disparity between a storm-
water program’s means and ends can be over-
come to a great degree by the responsible
designer who, aware of the disparity, is will-
ing and able to look behind and beyond the
program’s somewhat more limited technical
requirements and produce designs that do a
better job of achieving the program’s goals.

Another design responsibility is based upon
the realization that the designer’s efforts will
ultimately result in an actual physical facility

Planning and Design Considerations

that must first be constructed and then main-
tained. As such, it is vital that the facility
be both simple and practical to build and
maintain. With regards to maintenance, a
study of 51 stormwater management facilities
in New Jersey by the state’s Department of
Environmental Protection found that more
than half of the problems encountered by
maintenance personnel at the facilities
could be linked to shortcomings in the
planning, design, and review process.
These included:

B a lack of adequate planning and de-
sign standards,

B inadequate investigation and analysis
of site conditions,

B poor understanding of facility function
and operational needs,

B inattentive review, and,

B at times, simply a failure by the de-
signer and reviewer to recognize or re-
member the facility’s post-construction
maintenance needs.

According to the study, these shortcomings
and failures sometimes resulted in facility
maintenance problems that “were virtually
unsolvable without massive infusions of time,
money, and hard work”.

Flat bottom in dry detention basin
prevents complete emptying and
complicates basin maintenance.
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Typical stormwater system operation, main-
tenance, and management problems that can
be directly linked to poor planning and de-
sign or to inattentive review include:

MAINTENANCE PROBLEM: Soggy, unstable
bottom in dry detention basin which is difficult
to mow.

CAUSE: Bottom will not drain and dry com-
pletely between rain events.

SOURCE OF PROBLEM: Flat basin bottom
specified by designer.

MAINTENANCE PROBLEM: Mosquito
breeding in an infiltration basin.

CAUSE: Persistent standing water in bottom.
SOURCE OF PROBLEM: Basin bottom set
below groundwater table due to designer over-
sight.

MAINTENANCE PROBLEM: Inability to drain
and desilt wet detention basin.

CAUSE: Lack of low level drain.

SOURCE OF PROBLEM: Low level drain not
provided due to designer oversight.

MAINTENANCE PROBLEM: Grass mowing
along basin side slopes is time consuming and
dangerous.

CAUSE: Excessively steep basin side slopes.
SOURCE OF PROBLEM: Excessive side
slope specified by designer.

Highly visible and accessible facilities
can be quickly inspected for mosquitoes
and other maintenance problems.

= e= ===

MAINTENANCE PROBLEM: Sediment and
debris removal from sand filter is time con-
suming and difficult.

CAUSE: Lack of access manhole from ground
surface to sediment chamber.

SOURCE OF PROBLEM: Access manhole
not provided due to designer oversight.

MAINTENANCE PROBLEM: Check for
standing water in dry detention basin by mos-
quito control inspector is time consuming.
CAUSE: Basin cannot be viewed from road-
way or parking lot. Inspector must stop and
exit vehicle and walk to basin to view.
SOURCE OF PROBLEM: Basin located in
remote part of site by designer. Access road
not provided due to designer oversight.

Less durable outlet structure materials, such
as cinder blocks, may save one-time
construction costs but will increase
long-term maintenance costs.

MAINTENANCE PROBLEM: Continuing re-
pairs of outlet structure and trash racks re-
quired at detention basin.

CAUSE: Structural failures due to debris load-
ings and weather conditions.

SOURCE OF PROBLEM: Inferior, nondurable
materials specified by designer.

As described above, poor facility design
and/or inattentive review can adversely
effect facility maintenance in several ways.
These include hindering inspection and
maintenance activities through lack of
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adequate access, increasing maintenance
efforts through adverse site conditions,
and creating additional maintenance
needs through the use of inadequate ma-
terials. The result of any of these causes is
increased maintenance time, effort, and ex-
pense and the increased potential for main-
tenance neglect and facility malfunction or
even failure. These points have even greater
impact when it is remembered that, unlike fa-
cility design or construction, which are nor-
mally completed in a matter of weeks, main-
tenance must be performed for the life of the
facility. In addition, the increased potential
for maintenance neglect and failure, which the
designer or reviewer could have prevented
with a few extra hours of effort in the office,
may remain a threat for years to come.

It must also be noted that maintenance per-
sonnel are not the only people who will suffer
the long term effects of poor facility planning,
design, and/or review. As noted above, a fa-
cility design that first exists only on paper will
ultimately exist in or on the ground. Since
virtually all stormwater management systems
are constructed as part of land development
activities, other structures such as homes, of-
fices, stores, factories, warehouses and/or
roads will normally be close by, along with the
people that will live, work, or travel them.
While the facility will only be required, on
average, to function a few days a month
or year, these people must coexist with it
every day. If the system is poorly main-
tained, these people may then be sub-
jected to health threats from mosquitoes,
rodents, and other vermin as well as ad-
verse quality-of-life effects from odors or
unsightly appearance. If these conditions
are due, even in part, to deficiencies in the
system’s design (as demonstrated above),
then the planner, designer, and reviewer must
share the blame for their creation.

Finally, in the design of any stormwater man-
agement facility or practice, cost must also
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be an important factor. The responsible de-
signer will not only appreciate this fact, but
will also be able to accurately determine and
compare the costs of the system and the ben-
efits it provides in order to measure the its
true cost effectiveness. To do so, the de-
signer has a responsibility to fully under-
stand both the combined cost of system
operation and maintenance and the rela-
tive benefits or cost savings that can be
gained from various design alternatives.
For example, while the use aluminum trash
racks or reinforced concrete structures (in
place of less durable materials) may increase
the client’s initial design and construction
costs, these increases may be quickly offset
by reduced (and recurring) maintenance
costs. To accurately perform such analyses
requires, among other traits, a high degree of
objectivity in order to ensure that the costs
and benefits determined by the designer are
based upon reality and not the interests or
desires of his or her client, supervisor, or gov-
ernment regulator.

4. BMP DESIGN CONSIDERATIONS:
POINTS TO PONDER

From the above, it can be seen that the re-
sponsible stormwater management sys-
tem designer must not merely be con-
cerned with the technical requirements of
a stormwater management program, but
must also strive to produce facilities with
reasonable and affordable maintenance
needs. The system must also be practical,
safe, aesthetically pleasing, and relatively
easy and inexpensive to build. The stormwa-
ter facilities that result from such an effort will
become assets to the community which they
serve and will promote the public interest and
involvement necessary for overall stormwa-
ter program success.

Faced with such a formidable list of require-
ments, it can be seen that the responsible de-

3-7




Operation, Maintenance, and Management of Stormwater Systems

signer and reviewer must not only bring com-
petent technical ability to the design process,
but also an informed, open attitude and even
a sense of mission or purpose. To help pro-
mote such an attitude and more fully prepare
them for the job ahead, the following points
regarding stormwater management system
design, construction, and operation are of-
fered:

4.1. Interested Parties

To produce a stormwater management facil-
ity design good enough to earn an “Approved”
stamp from a program reviewer (who is pre-
sumably interested in assuring compliance
with the program’s regulations), a facility de-
signer must identify with those interests and
make sure they are reflected on the construc-
tion drawings. However, to further ensure that
the facility will truly be an asset to the com-
munity and will make a positive statement
about the value of stormwater management,
the system designer must expand this list of
interested parties to include the following:

The Client: Including the Client on a list of
parties having an interest in a facility’s de-
sign should not come as a surprise. How-
ever, a review of what those interests actually
are can be enlightening. Therefore, the re-
sponsible designer will not automatically as-
sume to know their client’s interests (however
obvious they may appear), but will instead fully
discuss them with the client.

The prospect of having such a discussion
should then lead the responsible designer to
ask the following questions:

B \What should the client’s interests be?

B Does the client fully understand the
long term operation and maintenance
costs which sometimes are the own-
ers responsibility?

B Does the client have a misinformed or
misguided attitude towards the goals
of stormwater management?

B Is this attitude based upon a lack of
understanding or information?

In such cases, the responsible designer
can, through education (and atouch of di-
plomacy), both expand the client’s under-
standing and improve their attitude to-
wards stormwater management, thereby
enhancing the designer’s own chances of
producing a positive facility design. This
will also provide the designer with an excel-
lent opportunity to educate the client about
long term system maintenance requirements
and costs which the client may not be aware
of or fully appreciate.

The Reviewer: Similar to the Client, this indi-
vidual is also an obvious choice for an “Inter-
ested Party” list. However, once again, the
following questions may be raised: What are
the reviewer’s interests and what should they
be? Since a reviewer’s check of a BMP de-
sign can sometimes stray from the program’s
technical standards into more subjective ar-
eas (due, at times, to a lack of such stan-
dards), it is often helpful to know what inter-
ests the reviewer has in those areas. Are
those interests both in keeping with the goals
of the stormwater management program and
within the program’s (and, therefore, the
reviewer’s) jurisdiction?

Similar to the client, a facility designer may
encounter a reviewer who, through a lack of
knowledge or an abundance of incorrect in-
formation, either misunderstands the impor-
tance of system maintenance, or fails to ap-
preciate the costs and effort required to do it
properly, or the consequences of neglecting
it. Once again, the responsible facility de-
signer can, through education and a com-
petent, comprehensive design, expand the
regulator’s knowledge, interests, and abil-
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ity, particularly in regard to BMP operation,
maintenance, and management.

The Constructor: As noted earlier, one of
the key responsibilities of a stormwater man-
agement system designer is to transform the
system from concept to reality by preparing
detailed plans and specifications of how it
should be built. It is then up to the construc-
tor to finish the project by actually building
the facility from these plans and specifications.
Therefore, the responsible designer appre-
ciates the efforts of the constructor and
does not see their own efforts as an inde-
pendent exercise, but rather as an integral
part of a much larger process; a process
which requires the participation of the con-
structor and then, ultimately, the operator/
maintainer.

As such, the responsible system designer will
recognize and respond to the constructor’s in-
terests by producing a well-thought out de-
sign that can be constructed as easily and sim-
ply as possible. Since this may not always
be possible, particularly when faced with com-
plex structures, precise dimensions, or diffi-
cult site conditions, the responsible de-
signer will also take extracareto bring any
difficult or unusual aspects of the design
to the constructor’s attention prior to the
start of construction and will even consult
with the constructor during the design
phase to mutually devise the best con-
struction technique, material, or sequence.

Under ideal circumstances, the facility de-
signer will also continue their involvement in
the project throughout the construction phase.
When contracts are agreed upon by the de-
veloper and the designer, the contract should
include input from the designer throughout the
construction phase of project implementation.
The designer should work with the construc-
tor to correct mistakes, address oversights,
and develop revised designs as necessary to
overcome construction problems that were en-
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countered in the field or that may become
maintenance problems in the future. It is usu-
ally very advantageous to the project for the
designer(s) to be in the field to interpret the
design at all critical points in the construction.
This need is especially acute when the con-
tractor does not have substantial experience
building the precise type of project, or when
there are any complex elements at all in the
design.

The Maintainer: Once construction of the
stormwater system has been completed, the
designer’s involvement with the process (as-
suming it lasted through construction) nor-
mally ends. However, as described above,
there are interested parties whose involve-
ment with the facility is just about to start and
whose interests the designer must also con-
sider. These are the maintenance personnel
who will be responsible for mowing the grass,
removing the sediment, clearing the debris,
managing the habitats, and performing the
necessary repairs at the facility for the rest of
its serviceable life. Similar to the constructor,
the maintainer’s actions will be governed by
what the designer creates on paper. How-
ever, since construction has been completed
and the designer has moved on to other
projects, it will be considerably more difficult
for the maintainer to have deficiencies or over-
sights in the design corrected.

As such, it is vital that the designer under-
stand and address the interests of the
maintainer before it is too late. As de-
scribed in greater detail throughout this chap-
ter, this can be accomplished by designing a
facility that, optimally, requires a minimum
amount of maintenance that can be performed
as easily as possible.

The Resident: As described above, this in-
terested party may also be the worker, com-
muter, shopper, student, or local government
official who will interact with the stormwater
management system on a regular basis once
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construction is completed and maintenance
begun. This interaction may be physical
(through the sense of touch, sight, hearing,
or smell) or psychological (as anyone who has
worried about their children’s safety or the
value of their property will know).

In any case, these are the people who most
likely have the strongest interest in seeing that
a positive facility design is achieved. These
are also the people who may soon be asked
to participate in the community’s nonstructural
stormwater management programs by chang-
ing some of their aesthetic values and life
styles, and who will be paying for the facility’s
maintenance through their drainage fees,
owner association fees, rents, leases, or pur-
chases. Therefore, the facility designer must
be aware of their interests and incorporate
them into the design plans and specifications.

4.2. Operating Conditions

Just as there are a wide range of people with
an interest, either direct or indirect, in the de-
sign of a stormwater management system,
there is also a wide range of conditions under
which it must operate. However, just as the
designer may fail to recognize all of the
design’s interested parties, he or she may also
fail to consider all of the real world conditions
under which the facility must operate. Instead,
many designers focus solely on the design
conditions necessary for official program
approval.

This is unfortunate, since these design
conditions, which may receive all of the
designer’s attention, will in reality only
occur during a small fraction of the
system’s serviceable life. However, its
performance during the remainder of its
existence, while ignored by some design-
ers, can largely determine both the amount
and frequency of required maintenance
and the conditions under which it must be
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performed. How the system “performs”
under these non-design conditions may
also largely determine the community’s
opinion of it and the stormwater program
it represents.

Therefore, it is important that the stormwater
management system designer be aware of
all the weather and other site conditions that
the facility will be subject to, including:

Design Conditions: These are obviously the
designer’s first concern and, as noted above,
are normally established by the community’s
stormwater management program. In the
case of runoff quantity control, these con-
ditions usually include either a single or
range of relatively extreme storm events,
the runoff from which must be stored and
released at a predetermined rate. For ex-
ample, New Jersey’s Stormwater Manage-
ment Regulations require that the runoff from
a proposed land development site for the 2,
10, and 100-year storm events be controlled
so that the peak rate of runoff after develop-
ment for each storm does not exceed the peak
rate that existed prior to development. The
Somerset County, New Jersey standards are
more strict, requiring a peak rate after devel-
opment that is actually less than existing to
account for development induced changes in
runoff volume and overall hydrograph shape
as well.

In the case of stormwater quality control,
typical design conditions may include the
temporary storage and slow release of the
runoff from a much smaller, more frequent
storm event in order to promote pollutant
removal through sedimentation. For ex-
ample, New Jersey’s Stormwater Manage-
ment Regulations require the temporary stor-
age of runoff from a 1-year storm event, with
release occurring over 18 to 36 hours depend-
ing upon the character and intensity of the
proposed development. Delaware's
stormwater program requires extended stor-
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age of the first inch of runoff from a proposed
site, with release occurring over 24 hours.
Stormwater quality BMPs in Florida are de-
signed to treat up to the first two inches of
runoff, with release occurring between 24 and
120 hours. In the Puget Sound Basin, the run-
off volume or rate, depending on BMP type,
from the 6-month, 24-hour "water quality de-
sign storm" is the basis for sizing treatment
practices.

Whatever exact design conditions the
stormwater management program may
specify, it is vital that the structural BMP
function properly under them or the goals
of the program cannot be met.

Extreme Conditions: In addition to the
program’s design conditions, which have been
selected with the goal of runoff quantity and/
or quality in mind, the responsible system de-
signer must also recognize that more extreme
storms will also eventually occur. Therefore,
duetotheinherent dangers of storing run-
off and the exceptionally large quantities
of runoff that can be produced by these
extreme events, it is vital that the designer
also address the goal of safety by ensur-
ing that the facility will also function prop-
erly under such extreme conditions. Ex-
treme conditions may be defined as either
extreme weather or storm conditions where
rainfall exceeds normal design values or
where equipment or components fail structur-
ally or operationally.

Addressing extreme conditions at a stormwa-
ter management system will typically include
the provision of an emergency spillway or
other auxiliary outflow device that will safely
convey the extreme event runoff that exceeds
the capacity of the facility’s normal outflow
structure. It will also include protection of criti-
cal portions of any embankment, dam, or dis-
charge points that may be subject to scour or
erosion from the high flow velocities gener-
ated by this storm event. Protection of such
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critical areas from damage will not only in-
crease safety but reduce and even eliminate
the need for post-storm maintenance and re-
pairs.

Consideration of extreme conditions is
also important when reviewing the acces-
sibility of system components to mainte-
nance personnel. For example, if a trash
rack is blocked or damaged during a storm
event and is causing dangerous water levels
in a facility, will maintenance personnel be
able to reach it safely? Will inspectors be
able to reach the system itself during an ex-
treme storm event to evaluate the potential
for overtopping and failure? These questions
can only be answered satisfactorily if the
facility’s performance under such extreme
conditions is thoroughly analyzed by the de-
signer.

Dry Weather Conditions: While extreme
storm conditions can be expected to occur
periodically, a common operating condition at
a stormwater management system will be dry
weather with various seasonal temperatures,
winds, humidities, and periods of daylight.
However, while dry weather may be the most
prevalent operating condition and the one
during which most maintenance will be per-
formed, it is also the one that is most frequently
overlooked by the system designer. As a re-
sult, how the facility will look, smell, and even
sound during the majority of its operating life
is then left to chance. This can be particu-
larly unfortunate for the system maintainer
and, perhaps more critically, the resident,
worker, or commuter who, knowing when to
come in out of the rain, will interact most of-
ten with the BMP during dry weather condi-
tions. This is especially true if the stormwa-
ter system is a multipurpose dry practice. As
aresult,theresponsible BMP designer will
not only address design and extreme
storm conditions, but will also make sure
that the facility also performs satisfacto-
rily when it isn’t raining at all.
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4.3. Designh Methodologies

Prior to starting the actual design, the respon-
sible stormwater management facility designer
will have an adequate understanding of the
design methodologies that have been se-
lected or required. These methodologies can
cover such aspects as rainfall-runoff compu-
tations, hydrograph routings, infiltration and
ground water movement, structural design,
and geotechnical issues. In doing so, the
designer’s understanding should include each
methodology’s theoretical basis, assumptions,
limitations, and applicability.

In addition, the responsible designer will also
have an understanding of both the accuracy
needed to perform the design and the accu-
racy of the method selected to do it. From
this information, the responsible designer will
not waste time producing unneeded accuracy
nor attempt to achieve a level of accuracy be-
yond the limits of the method. In addition, the
responsible designer will understand the sen-
sitivity of each of the method’s input variables
and will appropriately allocate his or her ef-
forts, time, and resources in developing each
one.

Finally, the responsible designer will under-
stand the applicability of each methodology
to the design of such maintenance-related
items as bottom and side slopes, trash racks,
erosion protection measures, low flow chan-
nels, forebays, and outlet works.

4.4. Facility Type

The final point for a stormwater management
facility designer to consider before or during
the design process is the exact type of prac-
tice to be used. There are typically a wide
range of stormwater management practices
available for consideration, ranging from rela-
tively simple vegetated filter strips and swales
to large wet ponds and constructed wetlands.
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However, selection of the most appropri-
ate type of facility may have a greater im-
pact on maintenance effort than all other
factors combined.

Selection of the most appropriate stormwater
BMP will depend upon a number of factors,
including program requirements, facility loca-
tion, site conditions, maintenance needs,
safety, cost, and performance characteristics.
Similar to that of selecting/determining facil-
ity operating conditions, however, the facility
designer may often consider only a few of
these factors, most notably program require-
ments (keep the reviewer happy and get the
approval) and cost (keep the client happy,
too). The responsible designer, however,
will recognize the performance, construc-
tion and maintenance needs, uncertain-
ties, and risks inherent in each facility type
and will then select (or help influence the
selection of) the most appropriate type of
system for the site or project. This pro-
cess typically begins with the identification of
the fundamental characteristics of each type
of stormwater management practice, along
with the project’s physical, economic, social,
and regulatory constraints. The process then
becomes one of comparison and analysis,
with the best match of site and facility found
by eliminating those options least suitable.

For example, a site with porous soils, low
ground water table, and close proximity to resi-
dences may not be best suited for a wet pond
or constructed wetland, while the active rec-
reational needs of the residents may benefit
from an infiltration basin or dry, extended de-
tention basin that can also serve as an ath-
letic field. In addition, the maintenance needs
of these two practices should be well within
the homeowners’ abilities, while a constructed
wetland may require expensive maintenance
expertise far beyond both the homeowners’
ability or budget. Recognizing that there are
rarely perfect matches, comparisons and
analyzes such as this will help reduce the
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Minimum maintenance performed at
maximum efficiency should be a goal of
every stormwater facility planner,
designer, and reviewer.

number of potential facility types, improve
the thoroughness and objectivity of the
overall selection process, and ideally pro-
duce the optimum stormwater system, not
only from a performance or regulatory view-
point, but from a maintenance viewpoint as
well. This process can even help identify in-
herent weaknesses in or problems with the
selected BMP or exceptional maintenance
demands. This will enable the responsible
facility designer to devote additional time and
effort towards correcting or minimizing them
during the design phase.

To undertake such a selection process obvi-
ously requires a stormwater designer who un-
derstands the fundamental characteristics and
needs of each facility type and who can ob-
jectively assess all of the pertinent site con-
straints. Such a designer must also be will-
ing and able to address the differing opinions
of other, less objective or informed parties (in-
cluding the reviewer, client, or member of the
public) in order to assure that the best prac-
tice is ultimately selected. As noted through-
out this chapter, achieving an optimum
stormwater management facility design is
a complex and demanding process which
must incorporate numerous interests and
requirements. Starting the process with
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the wrong facility type, however, trans-
forms a complex and demanding process
into an impossible one.

5. BMP DESIGN CONSIDERATIONS:
A CHECKLIST

Having completed the BMP practice selection
process with idealism, and design contract still
intact, and armed with the necessary techni-
cal and regulatory knowledge and economic,
social, and maintenance sensitivity, the re-
sponsible stormwater system designer is ready
to begin the actual design process. Presented
below is a checklist of six key design con-
siderations to help guide this effort, with
particular emphasis placed upon long term
facility maintenance. Ideally, these six
items have or will become an integral part
of the designer’s thought process and will
automatically be included in each design
effort. These items can also serve as guide-
lines for reviewers responsible for the review
and approval of specific system designs and
can even serve as goals for those developing
new stormwater management programs.

5.1. Safety

For many reasons, the safety of the stormwa-
ter management system must be the primary
concern of the designer. Due to its structural
nature and, in many instances, the fact that it
will impound water either permanently or tem-
porarily, a stormwater facility will inherently
pose some degree of safety threat.

Those at risk will include people living, work-
ing, or travelling downstream of the system
and whose safety and/or property will be jeop-
ardized if the facility were to fail and release
stored runoff. Since thisis arisk that has been
created solely by the system, the designer
must assure that the probability of such a fail-
ure is acceptably small.

3-13



Operation, Maintenance, and Management of Stormwater Systems

However, also at risk at the facility are main-
tenance personnel, inspectors, mosquito con-
trol personnel, and equipment operators, who
must work in and around it. Typical hazards
include deep water, excessively steep slopes,
slippery or unstable footing, limited or unsafe
access, and threats posed by insects and ani-
mals. As noted above, the responsible
stormwater designer understands the im-
portance of minimizing and facilitating fa-
cility maintenance. Providing a safe work-
ing environment for the system maintainer
is one important way to do it.

Finally, those living, working, traveling, attend-
ing school, or playing in the vicinity of a facil-
ity may also be at risk, particularly if the sys-
tem serves both as a stormwater management
and recreational facility. Once again, such
things as standing water, steep slopes, un-
stable footings, and insect and animal bites
must be addressed by the designer in order
to avoid creating a system that is a detriment
to the community it is intended to serve. Fail-
ure to do so will only alienate those members
of the community that are being asked to play
a vital role in the community’s stormwater
management efforts.

5.2. Performance

Having made a strong commitment to safety,
the designer must then consider facility per-
formance. This will normally include achiev-
ing the necessary stormwater detention times,
flow velocities, settling rates, peak flow attenu-
ation, and/or ground water recharge for the
range of storm events to be managed. In ad-
dition, again with a commitment to safety, the
designer must also ensure that the system
performs adequately under emergency con-
ditions, most notably when the peak rate and/
or volume of runoff flowing into the basin ex-
ceeds the discharge capacity of the facility’s
principal outlet. This will require the inclu-
sion of emergency or auxiliary outlets in the
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facility to safely convey this excessive inflow
through the BMP without jeopardizing its struc-
tural integrity.

In most instances, the performance standards
that the system’s design must meet will be
specified in the stormwater management
program’s regulations. However, experience
has shown that these performance standards
may, at times, be vague, contradictory, or even
impossible to meet. For example, many storm-
water system designers have been confronted
with a requirement to reduce both the peak
rate and total runoff volume from a developed
(or developing) watershed to predeveloped
levels. This has often led to much head
scratching, for the solution will normally re-
quire the use of an infiltration or recharge ba-
sin which, due to site constraints, may either
be impossible to construct or impractical to
operate and maintain. Or the regulations may
require high sediment removal rates but pre-
clude the use of low flow channels that can
greatly facilitate the sediment’s removal by
maintenance personnel. Faced with such
circumstances, the responsible designer
will look beyond the written regulations
and investigate their origins and true in-
tent with regulatory personnel. Direct in-
clusion of these individuals in the design
process will also help ensure more posi-
tive overall results.

5.3. Constructability

Up until now, the designer’s efforts to achieve
adequate facility safety and performance lev-
els will be achieved only on paper or com-
puter disk. However, since the ultimate goal
of the design process is to actually create
astormwater management system, the de-
signer must also give careful consider-
ation to how itis to be constructed. Achiev-
ing exceptional safety and performance char-
acteristics in a system that cannot actually be
built solves nothing and wastes much. Achiev-
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ing required levels of safety and performance
in a facility that can be constructed with rela-
tive ease, using readily available materials,
equipment, and skills is commendable. It not
only solves a specific stormwater manage-
ment problem, but also helps to advance the
community’s overall stormwater management
program.

“Constructability” can be defined as a
measure of the effort required to construct
a stormwater management system. A fa-
cility that is highly “constructible” will use ma-
terials that are readily available, relatively in-
expensive, and do not require special ship-
ping or handling measures. They will be both
durable and easily modified in the field to meet
specific site conditions. Similarly, the con-
struction techniques and equipment required
to construct the system will also be relatively
simple, straight forward, and familiar to the
people who will be performing and operating
them.

In addition, construction plans and specifica-
tions should be complete, clear, and concise.
They should be well organized - with all of
the necessary information regarding a spe-
cific facility component or construction stage
provided on a single or adjoining sheets. All
new or more difficult techniques, stages, or
components should be given extra attention,
with ample instructions, notes, and details.

It is important to note that the above descrip-
tion is not intended to discourage the use of
new or innovative materials or construction
techniques, nor to inhibit creativity in the
stormwater system design process. In fact,
innovation in design and construction is
vital to the future growth of stormwater
management. Instead, the above descrip-
tion of “constructability” is intended to remind
designers that they must consider the con-
struction aspects of the BMP in the design
process and strike an optimum balance be-
tween performance and safety requirements,
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constructability, and innovation for each de-
sign they undertake. In addition, the more
well-constructed a stormwater manage-
ment facility is, the less overall mainte-
nance and repair it will require.

5.4. Maintenance

Obviously, in a handbook on stormwater
management system operation and mainte-
nance, the same recommendation, given
above for constructability, must be repeated
for facility maintenance. Similar to construc-
tion, the degree of effort and expense required
to adequately maintain a stormwater manage-
ment system will help determine the overall
success of its design. A system with man-
ageable maintenance needs can be expected
to remain in reasonably good condition and
will have a stronger chance to become and
remain an asset to the surrounding commu-
nity. On the other hand, a facility with exces-
sive maintenance needs is more likely to be
neglected and will quickly become a commu-
nity liability. As such, BMP operation and
maintenance can directly effect the over-
all success of the community’s stormwa-
ter management program.

The stormwater designer can help determine
a facility’s maintenance needs by consider-
ing several aspects of that maintenance in
the design process. First, it is important that
the system design include the use of durable
materials that are able to withstand the many
and varied physical conditions the facility will
experience over its lifetime. Secondly, suit-
able access to key facility components and
areas is vital if required maintenance levels
are to be achieved. This will include provi-
sions for walkways, staging and disposal ar-
eas, access hatches and gates, and safe,
stable working areas. The frequency of main-
tenance will have a large impact on both main-
tenance cost and quality, and it is the
designer’s responsibility to achieve an appro-
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priate level. Finally, the system designer
should always strive to minimize the over-
all amount of maintenance at the facility
and to make that amount as easy as prac-
ticable to perform. A more detailed discus-
sion of maintenance considerations during
system design is presented in the following
section.

5.5. Cost

Inclusion of a stormwater management
system’s cost in a list of design considerations
should not be surprising. However, once
again, a review of the full costs associated
with a facility may yield a few surprises that
may increase designers’ understanding and
encourage them to give system costs the full
consideration they deserve. Where costs are
surprising, the designer should communi-
cate with the local regulatory agency to
ensure that the costs are "real" and to
make the regulatory agency aware of the
economic impacts of pertinent program
requirements.

The cost that will be most obvious to the de-
signer will be the systems's construction cost.
This can be readily estimated with reasonable
accuracy and will be the one most directly
borne by the designer’s client. As such, this
cost is the one that the designer will most of-
ten focus on during the design process to the
exclusion of all others.

In doing so, what other costs will be over-
looked? One may be the designer’s own fee,
which is part of the overall system cost but
which has probably been excluded because
it has already been determined. However, the
amount of the designer’s fee will have a di-
rect impact on the facility design, since it will
determine the amount of effort and resources
the designer can/will use to produce it. The
level of effort expended during the system’s
design can have a similarly direct effect on
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the effort and cost of both construction and
maintenance. As such, it can be seen that
paying a higher cost for a more compre-
hensive facility design may ultimately re-
sultin even greater cost savings to the cli-
ent during subsequent project stages.

Therefore, while this is not a signal to facility
designers to raise their fees, it is meant to
remind designers that their fee is part of the
overall system cost. It is their responsibility
to determine what level of design effort and
cost represents the best investment for both
the client and the community.

Another portion of a system's total cost that is
frequently overlooked is the cost associated
with its operation, maintenance, and manage-
ment. While the annual cost is usually a
small percentage of the construction or
even the design cost, it must be remem-
bered that, unlike construction or design,
OMM costs are recurring and must be paid
throughout the life of the system. There-
fore, while a maintenance cost savings may
appear to be insignificant on a per operation
basis and not worth the extra design or con-
struction costs required to achieve it, value
may be viewed quite differently when multi-
plied by the numerous times the savings will
be realized. For example, an added invest-
ment in design to produce a trash rack that
will require less frequent cleaning or an added
investment during construction to reduce the
frequency of outlet structure repairs may
quickly yield a positive return in the form of
reduced maintenance costs. Similar conclu-
sions can be reached for many other design
and construction efforts, such as providing
better access, using more durable materials,
and selecting a BMP type that best suits site
conditions.

5.6. Community Acceptance

The final recommended design consideration
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once again involves those people who may
have the greatest interest in the stormwater
management system: the community. Not
coincidentally, these same people will have
the greatest role in funding the facility’s main-
tenance and will ultimately have the greatest
role in the various nonstructural programs in-
tended to augment stormwater management
systems in the future. To protect these inter-
ests and encourage assumption of that role,
itis up to the designer to help create a fa-
cility that will be viewed as a community
asset rather than a liability.

As discussed above, this can be achieved only
by considering the system's aesthetic value,
preventing the creation of nuisances and
safety threats, minimizing and facilitating fa-
cility maintenance, as well as achieving re-
quired performance levels. It is only through
all of these factors that stormwater manage-
ment will gain the understanding and cred-
ibility it requires within the community.

6. SPECIFIC MAINTENANCE
CONSIDERATIONS

To further help stormwater management plan-
ners, designers, and reviewers include sys-
tem maintenance in their everyday thinking,
three specific maintenance considerations
have been developed. These considerations,
which were originally developed for the New
Jersey Department of Environmental
Protection’s Stormwater Management Facil-
ity Maintenance Manual, should ideally come
to mind whenever a stormwater management
practice is pondered, planned, designed, or
reviewed. The facility designer should pretend
that they must do the maintenance to see if
access and maintainability are provided.

6.1. Maintainability

Maintainability can be expressed in three
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ways, all of which should be given equal im-
portance by facility designers and reviewers:

B Every effort should be made to mini-
mize the amount and frequency of
regular maintenance at a stormwater
management system.

B Performance of the remaining mainte-
nance tasks should be as easy to per-
form as possible.

B All efforts should be made to eliminate
the need for emergency or extraordi-
nary maintenance at the facility.

Recommended techniques for accomplishing
these goals, which can be used to both select
the most appropriate type of BMP, as well as
design and review it, are presented below.

6.2. Accessibility

According to many maintenance person-
nel, the biggest problem they encounter
is not the amount or frequency of mainte-
nance they must perform, but the difficul-
ties they have in simply reaching the loca-
tion of the required maintenance work. In
order for proper maintenance to be performed,
the various components of the stormwater
system and, indeed, the facility itself, must be
accessible to both maintenance personnel
and their equipment and materials. Physical
barriers such as fences, curbs, steep slopes,
and lack of adequate and stable walking,
standing, climbing, and staging areas can se-
riously hinder maintenance efforts and dras-
tically increase maintenance difficulty, cost,
time, and safety hazards. Amenities such as
depressed curbs, hand and safety rails, gates,
access roads, hatches, and manholes will ex-
pedite both inspection and maintenance ef-
forts and help hold down costs and improve
efficiency.

Important design considerations for compo-
nents such as gates, hatches, manholes, trash
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racks, and other components that must be
lifted or moved during inspection or mainte-
nance operations, include both the item's
weight and a secure place to put it when it's
not in its normal location. When weight be-
comes excessive, mechanical aids such as
hoists, lifts, and lifting hooks should be pro-
vided. When fastening removable items like
trash racks, orifice and weir plates, and grat-
ings, the use of noncorroding, removable, and
readily accessible fasteners will also help
greatly.

Sometimes design considerations may con-
flict. For example, in designing access roads,
they must have the proper turning radius,
slope, and wheel loading to allow cleaning of
a pond by heavy construction equipment. The
road's storm drain covers, designed for the
desired wheel loading, may be too heavy to
move easily. Perhaps a different access way
may need to be provided.

Finally, legal barriers such as lack of ac-
cess rights or inadequate maintenance
easements can stop the best maintenance
efforts before they can even get started.
This is especially pertinent to project review-
ers, who normally have the authority to re-
quire such legal aspects of the project.

6.3. Durability

The use of strong, durable, and noncor-
roding materials, components, and fasten-
ers can greatly expedite facility mainte-
nance efforts. These include strong, light-
weight metals such as aluminum for trash
racks, orifice and weir plates, and access
hatches; reinforced concrete for outlet struc-
tures and inlet headwalls; hardy, disease-re-
sistant vegetation for bottoms, side slopes,
and perimeters; and durable rock for gabions
and riprap linings. In most instances, the
extrainvestment normally required for more
durable materials will pay off over time.
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7. SUGGESTED DESIGN REVIEW
TECHNIQUES

Throughout this chapter, the stormwater sys-
tem designer has been encouraged to con-
sider a wide range of interests, operating con-
ditions, costs, and other responsibilities
throughout the design process. Presented
below are two recommended techniques to
help accomplish it. They can either be used
as review techniques following completion of
a facility design or, ideally, be incorporated
into the overall design process and used con-
tinually during it.

7.1. Spend a Mental Year at the Facility

To use this technique, the stormwater de-
signer or reviewer simply imagines condi-
tions at the completed facility throughout
afull year. This should not only include rainy
and sunny weather, but also light rain show-
ers (with little or nor runoff) and, where ap-
propriate, both light and heavy snowfalls and
frozen ground conditions. Other site condi-
tions may include late autumn, when trees
have lost their leaves and they have collected
at the facility bottom, and hot, dry weather or
drought, when the turf or other vegetation is
stressed or killed. Finally, for safety purposes,
the designer should also imagine what the
system will be like at night.

As these conditions are visualized, the de-
signer should also imagine how they may
affect not only the operation of the sys-
tem itself, but also the people that will
maintain it or otherwise interact with it. Will
the outlet structure’s trash rack be particularly
prone to clogging by fallen leaves, especially
from the trees the designer just specified for
the facility’s bottom? Can falling and/or blow-
ing snow completely fill the facility, leading the
unsuspecting snow plower or pedestrian to
think that the grade is level? What about the
ice that will form on the surface of a pond or
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constructed wetland? Can someone fall
through? Could that someone be a child taking
a shortcut home or out looking for a place to
skate? How will they be warned not to? How
will they be rescued if they do anyway?

What about night conditions? Will the con-
structed wetland next to the office parking lot
that's so attractive during summer lunch hours
become a safety hazard to workers walking to
their cars in the winter’s darkness? Or will that
same summer sun and a lack of rainfall pro-
duce some of the wonderful aromas of anaero-
bic decomposition?

At first, it may be exasperating to realize that
the number of possible site conditions and cir-
cumstances can be as numerous and varied as
the number of possible facilities types. Butthen
again, that is the point of this exercise. It is
intended to help the designer consider and de-
sign for all possible conditions at the facility, not
just the 1 or 100-year storm event required by
the regulations. In doing so, the facility designer
will not only meet the letter of the regulations,
but will raise the spirit of the entire stormwater
management program.

7.2. Who, What, When, Where, and How?

The second recommended review technique a
system designer may employ is to simply focus
on one or more characteristic or function of the
facility and then ask (and attempt to answer)
the above question. For example, let’s consider
stormwater system operation and maintenance
and then ask:

B Who will perform it? Does the stormwater
system’s design require specialists or will
someone with general maintenance equip-
ment and training be able to do the job?

B \What needs to be maintained? Preparing
a list of all facility components included in a
design that will need attention sooner or later
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may prompt a revised design with a shorter
list.

When will maintenance need to be per-
formed? Once a day? A week? A year?
Remember, the recurring costs of system
maintenance can be substantial. In addi-
tion, can maintenance only be performed
during dry weather? If so, what happens
during two or three weeks of wet, rainy
weather? What happens when repairs need
to be made or debris removed during a ma-
jor storm event? In terms of effort and pos-
sible consequences, it is easier for the de-
signer to find answers to these questions
now, than for maintenance or emergency
personnel to scramble for them later.

Where will maintenance have to be per-
formed? Will the maintainer be able to get
there? Once there, will they have a stable,
safe place to stand and work? In addition,
where will such material as sediment, de-
bris, and trash removed from the facility be
disposed of? Before answering that ques-
tion, do you know how much there might be
and what it might contain? Are there toxic
or hazardous materials in the sediment or
debris? If so, is the place you originally in-
tended to use for disposal still suitable?
Once again, it is easier to address these
guestions now then when the dump truck is
loaded and the engine’s running.

How will maintenance be performed?
The simple instruction to remove the sedi-
ment or harvest the vegetation can become
rather complicated if there hasn’'t been any
provisions made to allow equipment to get
to the bottom of the facility or even into the
site. “Mowing the grass” can become “risk-
ing your limbs” on long, steep slopes. How
will you explain to your client why the
stormwater management facility they have
invested in has become a liability to them-
selves and their community?
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Similar exercises can be performed with con-
structors, inspectors, and residents as the ob-
ject of inquiry. For example, where will the near-
estresidence be? How will the constructor build
the emergency spillway? When will an inspec-
tor need to visit to check for mosquitoes?

Similar to the “mental year” review tech-
nique, the questions raised in this technique
are intended to make the designer more
aware of all the possible impacts the facility
may have and, further, to encourage the de-
signer to address those impacts now, dur-
ing the design phase, rather than leave them
for others, particularly maintenance personnel,
to cope with later. Even if the designer cannot
completely answer all of the questions, he or
she will be able to advise the others of any un-
avoidable needs or problems that will be inher-
ent in the facility and allow them time to ad-
equately prepare.

8. DESIGN GUIDELINES

Presented on the following pages are tech-
nical design guidelines that are intended to
minimize and facilitate maintenance at de-
tention, infiltration, filtration, and biofiltration
practices. Separate guidelines are presented
for each BMP type. In addition, the guidelines
are further divided into each facility’s major com-
ponents for easier reading and reference use.
Descriptions of typical maintenance problems
at various facility components have also been
included to further stimulate the reader’s efforts
to produce BMP designs that require minimum
levels of maintenance effort. The technical
guidelines have been based upon similar guide-
lines presented in the Stormwater Management
Facilities Maintenance Manual prepared by the
N.J. Department of Environmental Protection.

It is important to note that the guidelines
should be used with all other hydrologic, hy-
draulic, structural, geotechnical, biological,
aesthetic, and legal requirements of the
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stormwater management program govern-
ing the design of a particular facility or prac-
tice. As such, they are not meant to conflict or
replace these requirements but, instead, to
complement and expand them. Finally, a re-
sponsible designer understands that each
project and facility site is unique and may re-
quire special, additional, or more strict mea-
sures.

9. SUMMARY

Stormwater management must still be consid-
ered a relatively new endeavor, particularly on
a nationwide basis. However, despite that sta-
tus, it has been charged with the responsibility
of addressing some very complex environmen-
tal problems. In order for stormwater manage-
ment to grow to the level demanded by this
charge, the designers of stormwater manage-
ment facilities must be willing to assume a de-
gree of responsibility for that growth. BMP de-
signers can fulfill that responsibility by pro-
ducing facility designs that do not merely
meet official regulations and standards, but
help inspire new, better, and more compre-
hensive ones.

Facility designers must also incorporate a wide
range of interests into the facility design, includ-
ing those held by stormwater program regula-
tors, contractors, maintainers, and those mem-
bers of the community interacting with the facil-
ity and paying for its long term maintenance.
During the design process, the facility designer
must not only consider the facility’s performance,
but also the extent, frequency, difficulty, and cost
of facility maintenance. Finally, the BMP de-
signer must always recognize the facility’s im-
pacts both on the community around it and the
stormwater management program the commu-
nity has entrusted them with.
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10. DESIGN GUIDELINES FOR DETENTION PRACTICES

10.1. INTRODUCTION

The following technical design guidelines are
intended to help planners, designers, and re-
viewers produce stormwater detention sys-
tems that require minimum levels of mainte-
nance. Typical detention practices include:

Dry Detention Basins

Extended Dry Detention Basins
Wet Detention Basins or Ponds
Subsurface Detention Facilities

To help accomplish this minimum mainte-
nance goal, the design guidelines have been
developed to:

1. Eliminate avoidable maintenance
inspections, tasks, and problems.

2. Minimize the long term amount of
regular facility maintenance.

3. Facilitate required maintenance
inspection and tasks.

4. Reduce the potential for extensive,
expensive, and often difficult remedial
or emergency maintenance efforts.

It is important to note that these design
guidelines are intended to supplement all
other applicable facility design standards
and requirements, including those pertain-
ing to a facility’s hydrologic, hydraulic,
structural, geotechnical, environmental,
legal, and aesthetic aspects. As such, they
should be used creatively with all other
applicable standards and requirements to
produce stormwater detention systems
that require optimum levels of mainte-
nance performed with the least practical
effort, time, and expense. Those involved
with the planning, design, and review of spe-
cific stormwater management systems must

assume their share of the responsibilities for
a system's performance, longevity, and safety.

To assist in their use, the technical design
guidelines are presented separately for each
major facility component as listed in Table 3-
1. Complete descriptions of each type of de-
tention BMP are presented in Chapter 2.

Descriptions of typical maintenance prob-
lems encountered at each facility compo-
nent are also described. These descrip-
tions, which have been based upon facil-
ity inspections and interviews with main-
tenance personnel, highlight the types of
maintenance problems that the design
guidelines areintended to prevent or mini-
mize. They should serve to further stimulate
planners, designers, and reviewers to develop
additional, improved, and/or site-specific de-
signs.

10.2. BOTTOMS

A. Dry and Extended Detention Dry
Facilities

In a study performed by the N.J. Department
of Environmental Protection, facility bottoms
were the most likely location of chronic main-
tenance problems at dry and extended dry
detention facilities. Typical problems that im-
pede or unnecessarily increase proper facil-
ity maintenance include:

Standing Water

Soggy Surfaces

Poor Grass Growth
Excessive Sedimentation
Limited Access

1. To promote complete emptying and pre-
vent standing water or soggy surfaces, veg-
etated bottoms should have a minimum slope
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of 2 percent and be graded to the outlet struc-
ture or low flow channel.

2. To promote complete emptying and pre-
vent standing water or soggy surfaces, the
lowest point in the bottom should be at least
4 feet above the seasonally high ground wa-
ter level or bedrock unless adequate subsur-
face drains are provided.

3. To provide adequate drying time, to avoid
delaying scheduled maintenance efforts, and
to prevent mosquito breeding, the maximum
storage or ponding duration should not ex-
ceed 24-48 hours, depending on the
vegetation's tolerance to wetness.

4. To avoid delaying scheduled maintenance
efforts, topsoils and subsurface soils should
be sufficiently permeable to allow rapid infil-
tration, evaporation, and evapotranspiration.

5. Subsurface drains connected to the prin-
cipal outlet structure, low flow channel, or
other discharge point are encouraged to pro-
mote quick and thorough drying of the facility
bottom. In doing so, care should be taken to
prevent stormwater inflow from inadvertently
bypassing the basin’s outlet controls. (See
G. LOW FLOW MEASURES for additional de-
tails.)

6. To minimize routine grass maintenance
such as mowing and fertilizing, the use of na-
tive grass varieties that are relatively slow
growing and tolerant of poor soil conditions
are encouraged. Information on native grass
varieties and mixtures are available from
agencies such as the local Cooperative Ex-
tension Service or Soil Conservation District.
(See H. VEGETATIVE COVER for additional
details.)

7. To promote lasting growth, grasses and
other vegetative covers should be compatible
with the prevailing weather and soil conditions
and tolerant of periodic inundation and runoff

3-22

pollutants. (SeeH. VEGETATIVE COVER for
additional details.)

8. To facilitate removal efforts, sedimentation
should be promoted at localized, readily ac-
cessible areas. Sediment traps or forebays
at inflow and outflow points should always be
used. Those lined completely or partially with
smooth materials such as reinforced concrete
can be more readily cleaned. For these rea-
sons, the exclusive use of loose stone, riprap,
and other irregular linings which require
manual removal of weeds, sediment, and de-
bris should be avoided wherever possible.

Forebays trap sediment and debris
before it enters the facility in areas
that can be more readily cleaned.

9. Wherever possible, sediment disposal and
storage areas should be provided adjacent to
the facility. These areas should optimally be
designed to contain removed sediment, on a
long-term basis.

10. Suitable access for maintenance person-
nel and equipment needs to be provided to
the facility bottom. (See J. ACCESS for de-
tails.)

11. Construction plans and specifications
should include provisions that minimize the
potential for localized settlement and subse-
quent ponding. These provisions include
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Access to all areas of the facility by
both personnel and equipment is vital
to successful maintenance.

s

proper surface and subsurface soil charac-
teristics, compaction requirements, grading
equipment, and erosion control prior to the
establishment of permanent vegetative cover.

12. All nonvegetative linings which are bor-
dered by grass should be designed to permit
complete mowing along all edges.

13. At subsurface detention facilities, suit-
able access, observation points and/or moni-
toring wells should be provided to facilitate
inspection and cleaning. (See J. ACCESS
for additional details.)

B. Wet Detention Facilities

While unseen, wet detention system bottoms
collect sediment and other material at a much
faster rate than their dry counterparts. Re-
moval of this material can be difficult and ex-
pensive. Other problems may arise in the
aquatic ecosystem as well. Typical problems
that impede or unnecessarily increase proper
facility maintenance include:

Poor Water Quality

Limited Access and Staging Areas
Non-Permanent Pool

Excessive Sedimentation
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1. In order to promote a healthy aquatic eco-
system, the minimum permanent pool depth
should be 4 feet or greater. On the other hand,
it should not be so deep as to allow thermal
stratification to develop in the summer, with
the resultant likelihood of anaerobic conditions
developing in the bottom stratum. Depth
should be limited to that at which small lakes
in the vicinity stratify; 8 feet maximum is prob-
ably a widely applicable limit.

2. Design of a wet detention system should
include the determination of the proposed
site’s ability to adequately support a viable
permanent pool with an equally viable eco-
system. The design should account for such
factors as the required rate and quality of dry
weather inflow, the quality of stormwater in-
flow, seasonal and longer term variations in
the ground water table, and the effects of ex-
pected sediment and other pollutant loadings.
In the highly seasonal climates of the West
Coast, it may be appropriate to design for a
semipermanent wet pool, which gradually
dries in the summer.

3. The establishment of predacious native (if
possible) fish species in the permanent pool
will help control mosquito breeding, but intro-
duction of nonnatives or fish not already es-
tablished in the area should be avoided.

4. Provisions to drain the permanent pool are
necessary for maintenance and safety. A
gravity drain is the preferred method. If this
is not feasible, suitable pumps and both pri-
mary and backup power sources should be
provided. To ensure that they are available
when needed, all pumps and backup power
sources should be reserved for facility use
only. In residential communities, pumps may
only be allowed to run during daytime hours
due to noise. This needs to be considered
when determining times for the drainage to
occur.
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5. To promote complete emptying of the per-
manent pool when necessary, the bottom
should have a minimum slope of 2 percent
and be graded to the outlet drain or pump in-
take.

6. Water quality, including suitable oxygen
levels, should be maintained through continu-
ous recharge with fresh water from natural
surface or subsurface sources. Alternatively,
orienting the detention system to take advan-
tage of prevailing winds can help to promote
aeration and circulation. Mechanical aera-
tion should be relied upon only when abso-
lutely necessary.

7. To facilitate removal efforts, sedimentation
should be promoted at localized, readily ac-
cessible areas upstream of the permanent
pool. The BMP Treatment Train is strongly
recommended for wet detention systems, es-
pecially if they are to be promoted as "lakes"
and serve as an aesthetic and recreational
amenity for the development. Swale convey-
ances and sediment traps or forebays at in-
flows are encouraged. Those lined completely
or partially with smooth materials such as re-
inforced concrete can be more readily
cleaned. For these reasons, the exclusive use
of loose stone, riprap, and other irregular lin-
ings which require manual removal of weeds,
sediment, and debris should be avoided wher-
ever possible.

8. Wherever possible, sediment disposal and
storage areas should be provided adjacent to
the facility. These areas should optimally be
designed to contain 5 years or more of re-
moved sediment.

9. Suitable access for maintenance person-
nel and equipment should be provided to the
facility bottom to allow proper use of equip-
ment that is used by the maintainer. (See J.
ACCESS for details.)
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10.3. DAMS, EMBANKMENTS, AND SIDE
SLOPES

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

Steep Slopes

Long, Continuous Slopes
Poor Grass Growth
Sloughing and Erosion

1. For safe movement of maintenance per-
sonnel and safe operation of equipment, side
slopes greater that 5 feet in height should not
be steeper than 4 horizontal to 1 vertical. Side
slopes less that 5 feet high should not exceed
3 horizontal to 1 vertical. Flatter side slopes
are recommended wherever possible.

Mild side slopes allow maintenance
personnel to perform their jobs
quickly and safely.

2. For safe movement of maintenance per-
sonnel and safe operation of equipment, side
slopes steeper than 5 to 1 and higher than 15
feet should be terraced at their midpoints. The
terrace should have a minimum width of 3 feet
and should be graded at 2 percent or flatter
towards the lower half of the slope.

3. Suitable access to and along side slopes
should be provided for maintenance person-
nel and equipment. (See J. ACCESS for de-
tails.)
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4. Topsoil and vegetative covers must be pro-
tected from erosion caused by local runoff and
the slope’s steepness. Surface and subsur-
face soil stabilization measures or
nonvegetated linings should be used as nec-
essary. In doing so, avoid the use of loose
stones, riprap, and other irregular lining ma-
terials which require hand removal of weeds
and debris and may be a safety hazard to
maintenance personnel walking along or up
the slope.

5. All nonvegetative linings which are bor-
dered by grass should be designed to permit
complete mowing along all edges.

6. The effects of rapid pool drawdown should
be checked to prevent side slope sloughing.

7. For safe movement of maintenance per-
sonnel and safe operation of equipment,
fences should not be constructed within 3 feet
of either the top or toe of any side slope that
exceeds 5 horizontal to 1 vertical.

Adequate distance should be provided

between the top of a slope and adjacent

structures such as fences, walls, curbs,
or roadways.

8. Below the permanent pool level at wet de-
tention facilities, a 4-foot to 10-foot wide level
area or safety ledge should be provided to
prevent people or objects from sliding or fall-
ing into deeper water. This area can be used
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to create a vegetated littoral zone along the
shoreline. The vegetated littoral zone pro-
vides biological processing of dissolved pol-
lutants, requires less regular maintenance
than a grass shoreline, and provides habitat
for predacious insects, fish, and birds which
control mosquito breeding.

9. Durable linings such as gabions or riprap
need to be considered along wet detention
system shorelines prone to erosion due to ex-
cessive wave action or ice movement. Such
linings should extend sufficiently above and
below the permanent water level to account
for wave and ice run-up.

Good shoreline erosion protection is
vital for facility maintenance and safety.

10.4. PRINCIPAL OUTLETS

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

Structural Deterioration

Limited Access

Corroded Appurtenances
Vandalism

Excessive Debris Accumulation

1. For durability, principal outlet structures
should be constructed of reinforced concrete
containing Type Il cement and having a mini-
mum specified 28-day compressive strength
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of 3,000 PSI. Concrete shall be designed in
accordance with all applicable codes and re-
guirements.

2. For durability, all appurtenances, includ-
ing access hatches, trash racks, gratings, rail-
ings, orifice and weir plates, and fasteners
should be constructed of lightweight, noncor-
roding materials. Material strengths should
be sufficient to withstand design loads with-
out damage or failure.

Outlet structure gratings, trash racks,
and other appurtenances should be
lightweight, durable, and removable.

2

3. Outlet orifice and weir plates should be
constructed from aluminum or other light-

weight, noncorroding material. The plates
should be fastened to the structure with non-
corroding, removable fasteners. A gasket of
neoprene or similar material should be placed
between the plate and the structure wall. The
opening in the structure wall over which the
plate is bolted should have at least twice the
area of the outlet orifice or weir to facilitate
field adjustments and future expansion. See
Figure 3-A at the rear of this chapter for de-
tails.

4. To facilitate access and movement by main-
tenance personnel, principal outlet structures
should have a minimum horizontal interior di-
mension of 4 feet. (See J. ACCESS for addi-
tional details.)
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5. Vital parts of the principal outlet structure
should be readily and safely accessible to
maintenance personnel during both normal
and emergency conditions. Gate valves
should be able to be operated in the dry when
the maximum design water level occurs. Tem-
porary measures such as ladders are only ac-
ceptable for emergency conditions as part of
an approved emergency action plan. (SeeJ.
ACCESS for additional details.)

6. To minimize both required maintenance
and the consequences of inadequate mainte-
nance, principal outlets should avoid using
moving or mechanized parts for outflow con-
trol whenever possible.

7. To facilitate cleaning, outlet pipes should
have a minimum diameter of 15 inches. The
pipes should be constructed of durable mate-
rials, such as reinforced concrete. To mini-
mize potential leakage problems, the number
of outlet pipes should be kept to an absolute
minimum. More than one outlet pipe should
be used only where unavoidable. All outlet
pipes must be watertight under the maximum
expected head or pressure.

8. Grading and landscaping around principal
outlet structures should be designed to facili-
tate mowing, trimming, debris removal, and
other general maintenance tasks. Grassed
slopes which require mowing should not ex-
ceed 3 horizontal to 1 vertical. Vegetated
cover which does not require mowing or
nonvegetated linings should be used where
steeper slopes are necessary.

9. Stable areas that provide maintenance
personnel with firm footing should be provided
at the upstream face of principal outlet struc-
tures at dry and extended dry facilities. Lin-
ings such as reinforced concrete, gabions,
and grouted riprap should be considered.

10. All nonvegetative linings which are bor-
dered by grass should be designed to permit
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complete mowing along all edges.

11. Dry weather flow through a principal out-
let structure should not interfere with routine
interior maintenance tasks. Benching, low
flow pipes and channels, drop structures, or
similar measures should be used to convey
low flow into and through the structure.

12. Principal outlet structures should be de-
signed to discourage vandalism and graffiti.
The use of aesthetic type vegetation to cover
walls is encouraged.

10.5. OUTFLOW SYSTEMS

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

e Difficult to Clean
e Erosion and Scour

e EXxcessive Sedimentation
e Displaced Lining

1. The outflow conveyance system down-
stream of a detention system should have ad-
eguate capacity to accommodate its outflows.
This will not only allow design outflows and
water surfaces to be attained, but will also help
achieve required drawdown and emptying
times.

2. Outflow velocities should be high enough
to prevent sedimentation and low enough to
prevent erosion and scour.

3. Manholes, grates and other suitable ac-
cess points should be provided for cleaning
and inspection. (See J. ACCESS for addi-
tional details.)

10.6. INLETS

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

Planning and Design Considerations

Difficult to Clean

Erosion and Scour
Excessive Sedimentation
Displaced Lining

1. The number of inlets to a detention system
should be kept to a minimum. This will mini-
mize the amount of required downstream lin-
ing, forebays, and low flow channels. All in-
flow pipes and culverts should terminate at a
headwall or flared end section with adequate
cutoff walls. Inlet pipes or channels should be
placed on a minimum slope to prevent high
entrance velocities. If high velocities can not
be avoided, the designer should consider rip-
rap inlet protection to prevent erosion and baf-
fling to slow flow and guard against short cir-
cuiting to the outlet.

Facility inlets must terminate with a
headwall or flared end section to
prevent scour and provide stability.

Inlets should be located to prevent or mini-
mize flow short-circuiting. If inlets and outlets
cannot be spaced so that the flow path length
is at least three, and preferably, five times the
average width (dimension perpendicular to
length), the designer should attempt to
lengthen the flow path by moving the inlet and/
or outlet or using baffles to divert flow. An-
other excellent impediment to short circuiting
is dividing the system into two cells with flow
restricting to passing through a single point
between them.
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2. Linings placed downstream of facility in-
lets should accommodate design flows with-
out erosion or scour. They should also facili-
tate removal of sediment, trash, debris, and
undesirable vegetation.

3. Forebays and other localized sediment and
debris traps should be placed immediately
downstream of facility inlets. Where practi-
cal, avoid loose stone, riprap, and other ir-
regularly shaped linings which require hand
removal sediment, trash, and debris. (See A.
BOTTOMS for additional details.)

4. The BMP Treatment Train approach should
be used to minimize sediment entering the fa-
cility. Street sweeping, offsite soil stabiliza-
tion measures, and upstream sedimentation
basins, swales, and other source control
BMPs can significantly reduce the frequency
of required sediment and trash removal op-
erations.

5. To facilitate cleaning, inflow pipes should
be a minimum diameter of 15 inches. The
pipes should be constructed of durable mate-
rials, such as reinforced concrete, ductile iron,
or PVC. Inlet pipes should not have trash
racks placed on them at their outlets into the
pond to prevent plugging of the inlet and wa-
ter backing up into the site drainage system.

6. Grading and landscaping around facility
inlets should be designed to facilitate mow-
ing, trimming, debris removal, and other gen-
eral maintenance tasks. Grassed slopes
which require mowing should not exceed 3
horizontal to 1 vertical. Vegetated cover which
does not require mowing or nonvegetated lin-
ings should be used where steeper slopes are
necessary.

7. Stable areas which provide maintenance
personnel with firm footing should be provided
at facility inlets. Linings such as reinforced
concrete and gabions should be considered.
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8. All nonvegetative linings which are bor-
dered by native grass should be designed to
permit complete mowing along all edges.

9. Dry weather flow from a facility inlet should
not interfere with routine maintenance tasks.
Benching, low flow pipes and channels, drop
structures, or similar measures should be uti-
lized to convey low flow from the inlet to the
principal outlet.

10.7. EMERGENCY OUTLETS

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

Difficult to Clean

Erosion and Scour
Excessive Sedimentation
Displaced Lining

1. Grass and other vegetative cover is en-
couraged whenever flow velocities, soil sta-
bility, and other design constraints permit.
Surface and subsurface soil stabilization mea-
sures should be used to increase allowable
flow velocities and to reduce erosion and
scour. [Note: Safe passage of emergency
overflows and emergency spillway stability
must, however, receive first priority and must
not be compromised by selection of emer-
gency outlet lining.]

2. Where nonvegetative linings are required
(see 1 above), loose stone, riprap, and other
irregular linings which require hand removal
of trash, debris, and undesirable vegetation
should be avoided.

3. All nonvegetative linings which are bor-
dered by grass should be designed to permit
complete mowing along all edges.

4. See B. DAMS, EMBANKMENTS, AND
SIDE SLOPES for information regarding
emergency outlet side slopes.
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10.8. LOW FLOW MEASURES - DRY AND
EXTENDED DRY FACILITIES

Since low flow measures are typically one of
the first facility components to receive sedi-
ment, trash, and debris from incoming runoff,
they usually require a high degree of mainte-
nance Typical problems that impede or un-
necessarily increase proper maintenance in-
clude:

Erosion and Scour
Difficult to Clean or Mow
Settlement

Excessive Sedimentation

However, while attempting to minimize low
flow channel maintenance, care should be
taken to avoid reducing the system’s pollut-
ant removal capabilities.

1. To ensure thorough drying of the facility
bottom, low flow channels should have suffi-
cient capacity to convey the normal, dry
weather discharges from the facility inlets to
the principal outlet structure without overtop-
ping. The resultant channel size should also
consider the use of readily available lining
materials or construction equipment.

2. Design velocities in low flow channels
should be low enough to prevent erosion of
linings.

3. To simplify mowing and minimize trimming,
grass-lined low flow channels are recom-
mended whenever non-erosive velocities,
smooth alignment, and thorough drying be-
tween storm events can be achieved.

4. Where low flow channels with
nonvegetative lining are required, the use of
gabions, concrete, grouted riprap, or other
durable material with a relatively smooth sur-
face is recommended to facilitate trash and
debris removal and simplify mowing and trim-
ming of adjacent grassed areas. Avoid the
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use of loose stone, riprap, and other materi-
als with irregular surfaces which require hand
removal of trash, debris, and undesirable veg-
etation.

In addition, use of low flow channels must be
balanced with the need for pollutant removal
in the facility. Therefore, low flow channels
lined with nonvegetated lining should be used
in conjunction with pretreatment BMPs such
as inlet forebays and/or outlet structure wet-
lands, or the channel's should include portions
with vegetated linings.

5. Low flow channel underdrains connected
to the principal outlet structure or other stable
downstream discharge point are recom-

Sediment and debris can be removed
more easily from low flow channels
lined with concrete or other smooth,
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mended to promote quick, thorough drying of
both the low flow channel and facility bottom.

6. To prevent erosion and scour, bank full
velocities in low flow channels lined with
nonvegetative lining should not exceed the
maximum permissible velocity in adjacent
grassed or vegetated areas. If non-erosive
velocities cannot be achieved, the lining
should be extended into the adjacent areas.
When checking the bank-full velocities, the
effects of submergence by the principal out-
let structure during passage of the bank-full
flow must be considered.

7. To ensure thorough drying of adjacent
grassed areas, low flow channels lined with
concrete, grouted riprap, and other rigid, im-
pervious material should be designed with the
top of the lining at or below the elevation of
adjacent grassed areas. This will also assist
mowing and trimming. To achieve this, con-
sideration should be given to the potential for
settlement of both the impervious lining and
adjacent areas and the effects of frost action
on the lining. Broken stone foundations and
weep holes should be provided for all imper-
vious lining. (See No. 8 below) In addition,
the required depth and width of the low flow
channel must be remembered when prepar-
ing the bottom grading plan.

8. Four inch diameter weep holes should be
provided in all rigid, impervious linings to re-
duce hydrostatic pressure resulting from fluc-
tuating groundwater levels. These weep holes
should be spaced a maximum of 12 feet on
center or one for every 100 square feet of lin-
ing, whichever is less. Weep holes must not
be directly connected to any low flow channel
underdrain pipe. Place geotextile filter fabric
under weepholes.

9. In subsurface facilities, dry weather inflow
should not interfere with routine inspection and
maintenance. Benching, underdrains, drop in-
lets, and other measures should be utilized.
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10.9. VEGETATIVE COVER

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

B Excessive Sedimentation

B Erosion and Scour

B Difficult to Mow

B Poor Growth (traffic, compaction)

1. To minimize maintenance efforts, the use
of existing, undisturbed site vegetation is en-
couraged. To do so, the existing site topog-
raphy must provide adequate storage volume.
Where disturbance of existing vegetation can-
not be avoided, replacement with low main-
tenance, preferable native, vegetation with
strong resistance to disease and allelopathic
(self-weeding) characteristics is encouraged.

In general and where appropriate, turf grass
may be easier to establish and maintain than
other types of ground cover vegetation. How-
ever, pollutant removal efficiency will gener-
ally be reduced. The use of native grass va-
rieties that are relatively slow growing and tol-
erant of poor soil conditions, crown vetch in
the East, will minimize routine maintenance
tasks such as mowing and fertilizing.

The need for supplemental fertilizing can be
substantially reduced when the vegetative
cover includes a percentage of nitrogen-fix-
ing species, such as white clover and other
legumes. In addition to minimizing mainte-
nance costs, a reduction in required fertiliza-
tion will also minimize the potential pollution
effects of nutrients such as nitrogen and phos-
phorus in the outflow.

3. To promote lasting growth, grasses and
other vegetative covers should be compatible
with the prevailing weather and soil conditions
and tolerant of periodic inundation and runoff
pollutants.

4. To promote lasting growth, an adequate
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depth of suitable topsoil should be provided
below all vegetative covers. A minimum thick-
ness of 4-6 inches is recommended for turf
grasses.

5. Construction plans and specifications
should include requirements for establishing
all vegetative covers including requirements
for reseeding or resodding as necessary.

6. Atdry and extended dry detention systems,
the effects of sediment removal from veg-
etated surfaces should be considered in the
selection of appropriate cover.

7. Additional information on vegetative cov-
ers is available from such agencies as the
Natural Resource Conservation Service, lo-
cal Soil Conservation Districts, and County
Cooperative Extension Service offices. Con-
sultation with these agencies during facility
planning, design, and review is encouraged.

10.10. TRASH RACKS

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

B Difficult to Clean
B Difficult to Remove
B Structural Failure
B Excessive Debris

1. Trash racks are intended to prevent trash
and debris from blocking a facility outlet by
intercepting it at an upstream point. There-
fore, the need for a trash rack should be based
upon the relative sizes and shapes of both
the outlet opening and the anticipated debris
as well as the consequences of outlet clog-
ging. Special consideration should be given
to subsurface facilities.

2. For durability, all track rack components,
including bars, hinges, fasteners, and clamps,
should be constructed of lightweight, noncor-
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roding material such as aluminum. The com-
ponents should have sufficient design strength
to withstand anticipated heavy loads caused
by facility outflows, debris, and, where nec-
essary, maintenance personnel.

3. To facilitate cleaning, trash racks should
be comprised primarily of sloping bars, aligned
longitudinally (in the direction of flow). Per-
pendicular bars, aligned transverse to the di-
rection of flow, should be added for strength
and rigidity. These transverse bars should
be located below the top face of the longitudi-
nal bars and, if possible, should be round in
section. See Figure 3-B at the rear of the
chapter for details.

4. To minimize the frequency of cleaning,
trash rack bars should be spaced close
enough to collect debris which may block the
outlet orifice or weir but allow passage of
smaller debris which will not. In general, lon-
gitudinal bars should be spaced a distance
equal to 1/3 to 1/2 the diameter of the outlet
orifice or 1/3 or 1/2 the width or height (which-
ever is less) of the outlet weir. Minimum and
maximum spacings of 1 inch and 6 inches on
center, respectively, are recommended.
Transverse bars should be spaced as neces-
sary for strength and rigidity. See Figure 3-B
for detalils.

Sloping trash rack bars aligned in the
direction of flow are more easily
cleaned. Add transverse bars as

needed for stability.
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5. Trash racks should be sloped and hinged
or attached with noncorroding, removable fas-
teners to allow access to the outlet orifice or
weir by maintenance personnel. Lightweight
trash racks are easier to lift, repair, and clean
behind. See Figure 3-B for details.

Hinged, lightweight trash racks can be
quickly lifted for cleaning and
inspection. Also note outlet orifice
plate mounted to outlet structure wall

with removable anchor bolts.
i s iz Ege

6. Trash racks should be accessible for clean-
ing when the system is dry (at dry and ex-
tended dry facilities) or at normal or perma-

nent pool levels (at wet facilities). In addi-
tion, access should also be provided when the
water level is at the facility’s maximum de-
sign water surface elevation. Stable areas of
adequate size should be provided around a
trash rack to provide firm footing for mainte-
nance personnel and equipment. Concrete
pads of other firm surfaces are recommended.

7. At wet detention systems, stable areas of
adequate size should be provided at all trash
racks which protect permanent pool drains.
Concrete pads or other firm surface is recom-
mended.

10.11. ACCESS

Typical problems that impede or unnecessar-

3-32

ily increase proper maintenance include:

B Inadequate or Unsafe Access to Fa-
cility Components

B Heavy or Inoperable Gratings and
Hatches

B Multiple or Corroded Locks

B Lack of Fence Gates

1. The stormwater facility must be readily ac-
cessible from a street or other public right-of-
way. Inspection and maintenance easements,
connected to the street or right-of-way, should
also be provided around the entire facility. The
exact limits of the easements and right-of-way
should be specified on the project plans and
other appropriate property and legal docu-
ments.

2. Field evaluations indicate that readily vis-
ible detention systems receive more and bet-
ter maintenance than those in less visible,
more remote locations. This finding should
be kept in mind during overall site layout.
Readily visible facilities can also be inspected
faster and more easily by maintenance and
mosquito control personnel.

3. Access roads and gates should be wide
enough to allow passage of necessary main-
tenance vehicles and equipment, including
trucks, backhoes, grass mowers, and mos-
quito control equipment. In general, a mini-
mum right-of-way width of 15 feet and a mini-
mum roadway width of 12 feet is recom-
mended. Access gates should be sited to al-
low vehicles to park off road for gate opening.

4. To facilitate entry, a curb cut should be
provided where an access road meets a
curbed roadway.

5. To allow safe movement of maintenance
vehicles, access ramps should be provided
to the bottoms of all detention systems greater
that 5 feet in depth. Vehicle access ramps
should not exceed 10 percent in grade.
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6. Access roads and ramps should be stable
and suitably lined to prevent rutting and other
damage by maintenance vehicles and equip-
ment.

7. When backing-up is difficult or dangerous,
turnaround areas should be provided at the
end of all access roads.

8. To expedite overall maintenance efforts,
vehicle and equipment staging areas should
be provided at or near each facility site.

9. A suitable number of gates should be pro-
vided in all fences. The gates should be wide
enough to allow passage of necessary equip-
ment and personnel. They should be appro-
priately located so that they can be fully
opened without interference by trees, parked
cars, existing or proposed grades, or other
obstructions. If it is necessary to lock a gate,
it should be done with a noncorroding chain
and padlock. This will permit the installation
of additional padlocks on the chain (each pad-
lock becomes a link in the chain), thereby al-
lowing authorized access through the gate by
more than one person without the need for
multiple keys.

10. Safe, suitable access for maintenance
personnel and equipment should be provided
to the exterior of each facility component. In
doing so, avoid remote component locations,
steep slopes, unstable surfaces and linings,
and narrow walkways.

11. Suitable access should be provided along
both sides of a fence for mowing, trimming,
and fence repair.

12. Safe, suitable access for maintenance
personnel and equipment should be provided
to the interior of the principal outlet. In doing
so, avoid heavy hatches, gratings, and other
covers. Railings, grab rails, slip-resistant
steps, low flow channels, benchings, and
hinged, lightweight access covers greatly fa-
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Successful facility maintenance
demands adequate access for
personnel and equipment. Note both
wide access gate and concrete curbing
that keeps it accessible.

cilitate interior maintenance. Sufficient inte-
rior space should also be provided. A mini-
mum horizontal dimension of 4 feet is recom-
mended.

13. At subsurface detention systems, suit-
able access, observation points, and moni-
toring wells should be provided to allow in-
spection and cleaning. Access should be pro-
vided to all major components, particularly at
inlets and the principal and emergency out-
lets, and wherever sediment deposits are ex-
pected. This will permit sediment and debris
removal through high pressure water spray
and vacuum (e.g., Jet-Vac). All access points
should be at safe locations on the surface
which can be readily accessed, safely barri-
caded, and clearly identified.

Confined space entry considerations must be
considered including:

B proper ventilation

B adequate opening for full protection
devices, etc.
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10.12. PERIMETERS

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

m Difficult to Mow
B |nadequate Size
B Too Close To Adjacent Structures

1. Field evaluations indicate that readily vis-
ible detention systems receive more and bet-
ter maintenance than those in less visible,
more remote locations. This finding should
be kept in mind during overall site layout.
Readily visible facilities can also be inspected
faster and more easily by maintenance and
mosquito control personnel.

2. Fences, when required for safety or other
purposes, should be located to minimize in-
terference with grass mowing and trimming.
Suitable access should be provided along
both sides.

3. To allow safe movement of maintenance
personnel; and equipment, fences should be
located at least 3 feet beyond the top and toe
of any slope steeper than 5 horizontal to 1
vertical.
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4. Fences should be constructed of durable,
vandal-resistant materials. Fences must meet
all local code requirements.

5. To minimize the amount of required trim-
ming, fences in grassed areas should be in-
stalled, whenever practical, with a bottom rail
set high enough above finished grade to al-
low mowing beneath it.

6. Grassed areas beyond the tops of deten-
tion systems should have a minimum slope of
2 percent to promote effective surface drain-
age and thorough drying.

7. Perimeters should be planned and de-
signed to discourage vandalism and dump-
ing of trash and debiris.

8. Facility perimeters should be large enough
to allow movement and operation of mainte-
nance and mosquito control equipment. A
minimum perimeter width of 25 feet between
the facility and adjacent structures is recom-
mended along at least one side of the facility.
This portion of the perimeter should be readily
accessible from a street or other public right-
of-way.

Lack of access
prevents
maintenance.
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Planning and Design Considerations

11. DESIGN GUIDELINES FOR INFILTRATION PRACTICES

11.1. INTRODUCTION

The following technical design guidelines are
intended to help planners, designers, and re-
viewers produce stormwater infiltration facili-
ties that require minimum levels of mainte-
nance. Typical infiltration practices include:

Infiltration Basins
Infiltration Swales
Infiltration Trench
Drywells
Seepage Pits

To help accomplish this minimum mainte-
nance goal, the design guidelines have been
developed to:

1. Eliminate avoidable maintenance
inspections, tasks, and problems.

2. Minimize the long term amount of
regular facility maintenance.

3. Facilitate required maintenance
inspection and tasks.

4. Reduce the potential for extensive,
expensive, and often difficult remedial
or emergency maintenance efforts.

It is important to note that these design
guidelines are intended to supplement all
other applicable facility design standards
and requirements, including those pertain-
ing to a facility’s hydrologic, hydraulic,
structural, geotechnical, environmental,
legal, and aesthetic aspects. As such, they
should be used creatively with all other
applicable standards and requirements to
produce stormwater infiltration facilities
that require optimum levels of mainte-
nance performed with the least practical
effort, time, and expense. Those involved

with the planning, design, and review of spe-
cific stormwater management systems must
assume their share of the responsibility for a
system's performance, longevity, and safety.

To assist in their use, the technical design
guidelines are presented separately for each
major facility component as listed in Table 3-
1. Complete descriptions of each type of in-
filtration practice is presented in Chapter 2.

Descriptions of typical maintenance problems
encountered at each facility component are
also described. These descriptions, which
have been based upon facility inspections and
interviews with maintenance personnel, high-
light the types of maintenance problems that
the design guidelines are intended to prevent
or minimize. They should serve to further
stimulate planners, designers, and reviewers
to develop additional, improved, and/or site-
specific designs.

11.2. BOTTOMS

In a study performed by the N.J. Department
of Environmental Protection, the bottoms of
infiltration basins and swales were the most
likely location of chronic maintenance prob-
lems. Typical problems that impede or un-
necessarily increase proper maintenance in-
clude:

Standing Water

Soggy Surfaces

Poor Grass Growth
Excessive Sedimentation
Limited Access

1. The infiltration rate of the soil will deter-
mine a site’s suitability as an infiltration sys-
tem. In general, infiltration practices should
only be constructed in areas of Hydrologic Soil
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Group A or B as defined by the Natural Re-
source Conservation Service. Borings, test
pits, and other appropriate field tests should
be taken of the system’s surface and subsur-
face soils. In subsurface facilities (e.g., dry
wells, seepage pits, infiltration trenches) which
are enveloped by geotextile or filter fabric, the
limiting infiltration rate of the facility may be
dictated by the fabric instead of the surround-
ing soil. See Chapter 2 for additional recom-
mendations regarding the selection of appro-
priate design infiltration rates for different
types of infiltration practices.

2. To provide adequate drying time, to avoid
delaying scheduled maintenance efforts, to
avoid anaerobic conditions, and to prevent
mosquito breeding, the maximum storage or
ponding duration should not exceed 24-48
hours, depending on the tolerance of the
system's vegetation to wetness.

3. To promote complete infiltration and pre-
vent standing water or soggy surfaces, the
lowest point in the bottom of the facility should
be at least 4 feet above the seasonally high
ground water level or bedrock. Subsurface
drains may be used to lower ground water lev-
els and/or promote complete infiltration. (See
No. 4 below.) In determining the seasonally
high ground water level, the extent of poten-
tial local ground water mounding due to the
infiltration of stormwater from the facility must
be evaluated.

4. To promote complete infiltration and pre-
vent standing water or soggy surfaces, bot-
toms should have a minimum slope of 1 per-
cent directed towards the center or other area
of the facility bottom. It is recommended that
bottoms be vegetated as the roots help to
maintain soil permeability and the vegetation
helps to minimize the potential for ground wa-
ter contamination. A gabion-lined or stone-
filled trench can be used to help promote in-
filtration. This trench should be located at the
lowest point in the bottom and extend to all
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inlet points in order to direct small or dry
weather inflows to the basin bottom. The el-
evation of the trench bottom should be at least
4 feet above the seasonally high ground wa-
ter level or bedrock. See Figure 3-C at the
rear of the chapter for details.

5. To avoid delaying scheduled maintenance
efforts, topsoils should be sufficiently perme-
able to allow thorough drying through evapo-
ration and moisture uptake by vegetative cov-
ers.

6. In order to prevent sloughing caused by
outflow seepage of infiltrated water, an infil-
tration system should not be located on or near
a steep slope. In general, a facility should
not be constructed where nearby slopes ex-
ceed 15 percent. Appropriate geotechnical
analyses should be conducted when neces-
sary.

7. Sediment from construction operations can
quickly clog soil pores of an infiltration sys-
tem, often necessitating expensive mainte-
nance work even before the facility is placed
into normal operation. Therefore, an infiltra-
tion system should not be used for sediment
control purposes during construction and, con-
sequently, should not be constructed until the
upstream drainage area is fully developed and
adequately stabilized. If that is not feasible,
the facility should not be excavated to it's full
depth until all disturbed areas have been sta-
bilized or protected. Thereatfter, final exca-
vation to finished grade should also include
removal of all deposited sediment. Under no
circumstances should a subsurface infiltration
facility (e.g., drywell, seepage pit, infiltration
trench, etc.) be used for sediment control dur-
ing construction.

8. During construction, heavy equipment
should not be allowed on the facility bottom.
Compaction of the natural subgrade can seri-
ously impair the infiltration rate.
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9. As an alternative cover, a 12 inch layer of
filter material, such as coarse sand, may be
considered in the facility bottom. This layer
of material can be cleaned of sediment or re-
placed as necessary. Prior to the selection of
this alternative material, such factors as aes-
thetics, weed growth, and movement of main-
tenance personnel and equipment about the
bottom must be considered. See Figure 3-D
at the rear of the chapter for details.

10. To minimize routine grass maintenance
such as mowing and fertilizing, the use of na-
tive grass varieties that are relatively slow
growing and tolerant of poor soil conditions
are encouraged. Information on these and
other grass varieties and mixtures are avail-
able from the local Cooperative Extension Ser-
vice or Soil Conservation District. (See E.
VEGETATIVE COVER for additional details.)

11. To promote lasting growth, grasses and
other vegetative covers should be compatible
with the prevailing weather and soil conditions
and tolerant of periodic inundation and harm-
ful runoff pollutants. (See E. VEGETATIVE
COVER for additional details.)

12. To facilitate removal efforts, sedimenta-
tion should be promoted at localized, readily
accessible areas. Swale conveyances and
sediment traps or forebays at inflow and out-

Forebays trap sediment and debris
before it enters the facility in areas that
can be more readily cleaned.
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flow points should be used. Those lined com-
pletely or partially with smooth materials such
as reinforced concrete can be more readily
cleaned. For these reasons, the exclusive use
of loose stone, riprap, and other irregular lin-
ings which require manual removal of weeds,
sediment, and debris should be avoided wher-
ever possible.

13. Suitable access for maintenance person-
nel and equipment should be provided to the
facility bottom. (See F. ACCESS for details.)

Access to all areas of the facility by
both personnel and equipment is vital

to successful maintenance.

tpid T
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14. All nonvegetative linings which are bor-
dered by grass should be designed to permit
complete mowing along all edges.

15. Temporary emergency measures such as
pumps should be provided to drain standing
water from malfunctioning infiltration practices.

16. |If feasible, alternative outlet measures
should be designed to permanently convert
an infiltration system to a detention facility if
necessary due to loss of infiltration capacity.
If practical, these alternative outlet measures
should be included in the facility’s original con-
struction.

17. At subsurface infiltration facilities, suit-
able access, observation points, and/or moni-
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toring wells, should be provided to facilitate
inspection and cleaning. (See F. ACCESS
for additional details.)

18. Wherever possible, sediment disposal
and storage areas should be provided adja-
cent to the facility. These areas should opti-
mally be designed to contain 2 years or more
of removed sediment.

11.3. DAMS, EMBANKMENTS, AND SIDE
SLOPES

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

B Steep Slopes

B Long Slopes

B Poor Grass Growth

B Sloughing and Erosion

1. For safe movement of maintenance per-
sonnel and safe operation of equipment, side
slopes greater than 5 feet in height should
not be steeper than 4 horizontal to 1 vertical.
Side slopes less than 5 feet high should not
exceed 3 horizontal to 1 vertical. Flatter side
slopes are recommended wherever possible.

2. For safe movement of maintenance per-
sonnel and safe operation of equipment, side
slopes steeper than 5 to 1 and higher than 15
feet should be terraced at their midpoints. The
terrace should have a minimum width of 3 feet
and should be graded at 2 percent towards
the lower half of the slope.

3. Suitable access to and along side slopes
should be provided for maintenance person-
nel and equipment. (See F. ACCESS for de-
tails.)

4. Topsoil and vegetative covers must be pro-
tected from erosion caused by local runoff and
the slope’s steepness. Surface and subsur-
face soil stabilization measures or
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nonvegetated linings should be used as nec-
essary. In doing so, avoid the use of loose
stones, riprap, and other irregular lining ma-
terials which require hand removal of weeds
and debris and may be a hazard to mainte-
nance personnel walking on the slope.

5. All nonvegetative linings which are bor-
dered by grass should be designed to permit
complete mowing along all edges. The use of
herbicides is discouraged unless done by
trained applicators.

6. The effects of rapid pool drawdown should
be checked to prevent side slope sloughing.

7. For safe movement of maintenance per-
sonnel and safe operation of equipment,
fences should not be constructed within 3 feet
of either the top or toe of any side slope that
exceeds 5 horizontal to 1 vertical.

Adequate distance should be provided
between the top of a slope and
adjacent structures such as fences,
walls, curbs, or roadways.

11.4.

INLETS

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

B Difficult to Clean
Erosion and Scour
Excessive Sedimentation
Displaced Lining
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1. The number of inlets to an infiltration sys-
tem should be kept to a minimum. This will
minimize the amount of required downstream
lining, forebays, and low flow channels. All
inflow pipes and culverts should terminate at
a headwall or flared end section with adequate
cutoff walls. Inlets should be located to pre-
vent or minimize flow short-circuiting. How-
ever, short circuiting is not an issue if the de-
vice is fully retentive. It is an issue if it is a
retention/detention situation.

Facility inlets must terminate with a
headwall or flared end section to
prevent scour and provide stability.

i ¥

2. Linings placed downstream of facility in-
lets should accommodate design flows with-
out erosion or scour. They should also facili-
tate removal of sediment, trash, debris, and
undesirable vegetation.

3. Forebays and other localized sediment and
debris traps should be placed immediately
downstream of facility inlets. Where practi-
cal, avoid loose stone, riprap, and other ir-
regularly shaped linings which require hand
removal sediment, trash, and debris. (See A.
BOTTOMS for additional details.)

4. The BMP Treatment Train approach should
be used to minimize sediment entering the fa-
cility should be considered. Street sweeping,
offsite soil stabilization measures, and
upsteam sedimentation basins, swales, and
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other source control BMPs can significantly
reduce the frequency of required sediment
and trash removal operations.

5. To facilitate cleaning, inflow pipes should
be a minimum diameter of 15 inches. The
pipes should be constructed of durable mate-
rials, such as reinforced concrete.

6. Grading and landscaping around facility
inlets should be designed to facilitate mow-
ing, trimming, debris removal, and other gen-
eral maintenance tasks. Grassed slopes
which require mowing should not exceed 3
horizontal to 1 vertical. Vegetated cover which
does not require mowing or nonvegetated lin-
ings should be used where steeper slopes are
necessary.

7. Stable areas which provide maintenance
personnel with firm footing should be provided
at facility inlets. Linings such as reinforced
concrete and gabions should be considered.

8. All nonvegetative linings which are bor-
dered by grass should be designed to permit
complete mowing along all edges.

9. Dry weather flow from a facility inlet should
not interfere with routine maintenance tasks.
Benching, low flow pipes and channels, drop
structures, or similar measures should be uti-
lized to convey low flow from the inlet to the
principal outlet.

11.5. EMERGENCY OUTLETS

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

Difficult to Clean

Erosion and Scour
Excessive Sedimentation
Displaced Lining
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1. Grass and other vegetative cover is en-
couraged whenever flow velocities, soil sta-
bility, and other design constraints permit.
Surface and subsurface soil stabilization mea-
sures should be used to increase allowable
flow velocities and to reduce erosion and
scour. [Note: Safe passage of emergency
overflows and emergency spillway stability
must, however, receive first priority and must
not be compromised by selection of emer-
gency outlet lining.]

2. Where nonvegetative linings are required
(see 1 above), loose stone, riprap, and other
irregular linings which require hand removal
of trash, debris, and undesirable vegetation
should be avoided.

3. All nonvegetative linings which are bor-
dered by grass should be designed to permit
complete mowing along all edges.

4. See B. DAMS, EMBANKMENTS, AND
SIDE SLOPES for information regarding
emergency outlet side slopes.

11.6. VEGETATIVE COVER

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

Excessive Sedimentation
Erosion and Scour
Difficult to Mow

Poor Growth

1. To minimize maintenance efforts, the use
of existing, undisturbed site vegetation is en-
couraged. To do so, the existing site topog-
raphy must provide adequate storage volume.
Where disturbance of existing vegetation can-
not be avoided, replacement with low mainte-
nance, preferably native, vegetation with
strong resistance to disease and allelopathic
(self-weeding) characteristics is encouraged.
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In general and where appropriate, turf grass
may be easier to establish and maintain than
other types of ground cover vegetation. The
use of grass varieties that are relatively slow
growing and tolerant of poor soil conditions
will minimize routine maintenance tasks such
as mowing and fertilizing.

The need for supplemental fertilizing can be
substantially reduced when the vegetative
cover includes a percentage of nitrogen-fix-
ing species, such as white clover and other
legumes. In addition to minimizing mainte-
nance costs, a reduction in required fertiliza-
tion will also minimize the potential pollution
effects of nutrients such as nitrogen and phos-
phorus in the outflow.

3. To promote lasting growth, grasses and
other vegetative covers should be compatible
with the prevailing weather and soil conditions
and tolerant of periodic inundation and runoff
pollutants.

4. To promote lasting growth, an adequate
depth of suitable topsoil should be provided
below all vegetative covers. A minimum thick-
ness of 6 inches is recommended for turf
grasses.

5. Construction plans and specifications
should include requirements for establishing
all vegetative covers.

6. The effects of sediment removal from veg-
etated surfaces should be considered in the
selection of appropriate cover.

7. Additional information on vegetative cov-
ers is available from such agencies as the
Natural Resource Conservation Service, lo-
cal Soil Conservation Districts, and County
Cooperative Extension Service offices. Con-
sultation with these agencies during facility
planning, design, and review is encouraged.
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11.7. ACCESS

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

B Inadequate or Unsafe Access to
Facility Components

B Heavy or Inoperable Gratings and
Hatches

B Multiple or Corroded Locks

B Lack of Fence Gates

1. The facility must be readily accessible from
a street or other public right-of-way. Inspec-
tion and maintenance easements, connected
to the street or right-of-way, should also be
provided around the entire facility. The exact
limits of the easements and right-of-way
should be specified on the project plans and
other appropriate property and legal docu-
ments and be of sufficient size to handle main-
tenance equipment.

2. Field evaluations indicate that readily vis-
ible infiltration practices receive more and bet-
ter maintenance than those in less visible,
more remote locations. This is especially true
for infiltration systems that are integrated into
a site's overall landscaping plan or where they
are used for recreation. These findings
should be kept in mind during overall site lay-
out. Readily visible facilities can also be in-
spected faster and more easily by mainte-
nance and mosquito control personnel.

3. Access roads and gates should be wide
enough to allow passage of necessary main-
tenance vehicles and equipment, including
trucks, backhoes, grass mowers, and mos-
quito control equipment. In general, a mini-
mum right-of-way width of 15 feet and a mini-
mum roadway width of 12 week is recom-
mended.

4. To facilitate entry, a curb cut should be
provided where an access road meets a
curbed roadway.
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5. To allow safe movement of maintenance
vehicles, access ramps should be provided
to the bottoms of all infiltration facilities greater
that 5 feet in depth. Vehicle access ramps
should not exceed 10 percent in grade.

6. Access roads and ramps should be stable
and suitably lined to prevent rutting and other
damage by maintenance vehicles and equip-
ment.

7. When backing-up is difficult or dangerous,
turnaround areas should be provided at the
end of all access roads.

8. To expedite overall maintenance efforts,
vehicle and equipment staging areas should
be provided at or near each facility site.

9. A suitable number of gates should be pro-
vided in all fences. The gates should be wide
enough to allow passage of necessary equip-
ment and personnel. They should be appro-
priately located so that they can be fully
opened without interference by trees, parked
cars, existing or proposed grades, or other
obstructions. If it is necessary to lock a gate,
it should be done with a noncorroding chain
and padlock. This will permit the installation
of additional padlocks on the chain (each pad-
lock becomes a link in the chain), thereby al-
lowing authorized access through the gate by

Successful facility maintenance demands
adequate access for personnel and
equipment. Note wide access gate and
concrete curbing that keeps it accessible.
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more than one person without the need for
multiple keys.

10. Safe, suitable access for maintenance
personnel and equipment should be provided
to the exterior of each facility components. In
doing so, avoid remote component locations,
steep slopes, unstable surfaces and linings,
and narrow walkways.

11. Suitable access should be provided along
both sides of a fence for mowing, trimming,
and fence repair.

12. At subsurface infiltration facilities, suit-
able access, observation points, and moni-
toring wells should be provided to allow in-
spection and cleaning. Access should be pro-
vided to all major components, particularly at
inlets and emergency outlets, and wherever
sediment deposits are expected. This will
permit sediment and debris removal through
high pressure water spray and vacuum (e.g.,
Jet-Vac). All access points should be at safe
locations on the surface which can be readily
accessed, safely barricaded, and clearly iden-
tified.

11.8. PERIMETERS

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

® Difficult to Mow
B Inadequate Size
B Too Close To Adjacent Structures

1. Field evaluations indicate that readily vis-
ible and multipurpose infiltration practices re-
ceive more and better maintenance than those
in less visible, more remote locations. This
finding should be kept in mind during overall
site layout. Readily visible facilities can also
be inspected faster and more easily by main-
tenance and mosquito control personnel.
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2. Fences, when required for safety or other
purposes, should be located to minimize in-
terference with grass mowing and trimming.
Suitable access should be provided along
both sides.

3. To allow safe movement of maintenance
personnel and equipment, fences should be
located at least 3 feet beyond the top and toe
of any slope steeper than 5 horizontal to 1
vertical.

4. Fences should be constructed of durable,
vandal-resistant materials. Fences must meet
all local code requirements.

5. To minimize the amount of required trim-
ming, fences in grassed areas should be in-
stalled, whenever practical, with a bottom rail
set high enough above finished grade to al-
low mowing beneath it.

6. Grassed areas beyond the tops of infiltra-
tion systems should have a minimum slope of
2 percent to promote effective surface drain-
age and thorough drying.

7. Perimeters should be planned and de-
signed to discourage vandalism and dump-
ing of trash and debiris.

8. Facility perimeters should be large enough
to allow movement and operation of mainte-
nance and mosquito control equipment. A
minimum perimeter width of 25 feet between
the facility and adjacent structures is recom-
mended along at least one side of the facility.
This portion of the perimeter should be readily
accessible from a street or other public right-
of-way.
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Planning and Design Considerations

12. DESIGN GUIDELINES FOR FILTRATION AND
BIOFILTRATION PRACTICES

12.1 INTRODUCTION

The following technical design guidelines are
intended to help planners, designers, and re-
viewers produce stormwater filtration and bio-
filtration facilities that require minimum levels
of maintenance. Typical practices include:

Sand Filters

Peat Filters
Constructed Wetlands
Wet and Dry Swales
Vegetated Buffer Strips

In should be noted that, in many instances,
filtration and biofiltration practices are often
used in combination with or as an integral part
of other types of stormwater management fa-
cilities. For example, an extended dry deten-
tion basin may include a constructed wetland
over all or portions of its bottom. In such
cases, the reader should also refer to the de-
sign recommendations for those facilities pre-
sented in this chapter.

To help accomplish the minimum maintenance
goal described above, the design guidelines
have been developed to:

1. Eliminate avoidable maintenance
inspections, tasks, and problems.

2. Minimize the long term amount of
regular facility maintenance.

3. Facilitate required maintenance
inspection and tasks.

4. Reduce the potential for extensive,
expensive, and often difficult remedial
or emergency maintenance efforts.

It is important to note that the design guide-
lines are intended to supplement all other ap-

plicable facility design standards and require-
ments, including those pertaining to a facility’s
hydrologic, hydraulic, structural, geotechnical,
environmental, legal, and aesthetic aspects.
As such, they should be used creatively with
all other applicable standards and require-
ments to produce filtration and biofiltration
systems that require optimum levels of main-
tenance performed with the least practical ef-
fort, time, and expense. Those involved with
the planning, design, and review of specific
stormwater management systems must as-
sume their share of the responsibility for a
system's performance, longevity, and safety.

To assist in their use, the technical design
guidelines are presented separately for each
major facility component as listed in Table 3-
1. Complete descriptions of each type of fa-
cility or practice is presented in Chapter 2.

Descriptions of typical maintenance problems
encountered at each facility component are
also described. These descriptions, which
have been based upon facility inspections and
interviews with maintenance personnel, high-
light the types of maintenance problems that
the design guidelines are intended to prevent
or minimize. They should serve to further
stimulate planners, designers, and reviewers
to develop additional, improved, and/or site-
specific designs.

12.2. BOTTOMS

Due to their wide variability, the bottoms of
filtration and biofiltration practices may range
from the reinforced concrete bottom of a sub-
surface sand filter to a wetland to the grass in
a filter or buffer strip. Therefore, the direct
applicability of the design guidelines pre-
sented below will depend upon the type of fil-
tration or biofiltration BMP under design. To

3-43



Operation, Maintenance, and Management of Stormwater Systems

assist in their use, the following design guide-
lines for bottoms will address both dry (e.qg.,
filter strip) and wet (e.g., constructed wet-
lands) practices.

Typical problems that impede or unnecessar-
ily increase proper facility maintenance in-
clude:

B Standing Water (in Dry Systems)

B Soggy Surfaces (in Dry Systems)

B Lack of Permanent Pool (in Wet Sys-
tems)

B Poor Grass Growth

B Excessive Sedimentation

B Limited Access

1. To promote complete emptying and pre-
vent standing water or soggy surfaces in dry
systems, vegetated bottoms should have ad-
equate bottom slope and be graded to the
outlet. In selecting a bottom, care must also
be taken not to exceed the slopes required
for adequate pollutant removal. If a reason-
able compromise cannot be achieved, another
type of stormwater management practice
should be considered.

2. To promote complete emptying and pre-
vent standing water or soggy surfaces in dry-
type facilities, the lowest point in the bottom
should be at least 4 feet above the season-
ally high groundwater level or bedrock unless
adequate subsurface drains are provided.

3. To provide adequate drying time in dry
practices, to avoid anaerobic conditions, to
avoid delaying scheduled maintenance ef-
forts, and to prevent mosquito breeding, the
maximum wet or ponding duration should not
exceed 24-48 hours, depending on the toler-
ance of the vegetation to wetness.

4. To avoid delaying scheduled maintenance
efforts in dry facilities, topsoils and subsur-
face soils should be sufficiently permeable to
allow both rapid infiltration and evaporation.
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5. In dry systems, subsurface drains con-
nected to the principal outlet structure or other
discharge point are encouraged to promote
quick and thorough drying of the facility bot-
tom. In doing so, care should be taken to pre-
vent stormwater inflow from inadvertently by-
passing the basin’s outlet controls.

6. To minimize routine grass maintenance
such as mowing and fertilizing in dry systems
such as filter and buffer strips, the use of na-
tive grass varieties that are relatively slow
growing and tolerant of poor soil conditions
are encouraged. Information on grass variet-
ies and mixtures are available from agencies
such as the local Cooperative Extension Ser-
vice or Soil Conservation District. (See |.
VEGETATIVE COVER for additional details.)

7. To promote lasting growth in dry systems,
grasses and other vegetative covers should
be compatible with the prevailing weather and
soil conditions and tolerant of periodic inun-
dation and runoff pollutants. (Seel. VEGETA-
TIVE COVER for additional details.)

8. To facilitate removal efforts, sedimentation
should be promoted at localized, readily ac-
cessible areas. Sediment traps or forebays
at inflow and outflow points should always be
used. Those lined completely or partially with
smooth materials such as reinforced concrete

Forebays trap sediment and debris
before it enters the facility in areas
that can be more readily cleaned.
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can be more readily cleaned. For these rea-
sons, the exclusive use of loose stone, riprap,
and other irregular linings which require
manual removal of weeds, sediment, and de-
bris should be avoided wherever possible.

9. Wherever possible, sediment disposal and
storage areas should be provided adjacent to
the facility. These areas should optimally be
designed to contain 2 years or more of re-
moved sediment.

10. Suitable access for maintenance person-
nel and equipment should be provided to the
facility bottom. (See I. ACCESS for details.)

Access to all areas of the facility by
both personnel and equipment is vital
to successful mamtenance

I

11. Construction plans and specifications
should include provisions that minimize the
potential for localized settlement and subse-
guent ponding. These provisions include
proper surface and subsurface soil charac-
teristics, compaction requirements, grading
equipment, and erosion control prior to the
establishment or permanent vegetative cover.

12. All nonvegetative linings which are bor-
dered by grass should be designed to permit
complete mowing along all edges.

13. At subsurface filtration facilities such as
sand filters, suitable access, observation
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points, clean out ports, and/or monitoring
wells should be provided to facilities inspec-
tion and cleaning. (See |l. ACCESS for addi-
tional details.)

14. Design of a biofiltration facility such as a
constructed wetland should include the de-
termination of the proposed site’s ability to ad-
equately support a viable and desired eco-
system. The design should account for such
factors as the required rate and quality of dry
weather inflow, the quality of stormwater in-
flow, seasonal and longer term variations in
the ground water table, and the effects of ex-
pected sediment and other pollutant loadings.

15. Provisions to drain the permanent pool of
wet systems (or the standing water chambers
of a subsurface sand filter) are necessary for
maintenance and safety. A gravity drain is
the preferred method. If this is not feasible,
suitable pumps and both primary and backup
power sources should be provided. All pumps
and backup power sources should be re-
served for facility use only.

16. To promote complete emptying of the per-
manent pool when necessary, the bottom
should have an adequate slope graded to the
outlet drain or pump intake.

12.3. DAMS, EMBANKMENTS, AND SIDE
SLOPES

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

B Steep Slopes

B Long, Continuous Slopes

B Poor Grass Growth

B Sloughing and Erosion

1. For safe movement of maintenance per-
sonnel and safe operation of equipment, side
slopes greater that 5 feet in height should not
be steeper than 4 horizontal to 1 vertical. Side
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slopes less that 5 feet high should not exceed
3 horizontal to 1 vertical. Flatter side slopes
are recommended wherever possible.

2. Suitable access to and along side slopes
should be provided for maintenance person-
nel and equipment. (See |. ACCESS for de-
tails.)

3. Topsoil and vegetative covers must be pro-
tected from erosion caused by local runoff and
the slope’s steepness. Surface and subsur-
face soil stabilization measures or
nonvegetated linings should be used as nec-
essary. In doing so, avoid the use of loose
stones, riprap, and other irregular lining ma-
terials which require hand removal of weeds
and debris and may be a safety hazard to
maintenance personnel walking along or up
the slope.

4. All nonvegetative linings which are bor-
dered by grass should be designed to permit
complete mowing along all edges.

5. For safe movement of maintenance per-
sonnel and safe operation of equipment,
fenced should not be constructed within 3 feet
of either the top or toe of any side slope that
exceeds 5 horizontal to 1 vertical.

Adequate distance should be
provided between the top of a slope
and adjacent structures such as
fences, walls, curbs, and roadways..

I
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12.4. PRINCIPAL OUTLETS

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

Structural Deterioration

Limited Access

Corroded Appurtenances
Vandalism

Excessive Debris Accumulation

1. For durability, principal outlet structures
should be constructed of reinforced concrete
containing Type Il cement and having a mini-
mum specified 28-day compressive strength
of 3,000 PSI. Concrete shall be designed in
accordance with all applicable codes and re-
quirements.

2. For durability, all appurtenances, includ-
ing access hatches, trash racks, gratings, rail-
ings, orifice and weir plates, and fasteners
should be constructed of lightweight, noncor-
roding materials. Material strengths should
be sufficient to withstand design loads with-
out damage or failure.

3. Outlet orifice and weir plates should be
constructed from aluminum or other light-
weight, noncorroding material. The plates
should be fastened to the structure with non-
corroding, removable fasteners. A gasket of
neoprene or similar material should be placed
between the plate and the structure wall. The
opening in the structure wall over which the
plate is bolted should have at least twice the
area of the outlet orifice or weir to facilitate
field adjustments and future expansion. See
Figure 3-A at the rear of the chapter for de-
tails.

4. To facilitate access and movement by main-
tenance personnel, principal outlet structures
should have a minimum horizontal interior di-
mension of 4 feet. (See I. ACCESS for addi-
tional details.)
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Outlet structure gratings, trash racks,
and other appurtenances should be
lightweight, durable, and removable.

5. Vital parts of the principal outlet structure
should be readily and safely accessible to
maintenance personnel during both normal
and emergency conditions. Temporary mea-
sures such as ladders are only acceptable for
emergency conditions such as part of an ap-
proved emergency action plan. (See I. AC-
CESS for additional details.)

6. To minimize both required maintenance
and the consequences of inadequate mainte-
nance, principal outlets should avoid using
moving or mechanized parts for outflow con-
trol whenever possible.

7. To facilitate cleaning, outlet pipes should
have a minimum diameter of 15 inches. The
pipes should be constructed of durable mate-
rials, such as reinforced concrete. To mini-
mize potential leakage problems, the number
of outlet pipe should be kept to an absolute
minimum. More than one outlet pipe should
be used only where unavoidable. All outlet
pipes must be watertight under the maximum
expected head or pressure.

8. Constructed wetlands and some filter sys-
tems often have a small orifices or a series of
small orifices as part of the outlet structure.
These are used to slowly bleed down the
stormwater treatment volume. Innovative de-
signs are needed to minimize their potential
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for clogging. Successful designs have in-
cluded inverted siphons and half of a corru-
gated metal pipe, filled with large gravel, and
placed in front of the orifices.

9. Grading and landscaping around princi-
pal outlet structures should be designed to
facilitate mowing, trimming, debris removal,
and other general maintenance tasks.
Grassed slopes which require mowing should
not exceed 3 horizontal to 1 vertical. Veg-
etated cover which does not require mowing
or nonvegetated linings should be used where
steeper slopes are necessary.

10. Stable areas that provide maintenance
personnel with firm footing should be provided
at the upstream face of principal outlet struc-
tures at dry and extended dry facilities. Lin-
ings such as reinforced concrete, gabions,
and grouted riprap should be considered.

11. All nonvegetative linings which are bor-
dered by grass should be designed to permit
complete mowing along all edges.

12. Dry weather flow through a principal out-
let structure should not interfere with routine
interior maintenance tasks. Benching, low
flow pipes and channels, drop structures, or
similar measures should be utilized to con-
vey low flow into and through the structure.

13. Principal outlet structures should be de-
signed to discourage vandalism and graffiti.

12.5. OUTFLOW SYSTEMS

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

Difficult to Clean

Erosion and Scour
Excessive Sedimentation
Displaced Lining
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1. The outflow conveyance system down-
stream of a filtration or biofiltration system
should have adequate capacity to accommo-
date its outflows. This will not only allow de-
sign outflows and water surfaces to be at-
tained, but will also help achieve required
drawdown and emptying times.

2. Outflow velocities should be high enough
to prevent sedimentation and low enough to
prevent erosion and scour.

3. Manholes, grates and other suitable ac-
cess points should be provided for cleaning
and inspection. (Seel. ACCESS for additional
details.)

12.6. INLETS
Typical problems that impede or unnecessar-
ily increase proper maintenance include:

Difficult to Clean

Erosion and Scour
Excessive Sedimentation
Displaced Lining

1. The number of inlets to a filtration or biofiltra-
tion system should be kept to a minimum. This
will minimize the amount of required downstream
lining, forebays, and low flow channels. All in-
flow pipes and culverts should terminate at a
headwall or flared end section with adequate
cutoff walls. Inlets should be located to prevent
or minimize flow short-circuiting.

2. Linings placed downstream of facility in-
lets should accommodate design flows with-
out erosion or scour. Flow spreaders will help
distribute flow at a shallow depth more uni-
formly over the facility bottom. They should
also facilitate removal of sediment, trash, de-
bris, and undesirable vegetation.

3. Forebays and other localized sediment and
debris traps should be placed immediately
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Facility inlets must terminate with a
headwall or flared end section to
prevent scour and provide stability.

downstream of facility inlets. Where practi-
cal, avoid loose stone, riprap, and other ir-
regularly shaped linings which require hand
removal sediment, trash, and debris. (See A.
BOTTOMS for additional details.) Forebay
outlets can also be used to distribute inflows
more uniformly over the facility bottom.

4. The BMP Treatment Train approach should
be used to minimize sediment, trash, and
other debris from entering the system. Street
sweeping, offsite soil stabilization measures,
and upsteam sedimentation basins, swales,
and other source control BMPs can signifi-
cantly reduce the frequency of required sedi-
ment or debris removal operations.

5. To facilitate cleaning, inflow pipes should
be a minimum diameter of 15 inches. The
pipes should be constructed of durable mate-
rials, such as reinforced concrete.

6. Grading and landscaping around facility
inlets should be designed to facilitate mow-
ing, trimming, debris removal, and other gen-
eral maintenance tasks. Grassed slopes
which require mowing should not exceed 3
horizontal to 1 vertical. Vegetated cover which
does not require mowing or nonvegetated lin-
ings should be used where steeper slopes are
necessary.
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7. Stable areas which provide maintenance
personnel with firm footing should be provided
at facility inlets. Linings such as reinforced
concrete and gabions should be considered.

8. All nonvegetative linings which are bor-
dered by grass should be designed to permit
complete mowing along all edges.

9. Dry weather flow from a facility inlet should
not interfere with routine maintenance tasks.
Benching, low flow pipes and channels, drop
structures, or similar measures should be uti-
lized to convey low flow from the inlet to the
principal outlet.

12.7. EMERGENCY OUTLETS

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

Difficult to Clean

Erosion and Scour
Excessive Sedimentation
Displaced Lining

1. Grass and other vegetative cover is en-
couraged whenever flow velocities, soil sta-
bility, and other design constraints permit.
Surface and subsurface soil stabilization mea-
sures should be used to increase allowable
flow velocities and to reduce erosion and
scour. [Note: Safe passage of emergency
overflows and emergency spillway stability
must, however, receive first priority and must
not be compromised by selection of emer-
gency outlet lining.]

2. Where nonvegetative linings are required
(see 1 above), loose stone, riprap, and other
irregular linings which require hand removal
of trash, debris, and undesirable vegetation
should be avoided.

3. All nonvegetative linings which are bor-
dered by grass should be designed to permit
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complete mowing along all edges.

4. See B. DAMS, EMBANKMENTS, AND
SIDE SLOPES for information regarding
emergency outlet side slopes.

12.8. VEGETATIVE COVER

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

Excessive Sedimentation

Erosion and Scour

Difficult to Mow

Poor Growth (traffic, compaction)
Invasion by undesirable species

1. To minimize maintenance efforts, the use
of existing, undisturbed site vegetation is en-
couraged. To do so, the existing site topog-
raphy must provide adequate storage volume.
Where disturbance of existing vegetation can-
not be avoided, replacement with low mainte-
nance vegetation with strong resistance to
disease and allelopathic (self-weeding) char-
acteristics is encouraged.

For dry swales and vegetated buffers, turf
grass may be easier to establish and main-
tain than other types of ground cover vegeta-
tion. The use of native grass varieties that
are relatively slow growing and tolerant of poor
soil conditions will minimize routine mainte-
nance tasks such as mowing and fertilizing.
For constructed wetlands and wet swales,
wetland aquatic plants are most appropriate.
Specific recommendations regarding vegeta-
tion is presented in Chapter 2.

The need for supplemental fertilizing can be
substantially reduced when the vegetative
cover includes a percentage of nitrogen fix-
ing species, such as white clover and other
legumes. In addition to minimizing mainte-
nance costs, a reduction in required fertiliza-
tion will also minimize the potential pollution
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effects of nutrients such as nitrogen and phos-
phorus in the outflow.

3. To promote lasting growth, grasses and other
vegetative covers should be compatible with the
prevailing weather and soil conditions and tol-
erant of periodic inundation and runoff pollut-
ants.

4. To promote lasting growth, an adequate
depth of suitable topsoil or wetland muck soil
should be provided below all vegetative cov-
ers. A minimum thickness of 6 inches is rec-
ommended for turf grasses.

5. Construction plans and specifications
should include requirements for establishing
all vegetative covers.

6. At both dry and wet systems, the effects of
sediment removal from vegetated surfaces
should be considered in the selection of ap-
propriate cover.

7. Additional information on vegetative cov-
ers is available from such agencies as the
Natural Resource Conservation Service, lo-
cal Soil Conservation Districts, and County
Cooperative Extension Service offices.
Aquatic botanists should be consulted with
respect to selecting and planting vegetation
in constructed wetlands and wet swales. Con-
sultation with these agencies or profession-
als during facility planning, design, and re-
view is strongly encouraged.

12.9. TRASH RACKS

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

Difficult to Clean
Difficult to Remove
Structural Failure
Excessive Debris
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1. Trash racks are intended to prevent trash
and debris from blocking a facility outlet by
intercepting it at an upstream point. There-
fore, the need for a trash rack should be based
upon the relative sizes and shapes of both
the outlet opening and the anticipated debris
as well as the consequences of outlet clog-
ging. Special consideration should be given
to subsurface facilities.

2. For durability, all trash rack components,
including bars, hinges, fasteners, and clamps,
should be constructed of lightweight, noncor-
roding material such as aluminum. The com-
ponents should have sufficient design strength
to withstand anticipated heavy loads caused
by facility outflows, debris, and, where nec-
essary, maintenance personnel.

3. To facilitate cleaning, trash racks should
be comprised primarily of sloping bars, aligned
longitudinally (in the direction of flow). Per-
pendicular bars, aligned transverse to the di-
rection of flow, should be added for strength
and rigidity. These transverse bars should
be located below the tope face of the longitu-
dinal bars and, if possible, should be round in
section. See Figure 3-B at the rear of the
Chapter for details.

4. To minimize the frequency of cleaning,
trash rack bars should be spaced close

Sloping trash rack bars aligned in the
direction of flow are more easily
cleaned. Add transverse bars as

needed for stability

P
2
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enough to collect debris which may block the
outlet orifice or weir but allow passage of
smaller debris which will not. In general, lon-
gitudinal bars should be spaced a distance
equal to 1/3 to 1/2 the diameter of the outlet
orifice or 1/3 or 1/2 the width or height (which-
ever is less) of the outlet weir. Minimum and
maximum spacings of 1 inch and 6 inches on
center, respectively, are recommended.
Transverse bars should be spaced as neces-
sary for strength and rigidity. See Figure 3-B
for details.

5. Trash racks should be hinged or attached
with noncorroding, removable fasteners to al-
low access to the outlet orifice or weir by main-
tenance personnel. Lightweight track racks
are easier to lift, repair, and clean behind. See
Figure 3-B at the rear of the chapter for de-
tails.

Hinged, lightweight trash racks can
be quickly lifted for cleaning and
inspection. Also note outlet orifice
plate mounted to outlet structure

all with removable ancho

6. Trash racks should be accessible for clean-
ing when the facility is dry (at dry facilities) or
at normal or permanent pool levels (at wet
facilities). In addition, access should also be
provided when the water level is at the
system’s maximum design water surface el-
evation. Stable areas of adequate size should
be provided around a trash rack to provide
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firm footing for maintenance personnel and
equipment. Concrete pads of other firm sur-
faces are recommended.

7. At wet systems, stable areas of adequate
size should be provided at all trash racks
which protect permanent pool drains. Con-
crete pads or other firm surface is recom-
mended.

12.10. ACCESS

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

B Inadequate or Unsafe Access to
Facility Components

B Heavy or Inoperable Gratings and
Hatches

B Multiple or Corroded Locks

B Lack of Fence Gates

1. The facility must be readily accessible from
a street or other public right-of-way. Inspec-
tion and maintenance easements, connected
to the street or right-of-way, should also be
provided around the entire facility. The exact
limits of the easements and right-of-way
should be specified on the project plans and
other appropriate property and legal docu-
ments.

2. Field evaluations indicate that readily vis-
ible or multipurpose systems receive more and
better maintenance than those in less visible,
more remote locations. This finding should
be kept in mind during overall site layout.
Readily visible facilities can also be inspected
faster and more easily by maintenance and
mosquito control personnel.

3. Access roads and gates should be wide
enough to allow passage of necessary main-
tenance vehicles and equipment, including
trucks, backhoes, grass mowers, and mos-
quito control equipment. In general, a mini-
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mum right-of-way width of 15 feet and a mini-
mum roadway width of 12 week is recom-
mended.

4. To facilitate entry, a curb cut should be
provided where an access road meets a
curbed roadway.

5. To allow safe movement of maintenance
vehicles, access ramps should be provided
to the bottoms of all surface facilities greater
that 5 feet in depth. Vehicle access ramps
should not exceed 10 percent in grade.

6. Access roads and ramps should be stable
and suitably lined to prevent rutting and other
damage by maintenance vehicles and equip-
ment.

7. When backing-up is difficult or dangerous,
turnaround areas should be provided at the
end of all access roads.

8. To expedite overall maintenance efforts,
vehicle and equipment staging areas should
be provided at or near each facility site.

9. A suitable number of gates should be pro-
vided in all fences. The gates should be wide
enough to allow passage of necessary equip-
ment and personnel. They should be appro-
priately located so that they can be fully
opened without interference by trees, parked
cars, existing or proposed grades, or other
obstructions. If it is necessary to lock a gate,
it should be done with a noncorroding chain
and padlock. This will permit the installation
of additional padlocks on the chain (each pad-
lock becomes a link in the chain), thereby al-
lowing authorized access through the gate by
more than one person without the need for
multiple keys.

10. Safe, suitable access for maintenance
personnel and equipment should be provided
to the exterior of each facility component. In
doing so, avoid remote component locations,
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Adequate distance should be provided
between the top of a slope and
adjacent structures such as fences,

walls, curbs, and roadways.

steep slopes, unstable surfaces and linings,
and narrow walkways.

11. Suitable access should be provided along
both sides of a fence for mowing, trimming,
and fence repair.

12. Safe, suitable access for maintenance
personnel and equipment should be provided
to the interior of the principal outlet. In doing
so, avoid heavy hatches, gratings, and other
covers. Railings, grab rails, slip-resistant
steps, low flow channels, benchings, and
hinged, lightweight access covers greatly fa-
cilitate interior maintenance. Sufficient inte-
rior space should also be provided. A mini-
mum horizontal dimension of 4 feet is recom-
mended.

13. At subsurface facilities, suitable access,
observation points, and monitoring wells
should be provided to allow inspection and
cleaning. Access should be provided to all
major components, particularly at inlets and
the principal and emergency outlets, and
wherever sediment deposits are expected.
This will permit sediment and debris removal
through high pressure water spray and
vacuum (e.g., Jet-Vac). All access points
should be at safe locations on the surface
which can be readily accessed, safely barri-
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caded, and clearly identified.

12.11. PERIMETERS

Typical problems that impede or unnecessar-
ily increase proper maintenance include:

B Difficult to Mow
B Inadequate Size
B Too Close To Adjacent Structures

1. Field evaluations indicate that readily vis-
ible or multipurpose systems receive more and
better maintenance than those in less visible,
more remote locations. This finding should
be kept in mind during overall site layout.
Readily visible facilities can also be inspected
faster and more easily by maintenance and
mosquito control personnel.

2. Fences, when required for safety or other
purposes, should be located to minimize in-
terference with grass mowing and trimming.
Suitable access should be provided along
both sides.

3. To allow safe movement of maintenance
personnel; and equipment, fences should be
located at least 3 feet beyond the top and toe
of any slope steeper than 5 horizontal to 1
vertical.

4. Fences should be constructed of durable,
vandal-resistant materials. Fences must meet
all local code requirements.

5. To minimize the amount of required trim-
ming, fences in grassed areas should be in-
stalled, whenever practical, with a bottom rail
set high enough above finished grade to al-
low mowing beneath it.

6. Grassed areas beyond the tops of filtra-
tion and biofiltration systems should have a
minimum slope of 2 percent to promote effec-
tive surface drainage and thorough drying.

Planning and Design Considerations

7. Perimeters should be planned and de-
signed to discourage vandalism and dump-
ing of trash and debiris.

8. Facility perimeters should be large enough
to allow movement and operation of mainte-
nance and mosquito control equipment. A
minimum perimeter width of 25 feet between
the facility and adjacent structures is recom-
mended along at least one side of the facility.
This portion of the perimeter should be readily
accessible from a street or other public right-
of-way.
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APPENDIX 3-1

DRAWINGS OF TYPICAL DETAILS
OF SOME IMPORTANT

STORMWATER SYSTEM COMPONENTS

Figure 3A
Figure 3B
Figure 3C
Figure 3D
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Detention Basin Orifice and Weir Plates
Detention Basin Trash Rack
Infiltration Basin Underdrain
Nonvegetated Infiltration Basin Bottom
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Chapter 4
Programmatic and Regulatory Aspects

1. OVERVIEW

There are many important aspects of
stormwater management system mainte-
nance. These include planning and design
considerations, proper construction, inspec-
tion, compliance, and funding. Equally impor-
tant, though, are institutional or programmatic
considerations. The institutional framework
must establish a legal basis to assure program
maintenance requirements are met. This must
include criteria establishing minimum stan-
dards for stormwater system inspection and
maintenance - requirements that all owners
must comply with to ensure the long term per-
formance of their systems.

There are several program components which
must operate cooperatively if maintenance ef-
forts are to be effective. Initial requirements
must include proper planning and design to
assure that the stormwater management sys-
tem, including each of its components, can
be effectively maintained and properly oper-
ated. Stormwater program funding, which is
beyond the scope of this handbook, is essen-
tial to assure proper design review, inspec-
tion during construction, and regular inspec-
tions of completed facilities. Funding also
must be available for development of design,
construction, and maintenance guidelines,
and to actually perform needed maintenance
activities. Educational programs are also im-
portant. The importance of proper operation,
maintenance, and management of stormwater
systems must be understood by designers,
developers, contractors, the public, and own-
ers of urban runoff controls. The stormwater
program's institutional framework must not
only create these important components, but
assure that they are fully coordinated.

Constructed wetland serving a
residential community showing
good site stabilization.

Programmatic aspects of stormwater system
operation and maintenance must include rec-
ognition of the roles of the various levels of
government involved in program implemen-
tation (WMI, 1997). Itis important that require-
ments made at the various levels of govern-
ment (federal, state, regional, local) be
complementary and not duplicative or conflict-
ing. Stormwater system operation, main-
tenance, and management must be ad-
dressed by the urban runoff control
program whenever it requires the use of
BMPs. How explicitly or detailed
stormwater system maintenance is ad-
dressed varies, depending on the degree
of regulatory control exerted by each level
of program implementation.

This chapter will provide recommendations on
how stormwater programs can assure that
BMPs actually are maintained and operated
properly. It will review the role of EPA, state
government, and local governments in
stormwater system operation and mainte-
nance. Examples of successful institutional
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approaches will be presented as will specific
regulatory language on stormwater system op-
eration and maintenance. The final subsec-
tion of this chapter contains recommendations
relating to public versus private maintenance
of completed stormwater management facili-
ties.

The recommendations are based on the
most effective approach to ensure the fu-
ture maintenance of completed stormwa-
ter management systems. The recommen-
dations may appear idealistic, but they are
based on experiences by several success-
ful state and local urban runoff control pro-
grams around the country. They reflect the
most optimal approach to stormwater man-
agement system operation, maintenance, and
management which appears to be available
at this time.

1.1. Intended Readers

Intended readers of this Chapter include:

e Persons involved in developing and
implementing stormwater management
programs and their associated regulations.

e Elected and public officials who are re-
sponsible for developing, promulgating, and/
or interpreting stormwater management pro-
grams and regulations.

e Stormwater system designers and build-
ers who must assure that their systems com-
ply with relevant regulations.

e Land developers, consultants, and
stormwater facility owners who must receive
regulatory approval for their stormwater sys-
tems.

4-2

2. ROLES OF GOVERNMENT

Experience has shown that successful
stormwater management programs are built
upon a partnership among the different levels
of government involved in program implemen-
tation (WMI, 1997). Until recently, stormwater
programs were implemented by state and lo-
cal governments using legal authorities estab-
lished in state or local laws. However, in 1990,
the EPA established federal stormwater per-
mitting requirements under the NPDES
program. These federal requirements have
stimulated greater awareness of stormwater
problems, the need for stormwater treatment,
and the implementation of stormwater BMPs.

Whenever BMP implementation is re-
quired, stormwater system operation and
maintenance requirements must be explic-
itly stated and enforced. With at least three
levels of government often involved in
program implementation, it is very impor-
tant that program requirements be comple-
mentary, not conflict, and not create du-
plication. Stormwater maintenance con-
siderations should be somewhat general
at the federal level, with state, regional, or
local programs having progressively more
detailed program requirements. These re-
guirements must then be implemented by
individual property owners or public enti-
ties, with some type of compliance mecha-
nism to assure that maintenance is actu-
ally performed.

This hierarchical approach begins with gen-
eral language that requires entities implement-
ing urban runoff control programs to adopt
more specific requirements for the long term
operation, maintenance, and management of
stormwater management facilities. Impor-
tantly, this allows the individual jurisdictions
to determine, through their existing program
framework, how the requirements should be
implemented. Having minimum standards
IS important, but the key to successful
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implementation is providing flexibility to at-
tain the standards within the institutional
framework of the stormwater program,
whether at the state, regional, or local level.
Since stormwater systems are an essential
part of the local infrastructure, local govern-
ments are the most appropriate level of gov-
ernment to assure proper construction, inspec-
tion, and maintenance of stormwater manage-
ment facilities. At times, regional or water-
shed-based entities may be involved in the day
to day implementation of stormwater manage-
ment programs, including operation and main-
tenance of stormwater systems. Except for
highway departments, state agencies usually
will not be directly involved in stormwater sys-
tem operation, maintenance, and manage-
ment. Instead, they often will be responsible
for establishing performance standards and
BMP design criteria, reviewing plans or per-
mitting BMPs, and they will have more of an
oversight and technical guidance role. Simi-
larly, except in those few states which are not
delegated NPDES stormwater permitting,
EPA's role will be to set basic program goals
and requirements, and oversee implementa-
tion by states.

3. FEDERAL STORMWATER PROGRAMS

Various federal programs (i.e., Sections 319
and 402 of the Federal Clean Water Act, Sec-
tion 6217 of the CZARA of 1990) may require
the implementation of stormwater manage-
ment programs by states, regional, or local
governments, or stormwater BMPs by prop-
erty owners. Consistent with the hierarchical
approach discussed above, these programs
have fairly general requirements for
stormwater system operation and mainte-
nance. For example, the NPDES stormwater
permitting requirements for municipal sepa-
rate storm sewer systems (MS4s) states "the
applicant must include a description of main-
tenance activities and a maintenance sched-
ule for structural controls to reduce pollution..."

Programmatic and Regulatory Aspects

Since the implementation of BMPs to treat
stormwater is still a new concept, experience
has shown that additional guidance on BMP
operation and maintenance is needed. More
specific guidance and program require-
ments should be adopted by state, re-
gional, or local governments. For example,
the stormwater staff at the Florida Department
of Environmental Protection developed a table
of recommended BMP inspection frequencies
and maintenance activities (Appendix 4-5).
EPA Region 4 is including this table in MS4
permits issued to Florida local governments.
The table is only guidance and is intended to
serve as a starting point for local governments
to develop and implement effective BMP in-
spection and maintenance programs. The
recommendations in the table are not enforce-
able permit conditions, simply guidance. Ad-
ditional, more detailed BMP inspection, op-
eration, and management language that could
be included in state, regional, or local program
requirements is discussed in the next section.

4. STATE STORMWATER MANAGEMENT
PROGRAMS

This section will discuss institutional aspects
of stormwater system maintenance in those
states which have aggressively implemented
a comprehensive statewide stormwater man-
agement program. This is not the rule but the
exception. Only five states currently have
statewide programs which require imple-
mentation of stormwater BMPs by new
developments. In those states without a
comprehensive program, or where state re-
quirements are permissive, or where state leg-
islation enables but does not require local
implementation, many of the requirements for
long term performance of stormwater systems
will be of interest to or implemented by local
governments.

States may have a similar role to EPA in terms
of overall program guidance, but they also
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have a greater capability to establish additional
legislative and regulatory requirements for
maintaining stormwater systems than are pos-
sible at the federal level. In some programs,
the state is the permit issuing authority requir-
ing the implementation of stormwater manage-
ment facilities. In other programs, implemen-
tation responsibilities are shared by the state
with regional or local governments.

This section will highlight several innova-
tive approaches used around the country
which could be adopted as stormwater
management program components to sig-
nificantly improve the long term perfor-
mance of stormwater management sys-
tems. It will also provide recommended
language that should be included in state
law and in stormwater regulations, whether
they areimplemented at the state, regional,
or local level.

4.1. Program Guidance and Requirements

Several states have implemented stormwater
management programs to minimize flooding
and the water quality impacts resulting from
stormwater discharges associated with new
development. However, thereis general rec-
ognition by states that they alone cannot
effectively implement stormwater manage-
ment programs at the state level. Most of
these comprehensive statewide programs
have, as their foundation, a "watershed
management team" approach. Implemen-
tation involves a lead state agency along
with some combination of regional, local,
or watershed-based entities. Often the lead
state agency permits projects undertaken by
federal or state government and by the re-
gional or local entities involved in program
implementation. Permitting of other projects
is done by the regional, local, or watershed-
based entity to which the state has delegated
program implementation.

In these stormwater management programs,
theroles of the various implementing enti-
ties must be explicitly stated to avoid con-
flicts and duplication. Accordingly, states,
generally through legislation and regulation,
establish the program's minimum goals and
performance standards, its administrative pro-
cedures, and specify the minimum program
components that regional, local, or watershed
entities must implement to be delegated the
program's administration. The actual struc-
ture of the implementing agency program de-
pends on considerations such as the entity's
organization, funding mechanism, and the pri-
ority of the stormwater program.

States can, and should, be more specific
than federal agencies when establishing
minimum stormwater management pro-
gram standards. These standards must be
developed with the recognition of impacts that
they will have on the resource needs of the
regional, local, or watershed agency. If the
standards are absolutely necessary (as most
are), the state agency must provide assistance
- financial, technical, and in securing political
acceptance for the program at the local level.
Program requirements must be directly related
to effectiveness but also be realistic and in-
clude some flexibility. Implementing agencies
must be allowed to prioritize program com-
ponents to fit their situation.

The stormwater program's institutional
framework, goals, and procedures need to
be established legislatively. General
program requirements for stormwater sys-
tem maintenance needs to be included in
this legislation. More explicit and detailed
requirements should be provided in the
program's implementing regulations and
guidance materials, such as its BMP
manual.
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4.2. State Stormwater Legislation

State legislation provides the legal authority
for the stormwater program. If program imple-
mentation can be delegated to regional or lo-
cal governments, state law also provides the
legal backbone for these programs. In such
cases, the law also needs to establish crite-
ria for delegation to assure that the program
is implemented consistently statewide.

In general, the state stormwater legislation
should be relatively simple without lots of
details, especially with respect to the de-
sign, construction, and maintenance of
stormwater systems. More explicit details
can be established in the program's imple-
menting regulations. The maintenance com-
ponent of state legislation should provide a
basic framework to assure that stormwater
systems are operated and maintained prop-
erly. It mustinclude compliance and enforce-
ment mechanisms and procedures, including
penalties. A section of the legislation should
allow for regulations, and specify the program
areas in which requirements can be set by the
rules.

Example legislative language might include:

The Department (the program’'s lead
agency) shall develop regulations to spe-
cifically guide program implementation.
The regulations may include, but not be
limited to, the following:

1. Criteria for local program implementa-
tion or delegation.

2. Types of activities that require an ur-
ban runoff control approval.

Waivers, exemptions, and variances.
Plan approval and inspection fees
including construction or mainte-
nanceperformance bonds.
Authority for a local stormwater utility.
Specific design criteria.

7. Permit application and approval pro-

Hw

o 0

Programmatic and Regulatory Aspects

cess.

8. Operation permit requirements and
time frames.

9. Development and implementation of
mandated educational programs re-
lating to site inspection of active and
completed stormwater management
systems.

10.Requirements for any other educational
programs.

11.Inspection requirements, including
certification of inspectors.

12.Maintenance requirements once
construction has been completed.

13.Penalty provisions in the event of
noncompliance with either design,
construction, or operation of
stormwater management systems.

As can be seen from the italicized and bolded
text, maintenance aspects of program imple-
mentation overlap with many other design and
construction requirements.

Incorporating in the law the ability to adopt
rules to establish maintenance require-
ments allows for greater flexibility and for
program evolution. It is important to re-
member that the design, maintenance, and
operation of stormwater BMPs is a rela-
tively young field. When changes need to
be made to enhance program or BMP ef-
fectiveness, it is much easier to amend
rules than legislation.

There are a several state laws and regulations
which should be reviewed before developing
legislative language for a statewide
stormwater management program. These
include:

1. Delaware:

e Chapter 40, title 7, Delaware Code,
Erosion and Sediment Control and
Stormwater Management Act;

e Sediment and Stormwater Regulations
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Contact:
Delaware Department of Natural Re-
sources and Environmental Control
Division of Water Resources
89 Kings Highway
Dover, Delaware 19903

2. Florida:

e Section 403.0891, Florida Statutes,
State, Regional, and Local Stormwater
Management Plans and Programs.
Also, Section403.0893 - Stormwater
Utilities and Section 403.0896 - Train-
ing and assistance for stormwater per-
sonnel.

e Section 62-40.432 (State Water Policy)
Stormwater treatment performance
standards;

e Chapters 62-25 (FDEP stormwater
regulations) or 40C-42 (SJRWMD
rules), Florida Administrative Code.

Contact:
Florida Dept. of Environmental Protection
Nonpoint Source Mgmt. Section (MS3570)
2600 Blair Stone Road
Tallahassee, Florida 32399-2400

3. Maryland
e Environmental Article, Title 4, Subtitle
1 - Sediment Control and Subtitle 2 -
Stormwater Management.
e Code of Maryland Regulations 26

Contact:
Maryland Department of the Environment
Stormwater Management Program
2500 Broening Highway
Baltimore, Maryland 21224

4. New Jersey
e N.J.S.A. 40:55D-1, Stormwater Man-
agement Act.
e N.J.A.C. 7.8 Stormwater Management
regulations.
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embankment because of a lack of mowing.

Contact:
N. J. Dept. of Environmental Protection
Stormwater Management Program
401 East State Street
Trenton, New Jersey 08625

5. Washington

e Chapter 90.70 Puget Sound Water
Quality Authority

e Chapter 173-275, Washington Admin-
istrative Code (W.A.C.), Stormwater
Management in the Puget Sound Wa-
tershed.

e Chapter 400-20, W.A.C. Puget Sound
Water Quality Authority.

Contact:
Washington Dept. of Ecology
Stormwater Management Program
P.O. Box 47600
Olympia, Washington 98504-7600

Recognize that the ideal program will con-
tain a mixture of ideas and language from
other programs, in addition to original lan-
guage necessary to address state specific
considerations. No program is perfect.

Penalty provisions (Item 13 above) are criti-
cal to ensuring the continued operation of
stormwater management facilities. A review
of 32 stormwater management programs
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around the country indicates the need for pen-
alty provisions (WMI, 1997). Generally, pen-
alty provisions will not be used very often.
Clear statutory authority for them, however,
helps to assure maintenance activities are ac-
complished, especially when needed at sites
with reluctant owners.

There is a question of whether penalties
should be civil and/or criminal. There is a
great reluctance to use criminal penalties
due to the severity of the impact in the
event of a conviction. Consequently, the
most commonly used penalty to ensure
compliance is a civil action. This generally
results in some form of monetary penalty.
Example statutory penalty language might be
the following:

"Any person who violates any rule, regu-
lation, order, or condition imposed on an
approved plan or other provision of the Law
shall be fined not less than $ or more
than $ for each offense. Each day
that the violation continues shall constitute
a separate offense.”

The dollar amounts of penalties vary widely
around the country. Representative levels
range from $100 to $5,000.

Existing stormwater programs have found
that the most effective compliance tool is
a "stop work order". This administrative
mechanism is particularly useful during the
construction phase of development as it pre-
vents any further work until the site's controls
are in compliance with the site plans or per-
mit requirements. Example statutory language
follows:

"The Department shall have the power to
issue a cease and desist order to any per-
son violating any provision of this Chapter
by ordering such person to stop any site
work activity other than those actions nec-
essary to achieve compliance with this law

Programmatic and Regulatory Aspects

or its implementing regulations."

Another widely used alternative to fines to
assure maintenance and management of
stormwater systems is authority for the
government (state, regional, local) to per-
form the maintenance and bill the owner.
Example statutory language for this concept
is:

"If the owner or responsible maintenance
entity fail to maintain the stormwater man-
agement system to acceptable standards,
the (unit of government) shall issue a writ-
ten notice specifying actions to be taken
in order to bring the system into compli-
ance with its approved design and perfor-
mance. If these actions are not completed
by the time specified in the written notice,
the (unit of government) shall perform or
contract for this maintenance and bill the
owner or maintenance entity for all costs.
If the owner of maintenance entity fails to
pay the bill within 60 days, a tax lien for
the amount of the bill plus ten percent shall
be placed upon the property.”

It is recommended that the operation and
maintenance violations be considered a
civil offense, but that a criminal provision
also beincluded for obvious deliberate vio-
lations. Penalties are applied most commonly
for poor erosion and sediment control at con-
struction sites. They are less commonly im-
posed for improper construction, mainte-
nance, or operation of permanent stormwater
management facilities.

Where there is a significant maintenance
requirement that may be controversial, it
should be stated in law. The following three
examples are provided for consideration by
other stormwater management programs.

1. Florida Stormwater Operating Permit

Florida's stormwater program recom-
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mends that regional water management
districts and local governments issue re-
newable operating permits for completed
stormwater systems. These require an
annual inspection and certification that
the stormwater system is being main-
tained and is performing as permitted.
This is an excellent approach to ensure
that systems are regularly inspected and
properly maintained. The approach has
general applicability to other stormwater
programs and implementation can be tai-
lored to a program's institutional frame-
work.

The legislative framework for Florida's
stormwater program includes Section
403.0891, Florida Statutes, which sets
forth the stormwater responsibilities of the
Department of Environmental Protection,
the five regional water management dis-
tricts, and local governments. The specific
criteria and implementation procedures for
the Operating Permit System are detailed
in stormwater regulations, especially those
of regional water management districts or
local governments. For example, the City
of Tallahassee's Environmental Manage-
ment Ordinance includes Section 46, en-
titted Stormwater Management Facility Op-
erating Permit.

One reason this approach has strong merit
is because eventual property owners (resi-
dential owners especially) are seldom
aware of their obligations to maintain
stormwater management facilities. Re-
quiring owners of stormwater systems
to have an Operating Permit helps
make system owners aware that they
have legal operation and maintenance
obligations. When the responsible legal
maintenance entity is a Property Owners
Association, the Operating Permit System
helps assure that the Association as-
sesses the individual property owners for
their portion of the costs incurred when

4-8

Operation, Maintenance, and Management of Stormwater Systems

contracting for stormwater system main-
tenance. The submittal by the responsible
maintenance entity of the annual certifica-
tion and of the information periodically re-
quired to renew the Operating Permit also
h