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STORMWATER MANAGEMENT FACILITIES MAINTENANCE’MANUAL

. PREFACE

The New Jersey Water Supply Bond Act of 1981 authorized the
funding for State and local water supply and watershed man-
agement projects. The 1982 New Jersey Water Supply Master
Plan responded to this authorization by identifying the need
for specific watershed management and aquifer protection
projects to help implement the goals of the Plan. In June

1983, Ocean County submitted a proposal in response to the

New Jersey Department of Environmental Protection’s (NJDEP)
request for proposals for County level demonstration
projects. 1In 1984, Ocean County was selected by the NJDEP
to participate in the Demonstration Project on the Long Term
Maintenance of Stormwater Management Facilities. The pro-
ject organization included retaining an engineering consul-

‘tant. Killam Associates, of Millburn, New Jersey submitted
-a proposal to the NJDEP and was subsequently awarded the

project.

The purpose of the Demonstration Project was to address the
increasing problem of the lack of maintenance procedures un-
dertaken for stormwater management facilities (SWMFs). The
result of insufficient maintenance procedures at SWMFs has
been poor water quality and flood control as well as an in-
creased threat to public health and safety. The objective

- for the project has been to develop a STORMWATER MANAGEMENT

FACILITY MAINTENANCE MANUAL. The MANUAL responds to
maintenance problems by addressing six areas relative to the
overall management of SWMFs. These six areas are: Ownership
and Maintenance Responsibility, Planning and Design
Guidelines, Construction Inspection, Maintenance Equipment
and Procedures, Regulatory Aspects, and Cost Data and
Financing Techniques. '

The Demonstration Project team consisted of representatives
from the NJDEP, the Ocean County Planning and Engineering

Departments, and Killam Associates. The follow1ng is a
brief summary of the project tasks undertaken in developing

the recommendatlons contalned in the MAINTENANCE MANUAL.

TASK: Onsite Field Evaluations of 51 SWMF Sites in six
'~ New Jersey counties. The facility types included
detention, retention, infiltration, and regional

basins. ‘

PURPOSE: To determine whether design, construction, and/or
‘ maintenance procedures were the basis for
maintenance problems at SWMFs.
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. PURPOSE:: i ‘culation methods: and
' - , d si tand: -|commonly. used d
£ l":ed ;.

as:. sedlment ba51n
party/agency for: the: mai
cally’ designated..

1htenancee6f“SWMFs 1s typ,él

TASK: = Agency: Survey on: Maintenance Problems. The Survey
: was sent’ to agencies: which are either directly
respon51b1e for SWMF maintenance: or  are conducting
intenance: procedures: through facility owner de-

fault.. Ay35fpercent;re8ponse‘rateawas:achieved,

PURPOSE: To gather data on the types of maintenance proce~-

: dure§~perf0rmed, schedules: of maintenance pro-—

grams,, man-hours required‘to,performvmalntenance

tasks;, equipment utilized, and maintenance budget
requirements. : : T

Inventoryfof‘StcrmwaterfRegulationsm

To: determine current local, county, regional, and
state stormwater management standards and the ex-
tent jof maintenance requirements. ‘

~ TASK:. Draft'Maintehance‘Manual Workshop Meetings.

PURPOSE: To: meet with representatives of‘englneerlng firms,
municipal and county englneerlng departments, 8011
Conservation Districts, Mosqui :\COmm1551ons, :

-Public Works Departments to: present discuss, and

receive comments on. the draft sectlons of the

-MAINTENANCE MANUAL..

The MANUAL is: 1ntended for use as: a: reﬁfﬂvv
design. of "mlnlmum maintenance™ SWMFs and:

of effective and comprehensive maint
designed to: be|appllcable to the re:
cludes a variety of geologlc condltlo,uﬁ
recommended -guidelines in the MANUAL should k
their appllcabl;lty to specific site conditi
utilized. The recommendations: rec
struction .of SWMFs .are intended t
needs' of both ‘existing and new faci

B

addreée the manééeme t
ITities..
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| STORMWATER MANAGEMENT FACILITIES MAINTENANCE MANUAL

INTRODUCTION

Throughout New Jersey, Stormwater Management Facilities
(SWMFs) have become standard components of land development
projects and familiar sights in our modern landscape. Al-
though their features and characteristics may vary, all
SWMFs share a common goal: To mitigate the adverse hydro-
logic impacts of land development and protect downstream
areas from flooding, erosion, and/or water quality degrada-
tion. To achieve this goal, all SWMFs share a common need:
Thorough maintenance performed on a regular basis. The ob-
jective of the STORMWATER MANAGEMENT FACILITIES MAINTENANCE
MANUAL is to insure that this maintenance is provided. The
MANUAL pursues this objective in several ways:

* By highlighting the important role that SWMFs have
‘come to play in managing the State’s stormwater re-
sources. :

* By demonstrating the need for regular and thorough
SWMF maintenance. ,

* By presenting detailed information regarding such
maintenance, not only during a SWMF’s operating life,
but during its planning, design, and construction
phases.

* By describing methods of securing adequate financing
of SWMF maintenance programs. '

The MAINTENANCE MANUAL is divided into six Chapters, each of
which answers an important question regarding SWMF mainte-
nance: : : '

* CHAPTER ONE addresses the question of WHO IS RESPON-
SIBLE? for SWMF maintenance. It includes descriptions
of various SWMF owners and a variety of possible main-
tenance responsibility arrangements. It provides ways
of evaluating a SWMF owner’s maintenance capabilities,
as well as advice on how to maintain a SWMF which has

- been "abandoned" by its owner. Throughout the Section,

strong emphasis is placed on the need to designate a
single person or entity as having the ultimate responsi-
bility for a SWMF’s maintenance and who will ultimately
bear the blame if such maintenance is neglected.

* CHAPTERS TWO, THREE, and FOUR provide several answers
to the question WHAT HAS TO BE DONE? CHAPTER TWO pre-
sents detailed guidelines for planning and designing a
SWMF that requires the least amount of maintenance ef-
fort and expense. It also includes descriptions of the

I-1



numerous SWMF maintenance problems that‘actually or1g1-
nate durlng the planning and: de51gn spages. "CHAPTER
THREE contalns recommended measures to insure that a
SWMF is conqtructed in accordance w1th 1ts "least main-
tenance" design. CHAPTER FOUR descrlbes the equipment
and procedures necessary to undertdke|a comprehensive
SWMF malntenance program. The. prlmary theme of each of
these Chapters is a familiar one: Preventatlve mainte-
nance is far more effective and far less costly than
corrective or remed1a1 malntenance.»‘
| - |

* CHAPTER FIVE presents answers to a|very important
gquestion: HOW TO GET IT DONE? It hlghllghts the key
role that regulatory agencies can play in preventing

and/or correcting SWMF maintenance neglect and recom-

mends spe01fhc programs and proceduxes that these agen-
cies can follow to insure that adequape SWMF maintenance
levels are prov1ded. Throughout the Chapter, the funda-

mental 1mportance of SWMF malntenance tc any successful

municipal or‘county stormwater management program is em-

%* CHAPTER SIX addresses what may be
question of all' HOW -TO FINANCE IT?

phasized.

the most important

It prov1des capital

and operat1ng expense data for those respons1b1e for
_preparlng SWMF maintenance budgets and adv1ce on reduc-

ing overall SWMF maintenance costs.

It also provides

'_munlclpal and county governments with 1nformatlon re-= -

garding altemnatlve methods of publi

clﬂ financing SWMF

maintenance. The Chapter’s overall message is direct:
The most 1mportant component of a successful SWMF main-

-tenance program is adequate fundlng
| ,

As can be seen from the above descrlptlons, the topic of
one land,

SWMF maintenance is 1ndeed a complex

|

as a result,

the STORMWATER‘MANAGEMENT FACILITIES MAINTENANCE MANUAL Wlll

kiattract a. varﬂety of readers.

To help these readers find

what they’re looklng for, the first page of each Chapter
contains a brlef description of the Chapter s overall objec-

tives and contents, as well as a 11st|

of intended readers.

This should allow the reader to qulckly assess the applica-

bility of each Chapter to his or her s
needs. |

presented under individual headlngs t
reader. Each Chapter is written in a
intended readers. Finally, to further
summary of theimajor topics within each
in Table I-1. |

.

‘The STORMWATER|MANAGEHENT FACILITIES MA
developed as part of the Ocean County L
- Maintenance of Stormwater Management
jointly by the\Ocean County Plannlng ang

pecific interests or

In addltlon, major topics w1th1n|each Chapter are

o. further guide the
style suited to its
as51st the reader, a
Chapter is presented

\
LINTENANCE MANUAL was

)emonstratlon Project
Facilities conducted

1 Engineering Depart-
L '
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ments and the consulting engineering firm of Killam Associa-
tes, under a grant provided by the Division of Water
Resources of the New Jersey Department of Environmental Pro-

tection. The MANUAL is the result of more than two years of

research, study, and analysis of the pertinent aspects of
SWMF maintenance and is based, in part, upon interviews and
surveys of a wide variety of individuals and agencies in
both the public and private sectors. As such, the MANUAL
affords the reader a valuable opportunity to benefit from
the experiences and advice of people 1nvolved in v1rtually

" every phase of SWMF malntenance.

Finally, additional 1nformat10n regarding the basis of the
STORMWATER MANAGEMENT FACILITIES MAINTENANCE MANUAL can be
found in the Ocean County Demonstration Study Report issued
by the Department of Environmental Protection. This report

“includes an analysis of SWMF maintenance problems, results

of field inspections, summaries of questionnaires and sur-
veys, and an inventory of current SWMF maintenance regula-
tions. : R ' ' . :
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OWNERSHIP AND MAINTENANCE RESPONSIBILITY

A. OBJECTIVES

The owner of a Stormwater Management Facility (SWMF) is
generally responsible for the maintenance of that facility.
Very often, unfortunately, inadequate consideration is given
during the design, review, and approval process to the
owner’s capabilities for conducting such maintenance. 1In
addition, ownership of a SWMF may change during the facil-
ity’s life. Unless the owner has adequate resources, facil-
ity maintenance may be neglected, resulting in a myriad of
problems, including the eventual failure of the SWMF.

In light of the above,'the objectives of this Section of the
STORMWATER MANAGEMENT FACILITIES MAINTENANCE MANUAL are:

* To preSent concepts,which should be considered in estab-
“lishing policies and regulations regarding, and linking,
SWMF ownership and maintenance responsibility.

* To develop a better understandlng by the reader of the
resources requlred to fulfill SWMF maintenance responsi-
bilities. .

'B, INTENDED READERS

This Sectlon of the STORMWATER MANAGEHENT FACILITIES

- MAINTENANCE MANUAL is intended primarily for:

* Publlc Officials and Regulatory Personnel, who should
find it helpful in establishing policy and regulations
regarding approprlate designation of SWMF ownership.

* Facility Owners, including potential future owners, who
will find valuable information regarding the resources re-
quired for effective SWMF maintenance as well as factors
to consider when evaluating their ability to fulfill
designated maintenance responsibilities.

. THE IMPORTANCE OF SWMFIOWNERSHIP

The owner of a SWMF usuaily comes by that ownership as the

result to some other course of action, rather than a direct

desire for ownership of the SWMF itself. A public agency
may acquire or construct a SWMF in order to alleviate a
downstream flooding condition. A private individual or cor-
poration may construct a SWMF as a matter of necessity in
order to obtain municipal and/or county approval for a de-
velopment and to mitigate the prOJect's downstream runoff;
impacts.

OWN - 1
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?uggenbral;pu;

: ut of mlnd"‘ud

the absolute 1mpc !
the' owner must!be closely regulated by an: agency M‘lch'dcesw

;espons1b1e for they.
O ’ i constructlon, and malntenance of a
SWMF. The owner: may undertake these actions either w1111ng-a
ly: or by requirement of a regulatory geﬂcy. Ideally, 'the
owner will sense: and fulfill these respons1b111t1es even in:
the absence' of any. regulatlons. “He: shoIld recognize: that he

h“owner who is:.

may be he d:llable for consequences. of his failure to meet
these obligations. However, to insure roper maintenance: of
the facility, the owner must have the necessary 1nst1“u-
 tional., managqual and flnan01al resources. Without the
proper resources, the: owner w ; not“be:capable of malntal,m
~ing the fac111ty properly. Even where maintenance of a pri-
vate facility is enforceable by a: govexnmental entity under
regulatlons or| ordinances; consistent performance of facil-
ity maintenance  will not. be accompllshed]unless the owner
has adegquate resources for this work. If the owner -does not
‘have these resources, the enforcement: process is. likely to -
“becomne- frustratingﬁfor‘both‘the owner and the enforcing
agency. ~ ' ‘ ‘ N F ;

Acthal ownershlp of a SWMF may change thrcughout the- llfe of
the facility. The original owner would normally be the
agency -or developer ‘who constructed the facility. In the
~case of publlcly-owned facilities, ownership may remain with
. the crlglnal governmental entity for the ﬂlfe of the facil-
~ity. However,| with prlvately-owned fdc1]1t1es, ownershlp
~may change hands several times throughout the facility’s
life. The prlvate individual or corporation which ultimate-
1y becomes respons1ble for maintenance|of| the facility may
not ‘be the same person or entity: which origlnally planned,
designed, and constructed the fac111ty. Thls is partlcular—
ly common with residential development. For example, a de-
veloper may construct condominiums or tv@ 1ouses - where,
ultlmately, the ownershlp of the common facil 2S, includ-
ing the SWMF, resides' with the condomlnlum corporat1on or
"homeowners assoc1at10n. In this case, the people
responsible for maintenance of the facility most likely had
nothing to do with its planning, de51gn, or .construction and
may have little apprec1atlon for ‘its purpose,_functlon, or
maintenance. Combined with a lack of either proper ‘manage-
~ment ability or financial resources on the part of the "new"“
owners, the SWMF is virtually doomed to neglect ‘

OWN - 2
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From the perspective of maintenance responsibility, perhaps
the most undesirable ownership situation is where a deten-
tion basin or other SWMF is located on portions of several
single family residential properties and all the individual
property owners are collectively responsible for its
maintenance. 1In this situation, it can readily be seen that
the homeowners may be able to accomplish routine tasks such
as grass cutting or litter removal, but more sophisticated
maintenance procedures such as sediment removal and struc-
tural repairs would generally be beyond their capabilities.

It is both interesting and ironic to note that, when owner-
ship of a SWMF changes over the facility’s life, the success
or failure of that entire process is usually determined be-
fore the facility even exists. 1It’s fate is decided during
the planning and design phase through the governmental
review and approval process. :

Essentially, governmental entities have two options for es-
tablishing ownership responsibility:

1. Passively let the facility ownership changes take place
in accordance with the applicant’s proposal (either, by
chance, with or w1thout proper plannlng for future owner-
ship) or;

2. Take an active role in planhing the evolution of the fa- -
cility’s ownership to insure that there is a responsible
party capable of performlng the required maintenance at all
times.

Unfortunately, the importance of proper ownership throughout
the life of a SWMF is often overlooked during the review and
approval process. However, in many respects, the details of
the facility’s ownership "plan" are as important as its
technical design and structural details, since maintenance
neglect by its owner could ultimately result in the failure

of a SWMF.

D. OWNERSHIP-MAINTENANCE RESPONSIBILITY ARRANGEMENTS

Ownership of a SWMF as with any other'phy51cal fac111ty,_
can generally be d1v1ded into two categorles- public or pr1-
vate.

Public ownership would include ownership by any governmental
entity or public authority. Such public authorities might
include those directly respon51ble for stormwater management
or flood control, as exist in some states, or those
responsible for some other public function such as trans-
portation, water supply, or wastewater treatment which, by
necessity, include a SWMF as an ancillary part of their

OWN. - 3
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operations. Where the public owner is a governmental entity
such as a mun1c1pa11ty, county, or state, that owner may
also have regulatory power over the approval of the SWMF,

and, in some cases, may 51multaneously be subject to
regulatory review by a higher level of government. Depend-
ing upon the existing regulations and level of enforcement,

the governmental entity may also be subject to malntenance

monitoring by a higher level of governﬂent.

Private owners of facilities may include corporatlons, con-
dominium or homeowners associations, and prlvate individu-
als. As described above, the ultimate| owners of a SWMF may
not necessarily be the same 1nd1v1duals Oor groups
responsible for its planning, design and construction.
Depending upon the regulations of the governmental agencies
having jurisdiction over a particular SWMF, the private
owners may be subject to monitoring of Fhelr maintenance ac-
tivities or they may be left strictly on their own. Un-
fortunately, thls latter condition is more likely to result
in neglect of, proper maintenance, partlcalarly where the
owners do not fully appreciate the purpose and importance of
the SWMF and its maintenance. \

ana maintenance re-
1
i

Basic arrangements for SWMF ownership

sponsibility 1nclude the following:

'
|
|

i Publlc Ownershlp and Malntenance.

| i
2. Private Ownership and Malntenance.%
3. Private Ownership and Public Maintenance.
" Under the flrst two categories, the faellity owner, whether
public or prlvate, also provides for its maintenance. The
third category, where a public agency maintains a prlvately
owned SWMF, should be seriously considered in those in-
-stances where the private owner is not llkely to have the

‘institutional, managerial, or financial resources to proper-
ly maintain the facility As an example, consider the
situation where a SWMF is constructed on propertles owned by
one or more s1ngle family homeowners.

\

It should also‘be noted that, in the
existence of a homeowners a55001at10n
provide adequate assurance that proper

lbove situation, the
joes not necessarily
WMF maintenance will

c

C
'S

be performed, unless the association is
the maintenance of other real property o
such as a sw1mm1ng pool complex or othe
facility, for Wthh it has both an ef
management program and a reliable sourc
ing. However, if the homeowners associa
ly for the purppse of de51gnat1ng or del
ity for SWMF malntenance, experience h
unllkely that the association will remai
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OWNERSHIP AND MAINTENANCE RESPONSIBILITY

ly, if there are other compelling reasons for the associa-
tion to exist, then it is more likely to succeed and poten-

- tially provide the required SWMF maintenance. Proper facil-

ity maintenance is not guaranteed, but it certainly has a
better chance of success where the organization also pro-
vides similar maintenance for other onsite facilities.

» When a governmental entity requires that a SWMF be provided,

that entity must also address the probability of proper
maintenance responsibility being reasonably executed by the
eventual facility owner. In instances where it is probable
that the eventual owner will not have the required resources
and abilities to effectively provide for facility
maintenance, and particularly where failure of the facility
could have significant adverse impacts, the public entity
should seriously consider assuming the maintenance responsi-
bility itself. The public entity should then require that

- it be granted legal access to the facility for maintenance
‘purposes through the granting of appropriate easements or be
- given the facility property outright.

It should be noted that acceptance of maintenance responsi-

- bility and associated easements or property ownership by the

public entity will also include acceptance of certain legal

'-llabllltles_for the facility. The degree of liability will

vary in accordance with the type of facility and its partic-
ular location, features, and other circumstances. It may be
appropriate to estimate the value of this potential
liability, perhaps in terms as simple as liability insurance
costs, over the estimated life span of the project. If the
potential liability costs are considered significant, then
appropriate provisions should be made to secure necessary
financing. Liability insurance costs could also be a factor

in determining land acquisition costs.

Due to both the potential liability costs and the cost of

. the actual maintenance itself, public entities may be ad-
~verse to owning SWMFs, particularly those located on private
property. However, these costs must be evaluated in terms

" . of the threat posed to thé public by a SWMF which is not
‘properly maintained by its private owner. In addition, if
‘the private owner does not have adequate maintenance

resources, the public entity may find itself, in time,
maintaining the SWMF anyway through default, regardless of
the preparations it took to avoid such an eventuality.
Therefore, it is extremely important that proposed arrange-
ments for SWMF ownership and maintenance be fully evaluated

‘during the facility’s planning, design, and review phases,

and that provisions be made for public maintenance of the
facility where it is unlikely that it will be properly
maintained by the private owner. Factors to be considered

"when evaluating a private owner’s ability to properly
maintain a SWMF are presented below.

OWN = 5=



' OWNERSHIP AND MAINTENANCE RESPON

gE.VEVALUATINGJPRIVATEHOWNERS"MAINTENANCE
The probability of proper facility ‘main
‘complished by|a private owner would. see
‘proportion to both the vested: 1nterest tr

»well-malntalned ‘SWMF and the existence of

for which: the owner ‘can and must g
-maintenance.
- cerned with the proper functioning and
-SWMF ‘and must also maintain other grounds

SIBILITY

CAPABILITIES

brovide similar

More simply put, if the private owner ‘is con-

appearance of the
or facilities (for

‘which he has approprlate fundlng, manpower and equipment),

‘then it is more likely that he w111 aﬂso
‘the SWMF. If
preciate the 1mportance of the SWMF nd
something which he has been forced to. prov

not otherwise ‘have the proper staff

‘maintaining the fa01llty, then it 1s,mor

maintenance will be neglected

‘Some - general comments regardlng variou categbries of pri-
vate owners of SWMFs are presented below: |

1. fPrivatefcorp@rations‘>

~ Private corpordtions'whiCh own industrial
sites, or similar properties are general

willing - to_providefadequatevmaintenancevof SWMFs.
¢part1cularly true if the corporation |is-

parks, commercial
ly capable of and
‘This is
conscious of its

public image, both as observed at its grounds'and facilities

tenance being ac-
m to be in direct
1at owner has in a
other facilities

properly maintain
on the other hand, the owner does not ap-
looks upon it as.
ide, or if he does .
and equipment for
e likely that the

‘and as percelved by the nelghborlng CcoO

a SWMF is 1ncl¢ded in the general landsc

unity.

age of a corporate-

vowned site, making the facility’s maintenance a key element

in the overall(51te 's appearance and appeal.

~ration can be

event of prebﬂems; the public agency
“maintenance w1ll be dlrectlng its e

moﬁltorlng fa0111ty

against an e tlty with the capablllty and flnanc1a1

resources to correct the problems.,

2. Condominium Associations and CéoperatiVetApartment'OWners

Condominiums and co-op apartments characteristically have

-areas of common ownership and use. A:
can generally be considered capable of

such, their owners
roviding proper SWMF.

- maintenance in cases where they 1) must also provide for the

maintenance of |a significant extent of
other facilities for the common use of

grounds, roads, and
the| residents and 2)

have an effective mechanism for the collection of funds to

finance such maintenance.

COWN - 6

_’Howeveﬁ, maintenance problems may
'still arise if there is a lack of concern on the part of the

Very often,

Such a corpo-
expected to have the manpower and’equipment
‘required to provide for proper SWMF maintenance and, the,

nforcement actions
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owners over their image and standing with the surrounding

community.

FOrvexample, if a SWMF is located in a highly visible area
of a condominium or co-op site, it may receive a high degree
of maintenance in order to provide an aesthetically pleasing

landscape to the neighboring community. However, if it is

located in a remote or obscure portion of the site, there
may be a tendency for maintenance neglect, particularly if
the facility provides no direct benefit, such as active or
passive recreation. Where there is no concern for community

‘image or standing, SWMF maintenance may suffer, regardless

of the facility’s location or visibility. Fortunately, in
this case, the public agency monitoring facility maintenance
still has a corporation with significant financial resources
against which it can direct its enforcement actions.

3. Single Family Homeowners Associations

‘Similar to condominiums and cooperative apartments, the

owners association created for a group of single family
homes may exist in the form of a corporation. However, un-
like condominium or co-op owners, a single family homeowners
association will not necessarily have to provide maintenance

- for any substantial common grounds or facilities other than

the SWMF itself. It may therefore lack the managerial and
financial resources required for proper SWMF maintenance. A
homeowners association which is responsible for the
maintenance of other significant real assets, such as major

‘recreational facilities, can be expected to have the capa-

bility and resources to properly maintain a SWMF. However,
where there are no other significant, compelling reasons for
the homeowners association to exist, it is not likely to be
an effective and responsible provider of SWMF maintenance.

Therefore, when the public agency monitoring SWMF
maintenance agrees to entrust a single family homeowners as-
sociation with SWMF maintenance, it should be assured that
the association exists as a corporation with adequate
tangible assets which can be effectively targeted and util-
ized during any enforcement action. It should alsoc be re-

membered that a homeowners association created for no other
reason than to be assigned the responsibility for SWMF
maintenance is not likely to remain viable. Once it ceases
to exist in either a literal or practical sense, maintenance
of the SWMF will also cease, unless it is assumed by the
agency. : ' :

_ OWN - 7



| | . |

OWNERSHIP AND MAINTENANCE RESPONSIBILITY

T
\

: 45 ‘IndividualuHomeowners' v \
: \

Wlth the: exceptlon of minor SWMFs suchlas on51te seepage:
pits or dry\wells, it is unllkelthhat an individual

homeowner’ w1l} have the capability' or
maintain a SWMF. While the individ

capable of maintaining the grass or o;her vegetative- cover,

resources to: properly

‘he or she will generally not be capable of undertaking any-
thing more strenuous or sophlstlcated | If a proposed single:
family development requires the construction of an onsite
SWMF, then approprlate provisions should be made for its
malntenance by someone other than an individual homeowner or

%
3homeowners. Thls may include the assumption of maintenance

respon51b111ty by the mun1c1pa11ty, county, or other

‘regulatory agency. Another alternative mdy be to waive con-
~struction of‘the onsite facility and to require an ap-
propriate contribution to an off- smte reglonal facility
maintained by a more capable entity. Thls, of course, will
depend upon the importance of the onsite facility in con-
" trolling runoff between the developmené 51te and the site of
the regional fa0111ty I e;

_ »

»Flnally,\due to both the nature of 51ngle famlly residential

developments| and the long term s1gnmf1cance of SWMF

'malntenance, 1t is important that. the publlc agency review-
ing the 51ng1e family development proposal (and its SWMF)

-have an accurate and assured understandlqg of the intended

facility ownershlp and maintenance arrangements prior to
granting flna} approval. Unlike prbjects under single
ownership, the multiplicity of owners hnhbrent in a single
family re51dent1al development can sevbrely hinder any
maintenance enforcement actions taken w1thout such prlor un-=

- derstanding. \ . . 1 1
F;k-DESIGNﬁTION'OF ORGANIZATIONAL‘RESPONSIBILITY
\

vUnfortunately,‘experlence has shown tpatlSWMF maintenance

often suffers when an organization (as opposed to an 1ndl- -

S vidual) is respons1ble for its performance‘ This is due to
the vague, dlffuse, or fractured de51gnatlon of respon51b11-
ity often encountered in organlzatlonal structures. There-

| \
‘fore, in such cases, it is important tl at a specific indi-

| - vidual within that organization (usuallywby virtue of his

pos1tlon or exgerlence) be charged w1th\the overall respon-

51b111ty for fa?lllty malntenance._ ’

" For exanple, 1f one person w1th1n an organlzatlon is.

responsible for grass mowing, a second\person responsible
for removal of trash and debris, and a thlrd responsible for
- structural inspections and repairs, with no one individual
- . responsible for\overall coordination and\follow-up, then the

 facility maintenance program. will only be as good as the

weakest link in ‘the chain of respon51byllqy On the other
: v - N | v .
|  OWN - 8 b
o ' o o] \
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al homeowner may be:
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~hand, if a specific individual'or'official is charged with

the overall responsibility for maintenance of the SWMF and

is given the authority and resources to insure its per-
‘formance, that individual can then institute controls to as-

sure that maintenance personnel, who may be responsible for

various individual tasks, carry out their responsibilities.

A discussion eof specific SWMF maintenance procedures is pre-

‘sented in Chapter Four - Maintenance Equipment and Proce-

dures. This Chapter of the MAINTEFANCE MANUAL includes
sample work orders and checklists, maintenance logs, and in-
spection checklists and logs for SWMF maintenance. This in-
formation can greatly assist the designated individual

‘within an organlzatlon responsible for overall SWMF

maintenance. It is not intended that the individual as-
signed the responsibility for fa0111ty maintenance should
personally complete these various forms, but rather that
they serve as a tool for those reporting to hlm to systemat-
ically record information pertaining to facility

‘maintenance. The designated individual may further delegate

to subordinates the responsibility for completing these

forms. However, the designated . 1nd1v1dual should periodi-

cally review appropriate information and ask for reports

- from his subordinates so that he is fully informed as to the’
extent of maintenance belng performed and the need for spe-
cial actlons or changes 1n procedures._

DeSLgnatlon of the 1nd1v1dual respon51ble for SWMF
maintenance by the organization which owns the facility
deserves careful consideration. This individual should be

vested with sufficient authority to establish procedures and

priorities for the maintenance personnel. This individual

should also have a thorough understanding of the purpcse and

function of SWMFs and an appreciation of both the con-
sequences of fa0111ty failure and the important role

- maintenance plays in preventlng such occurrences. On the

other hand, the individual should not be at such a high

‘level of authorlty in the organization that coordlnatlon of;

the malntenance program becomes 1neff1c1ent or ineffectual.

In a private corporatlon, the 1nd1v1dua1 respon51ble forfﬁ
maintenance of buildings and grounds would likely be the in-
dividual respon51ble for maintenance of the SWMFs as well.

‘Municipalities and counties generally have a ‘Department of
.Public Works. Depending upon the size. of this Department,

either the head of the Department or someone at the next
lower level of management in an. approprlate section of the
Department would be the approprlate individual to be as-
s1gned the overall respons1b111ty for SWMF malntenance.

In any organization, the basic prlorltles of that organlza—'

" tion are ‘generally established from the top down. There-

fore, it is important that the supervisor of the designated

.1nd1v1dua1 respons1ble for SWMF malntenance also make it hls,'

’owN»-g :




. wvidual who actually accomplishes the

‘OWNERSHIP AND MAINTENANCE RESPONSIBILITY

concern to perlodlcally inguire as

maintenance- p%ogram. Ultimately, it .

to
is the responsibility

the status of the

- of those empowered to provide the neceTsary financing to set

approprlate priorities.

‘budget.

The deslignated individual
responsible for ‘SWMF ‘maintenance may also
maintenance of other types of facilities,
power and flnanc1al resources from| th

be responsible  for
all demanding man-
e same staff and

‘Where budgets are inadequate, the actual. prlorltles

. which govern . the maintenance program may vary from those in-

itially establlshed

in accordance with the perceived
;de51res of those in p051tlons of authority.

For example, if

there is a shortfall in the maintenance budget and the chief

. executive officer or councilman in charge

'constantly 1nﬁu1r1ng as to the statu
‘repair or sidewalk reconstructlon, it
will effeotlvely receive a’ hlgher priox
‘SWMFs may beco e neglected.

ity.
Unfortunately,

of public works is

. of the parking lot

these items which
The unmentioned
these faCllltleS

are often taken for granted until a problem arises.

‘Whlle.;t 1s.reLogn1zed that the”chlef_exeoutlve offloer of a

corporation or| the chief elected official
it
“that this individual recognize the import
His

has many responsibilities and concerns,

-and the need ﬁor their maintenance.

is also important
ance of the SWMFs
concerns should be

communicated down the organizational structure to the indi-

tasks in the field.

The chief OfflClal must ‘also provide appropriate financing

so that the malntenance can be reasonable

avoiding unde51rab1e consequences and'p
failure. _

- from fac111ty

G.

‘Perhaps the b
" maintenance is|
systen.
system should

appropriate fi

‘establishing controls and feedback.
‘these key actions are presented below.

1. Designate
'~ Maintenance -
detail in Secti
point a key in

‘have sufficient authority to establish j
~enough to the maintenance and supervisory
inication and coordination.

effectiVe'commL

_ADQPT;AaSXsmEM

‘Primary actions in establishi

ion 'F above.

performed is to adopt an

nancial, material, and

aﬁKey:Individualato.be
This concept is revie
A major cor
dividual hlgh enough in

est recipe for ensuring

Res
wed ‘
xsideratioh,is-to'ap«

of

th

ep
hum

accomplished, thus
roblems resulting.

that proper SWMF

ficial maintenance.

ng a SWMF maintenance
d ‘include de51gnat1ng a_key
responsible for the overall maintenanc

individual to be
rogram,oprov1Q1ng
an resources, and

rief descriptions of

ponsible for SWMF
in .considerable

e organization to

oriorities, yet close

personnel to have

of a public entity
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2. Educate the Key Individual - The key individual desig-
nated above should be made aware of the importance of the

'SWMFs and the direct possibility and consequences of facil-

ity failure if maintenance is neglected. He or she should
have a clear understanding of the priority SWMF maintenance
has relative to his or her other responsibilities. While
SWMF maintenance may not be the top priority, it should be
high enough to ensure that adequate maintenance 1s per-
formed. :

3. Establish Procedures - Appropriate procedures should be
established for developing maintenance budgets, inspecting
facilities, and scheduling and performing actual maintenance
work on both a routine and emergency basis. The procedures

should also include a means for providing feedback of in-

formation from field personnel to supervisory personnel on a
routine or priority basis, as the need arises. The proce-
dure should include proper record keeping to provide
verification of work actually completed and to assist in
preparing future budgets. Sample forms to be utilized for
these purposes are included in Chapter Four - Maintenance
Equipment and Procedures.

4. Develop Facility Plans and Maps - Record drawings of -
constructed SWMFs should be maintained at a location con-
venient for use by key personnel. When an owner or public
agency is responsible for maintenance of multiple
facilities, a site inventory map should be conveniently
available, showing the location and general type of facil-
ity. Regulatory agencies responsible for enforcement of
maintenance or for review of planning and approval of new
facilities would also find it useful to have an overall map
indicating the location of major SWMFs within their juris-
diction. The map could also include designations of exist-
ing or proposed regional SWMFs sc that the present or future
existence of these facilities can be considered at the time
of review of individual site proposals.

H. MAINTAINING NON-GWNED FACILITIES

Where one entity:assumes or is delegated the responsibility
for maintenance of a SWMF located on land owned by another

“entity, adequate provision must be made for both legal and
“physical access to the facility. The most common occurrence

of this type is the maintenance by a county or municipality
of a SWMF located on private land. Adequate provision must
be made in the project review stage to ensure that ap-

- propriate easements are designated, including buffer zones

and staging areas for equipment, as appropriate to the fa-
cility. These easements must also include provision for ac-
cess routes from the public right-of-way or along maintained
access routes. Gates should be provided at appropriate

locations in fenced areas. An access route should be ade-

OWN - 11
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quately constructed and graded to permitfentry‘by_ags-
propriate*vehleles and: equlpment. : '

Durlng the project rev1ew process, the key individual who
will be responsible: for overall facility malntenance should
have the opportunity to review the project plans and make
recommendations regarding project: features]whlch will affect
‘the maintenance effort. While the astute design englneer
“may do his. best to include all maintenance considerations in
~the facility | design, the 1nd1v1du‘1 who is actually
responsxble for maintenance in the field may be able to pro-
vide meaningful suggestlons, based upon his experlence and

Tfobservatlons.- . - L
in

rAssumptlon of Qhe respon51b111ty for mg tenance of a SWMF

may also include: assumption of an associated liability. The

significance and potential financial impact on the agency
due to this additional liability wqilldepend upon the
character and nature of the project ang surroundlng areas.
Where a major| structure such as a dam ;s involved, the
agency assuming the maintenance respon lblllty may Wlsh to
consult with its insurance adviser to determine the addi-
“tional cost of llablllty insurance. Thls liability insur-
ance cost plus the other costs associated| with maintenance
of the facility can then be estimated for an appropriate
term, such as 25 years, and the present worth of these ser-
- vices computed.  Where an approprlate mechanism is in place
for collecting land managing developer contributions, the fa-

cility owner could be required to provide: approprlate"'

- financing to offset this ant1c1pated malntenance and insur-
~ ance cost. ' -

I . SUMMARY

‘ InuanYﬂdiscussionuof’SWMF maintenance, facility ownership is
‘an important topic since, in most cases, it is the owner who
‘will be respon51ble for the long. term malntenance of the fa-
cility. Ideally, the owner will recognize and fulfill his
maintenance respons1b111t1es and recognize that he may be
liable for theIconsequences of facility failure if he fails
to provide adequate maintenance.. Unfortunately, all owners
may not recognize these respon51b111t1e5’add liabilities, or
may lack adequate resources to fulfill them. Therefore, the

- reviewing and approv1ng agency should be reasonably certain
- that the person or organization which will be responsible
for malntenance will have the legal, [institutional, man-
agerial and financial resources necessary to accompllsh the
‘required maintenance. While some private entities will pos-
sess the neces#ary resources and abilities, others will not
and it may be necessary for a public agency to. assume the
responsibility for facility maintenance,| either by intention .
‘or by default. - = » R . ' . -

. OWN - 12
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When an organization is responsible for SWMF maintenance, a
key individual within the organization must be assigned the
direct responsibility for overall facility maintenance and
be vested with adequate authority to carry it out. This key
1nd1v1dual must be aware cf the purpose of the SWMFs and

‘consequences of fa0111ty failure, particularly those fail-

ures caused by inadequate maintenance. Key executive offi-
cials of the organization should also have an appreciation
for the function and purpose of SWMFs, and should establish
and communicate to,key‘personnel’an appropriate prioritygfor

facility maintenance relative to other responsibilities. An

orderly maintenance system, including appropriate procedures

for establishing budgets, conducting inspections, ordering
work, and verifying completlon should be established. Pro- -
visions should also be made for feedback from field person-
nel regarding field conditions or other problems associated
with SWMF maintenance. An overall site'lnventory and loca-
tion map will prove useful in- managlng the maintenance ef-..
forts at multlple fa0111t1es. :

A public agency assumlng respon51b111ty for a non-owned SWMF
should give consideration to any associated liability they
are also assuming. The cost of insurance to cover such
liability as well as other maintenance costs can be
estimated for a selected period of time, such as 25 years.

‘The present worth of these costs can then be used as the

basis for a flnan01al contribution by the fa0111ty owner or |

"bulldero

Since a lack of adequate SWMF malntenance nay ultlmately.'

result in failure of a facility, consideration of both the
immediate and eventual ownershlp of, and maintenance respon-

sibility for, a proposed SWMF is an essential component of
-any pro;ect review. While often overlooked or given only

token review, consideration of these aspects of a proposed

SWMF is as important as the review of technical design
details and construction specifications.
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A.'OBJECTIVES

This Chapter of the STORMWATER MANAGEMENT FACILITIES MAIN-
TENANCE MANUAL presents both general recommendations and
spec1flc guidelines to be used in the planning, design, and
review of detention, retention, and infiltration facilities.
- The Chapter has been prepared w1th several purposes in mind:

*. To. descrlbe the character, magnltude, and extent of
stormwater management facility maintenance problems ac-
“tually observed in the field and the type and degree of
maintenance efforts required to address them.

‘% To demonstrate the direct correlation between unwise,
uninformed, or otherwise incorrect planning and design
decisions and subsequent facility maintenance problems.

- * To emphasize the ability of sound planning and design

decisions and thorough and enlightened review procedures

~ to eliminate, reduce, or facilitate malntenance efforts
' at stormwater management facilities.

oo To illustrate the cost—effectlveness of eliminating
"'maintenance problems and/or reduc1ng required

-~ maintenance efforts during a fa0111ty s plannlng, de-
<:>1' v 5,51gn, and review stages.'

: * To encouragevplanners,‘designers, and reviewers to

" consider maintenance to be as important as the
~ hydrologic, hydraulic, structural, and aesthetic aspects
- of a proposed stormwater management facility.

-* To present plannlng and design guidelines that will
promote stormwater management facilities that are as
safe, easy, and economical to maintain as possible.

E ‘B INTENDED READERS

In llght of the objectlves listed above, those who will
beneflt most from thls Chapter are: S : _

ok Progect Planners and De51gners responsible for the
‘preconstructlon development of. stormwater management
_fac111t1es. : :

* Englneerlng Department Planning Board, and other gov-

ernment agency personnel respons1ble for the review of
proposed facility de51gns.

<i>f .In_addition, the informationfcontained in this Chapter can
‘alert: ) : o ’ . : ’

PLAN - 1;
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%fCGﬁgtructianManagers.

4%@0n§truétibnEInspeCtors T o |
* ‘Contractors -

‘of ‘the need tq comply w1th the des1gn pléns and spec1flca-
‘“tions ‘as much as possible and to coordlnate any field

changes ‘to ‘the 'design w1th thenpeqple who developed it.
”anally, the'ChaptermcanfprovideE o

* '‘Project Managers

% Owners
~* Government Officials -

v . o
‘with benef1c1a1 1n51ght Anto more effectﬂve»facilityiplan-
ning., de51gn,fand rev1ew procedures. Sl L

> v E

.FDEFINKTIONS R N

‘ S |
1nto specific guidelines, let’s look at - “Some
‘why ‘we :should have ‘more than ‘just a .passing
'wlntenance durlng “the. plannlng, design, and
of a stormwater : management facility. To

fBefore gettlng

Y,
or "Stormwater ‘Management Fa0111ty"‘and we’ll use it
: present}
‘facilities. Toﬁfurther simplify our: dlscuss1on, we’ll ;agree
- ‘on.‘the follow1ng fac111ty deflnltlons.,. | : .

|
vﬁnetentlon<Eacllmty;' ﬁAgSWMF»whlch,temporarilyfimpounds:run-

‘off 7and ‘discharges it ‘through a hydraulic outlet structure

-~ ‘o :a downstream .conveyance system. Whlle‘a certain ;amount
. _iof :outflow may|:also ;occur ‘via 1nfiltratlon ‘through the sur-
.rounding 'soil, ‘such ;amounts are%negllglble when .compared to

““the -outlet : structure‘?lscharge rates and are, ‘therefore, not

e ;a «detention fa-

vﬁdurlng non-ralnfall -periods. . ::T |

TInflltratlon Jac111ty;';A 'SWMF which temporarlly 1mpounds’

:runoff rand: dlsEharge it wia dnfiltration sthrough :the ssur-
&roundlng ‘gsoil. ‘While ‘an infiltration facﬁllty ‘may also ‘be
i pped ‘with ian outlet structure to dlscharge 1mpounded
irunoff, :such discharge .is normally - ‘reserved for overflow )
“other - emergenc§ conditions. ‘Since .an inflltratlon fac1l;ty

-~ impounds runoff“only temporarlly, it is normally dry durlng
- 'mon- ra1nfa11 perlods. B o '

f‘lscu551on, we’ 1l substltute\the abbrev1atlon,

‘detention, ‘retention, -and 1nf11trat10nu

*gg, it:&stnermalquﬁry
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Retention Facility: A SWMF which, similar to a detention
facility, temporarily impounds runoff and discharges its
outflow through a hydraulic structure to a downstream con-
veyance system. Unlike a detention facility, however, a
retention fa0111ty also includes a permanent impoundment
and, therefore, is normally wet, even during non-rainfall
perlods. Storm runoff inflows are temporarlly stored above
thlS permanent impoundment.

TFlnally; to further organlze our presentation and provide

thorough coverage of all pertinent aspects of SWMF'’s, let’s
break each fac111ty type into its varlous major components.
These are:

A. Bottoms and Permanent Pcols F. Emergency Outlets

B. Dams, Embankments, and G. Low Flow Measures
Side Slopes H. Vegetative Cover

C. Principal Outlets o I. Trash Racks

D. Outflow Systems ’ J. Access

‘E. Inlets v K. Perimeters

"While most of the»component,names listed above are self-

explanatory, complete descriptions of each are presented in

Table 2-1 on Page Plan-10.  Feel free to refer,to them when-

ever necessary.

D. WHY WORRY ABOUT MAINTENANCE NOW?

We’re glad you asked that question. And now is a perfect
time to answer it, before we get into specific planning and
design guldellnes.v .

Prior to the development of this manual, the Department of
Environmental Protection’ conducted an exten51ve field inves-

'tlgatlon of more than 50 SWMFs located throughout the State.

This investigation was conducted, in part, to identify the

" nature, severity, and extent of maintenance problems at ac-

tual SWMFs and determine the role that_planning and design

‘played in the creation or worsening of those problems.

Among other results, the field investigations revealed that

"most of the observed SWMF maintenance problems, including

some which were virtually unsolvable without massive infu-
sions of time, money, and hard work, could be traced to
shortcomings in the planning and design process. These
shortcomings may have been the result of a lack of effective
planning and design standards, inadequate or inaccurate de-
sign and review procedures; or simply the failure to realize
that, someday, someone would have to malntaln the SWMF that

at the time, ex1sted only on paper.

‘Regardless of the culprit, it can be seen that the elimina-
tion of these breakdowns in the planning, design, and review
‘process will greatly reduce the incidence of SWMF mainten-
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PLANNING AND DESIGN GUIDELINES

»This_simplistic example does not include changes in interest
" rates and maintenance costs, disposal problems, or other

variables, but it clearly demonstrates how efforts to reduce

 SWMF maintenance during the planning and design stage can

have ‘a decidedly pos1t1ve benefit/cost ratio. It is also

v,lmportant to recognize that, while having a great impact on
reducing long-term malntenance costs, the use of the
‘guidelines and recommendations: presented in this Chapter

should have a minimal impact on increasing actual planning,
design, review, and even construction costs. In addition,

. as these guidelines become more a part of our regular plan-
~_ning, design, and review procedures, the extra cost to im-
~vp1ement them will become 1ess and less.

It is dlfflcult to put an exact dollar value on all of the

- benefits to be gained from the planning and design of a

"minimum malntenance" SWMF. Too often, as field 1nspectlons

'~.have shown, a poorly designed SWMF can become a serious

safety hazard, despite considerable malntenance efforts to

prevent 1t.;'These hazards range from unsafe structural con-

ditions or inadequate hydraulic capacity, which may threaten

.‘~downstream lives and property, to unintended standing water,
- which poses a drowning threat to children and adults alike.

" One. safety hazard of'particular'slgnlflcance is the creation
of mosqulto breedlng habitats. Due to their ability to
‘transmit viruses and other diseases, mosqultoes must be con-

trolled, particularly in developed areas where contact with

- humans and domestic animals is the greatest. Unfortunately,

as can be seen, these are the very same areas where most

SWMFs are constructed. All mosquitoes have four stages of

development - egg, larva, pupa, and adult. The adult female
lays her eggs on still bodies. .of water or, in some species,
on moist surfaces such as mud or fallen leaves. The water
bodies need only be mere: inches in depth and can be found in

_surface depre551ons, scour holes, tire ruts, and even in the
- voids of rlprap linings. Each batch may contain from 100 to
._f300 eggs and, depending- upon the weather and her stamina,
. the female may repeat the process several times without
~mating again. Suspended by the water, the eggs quickly
~ hatch into larvae, which then grow rapidly into pupae and
. then emerge as flying adult mosquitoes. It is possible for

mosquitoes to complete their life cycle in 7 to 10 days,

with approximately half being spent in the aquatlc stage.

Therefore, it can be seen that, wherever water remains still

nor stagnant for only 4 to 5 days, at least one generation of
mosquitoes numbering upwards of several hundred can be bred.

The longer the water remains stagnant, the greater the

- potential for’mosquito-breeding.
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PLANNING AND DESIGN GUIDELINES

"like some of those hydrologic, hydraulic, and structural

aspects you’ve mastered. Compared to them, the recommended
maintenance con51deratlons should be easy to assimilate and
even expand upon. Let’s‘brlefly review them.

1. Maintainablity

It’s a complicated word, but the concept it represents is
simple: As you plan or design your stormwater management
facility, always attempt to (1) eliminate as much required
maintenance as possible; (2) facilitate the performance of

_those required maintenance tasks which still remain; and (3)

prevent the need for emergency or extraordinary maintenance
efforts.  Project reviewers should use these three goals as
criteria in deciding the suitability of proposed SWMFs.

2. AcceSsibilitY
In order for proper maintenance to be performed, the various

components of the SWMF and, indeed, the facility itself must
be accessible by malntenance personnel_and equipment. Phys-

ical barriers such as fences and legal barriers such as
easement restrictions can negate even the best maintenance

programs. Keep in mind such things as depressed curbs,
fence gates, access'roads, manhole steps, handrails, and
other access features when you’re planning, designing, or
reviewing your next SWMF. A complete list of access
guidelines is presented in the following sections regardlng
Detention, Retention, and Infiltration facilities. .

The use of strong, durable, and noncorrodible materials,
components, and fasteners can greatly reduce required
maintenance efforts. These include; lightweight, non-
corrodible metals such as aluminum for trash racks, orifice

‘plates, and access hatches; hardy, disease-resistant grasses

for bottoms and side slopes; reinforced concrete for outlet
structures and inlet headwalls; and gabions for channel and
outlet linings. If you want your project to last, here’s
how to do it, and save maintenance dollars as well. The in-
itial 1nvestment in high quallty materlals will pay off in
the long run..

4. Constructability

The road to maintenance headaches is paved with good plan-
ning and design intentions that somehow went awry. Before
the construction plans and specifications are completed and
approved, make sure they are complete, clear, concise, and
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PLANNING AND DESIGN GUIDELINES

‘G. PLANNING AND DESIGN GUIDELINES

Now that we’ve asked our Four W’s, you may have a question
for us; namely, HOW? The following pages present technical
planning and design guidelines regarding each of the major
components of detention, retention, and infiltration
facilities. They are presented by facility type for simple
reference and include descriptive drawings and diagrams.
They’re intended to assist planners, designers, and
reviewers in developing SWMFs that require minimum levels of
simple maintenance. '

It is important to note that the guidelines presented on the
following pages should be used in conjunction with all other
hydrologic, hydraulic, structural, aesthetic, and legal re-
quirements pertinent to the proposed facility and are not
intended to replace them in any way. Remember also that
each project and facility site is unique and may require ad-
ditional or stricter measures. Therefore, the guidelines
should be combined with ingenuity and creativity each time
they’re used. '

Finally, the guidelines should serve to stimulate the devel-
opment of additional planning ideas and design approaches to
SWMF maintenance. To assist in this process, typical
maintenance problems actually observed in the field are also
presented for each facility type and component, just prior
to the technical guidelines themselves. Keep these problems

" in mind as you review and implement the guidelines.
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TABLE 2-1 (CONTINUED)

COMPONENT ' _ ‘ DESCRIPTION

' INLETS.....................Upstream surface and subsurface

conveyance measures which discharge
inflow into facility.
[All Fac111ty Types]

1 OUTFLOW SYSTEMS............Downstream surface and subsurface

conveyance systems which receive
outflows from principal outlets.
[Detention and Retention Facilities]

PERIMETER.....;............Area immediately: adjacent to
facility.
[All Facility Types]

ACCESS............;........Acces51b111ty of various components
by maintenance personnel and equip-
ment. -

[All Facility Types]

"VEGETATIVE COVER. “eeee+....Self-explanatory.

[All Fac111ty Types]

| NOTE: The cOmponent descriptions presented above have been de-

veloped for this SWMF Maintenance Manual. Other and/or
additional descriptions may be. employed in other publications
and by other jurisdlctlons and agen01es.’
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PLANNING AND DESIGN. GUIDELINES
DETENTION FACILITIES

Typical problems that impede or unnecessarily increase

proper maintenance include:

* Standing Water * Soggy Surfaces
* Poor Grass Growth *. Excessive Sedimentation
' * Limited Access

1. To promote complete emptying and prevent standing water
or soggy surfaces, vegetated bottoms should have a minimum
slope of 2 per cent and be graded to the outlet structure or

"low flow channel.

2. To promote complete emptying and prevent standing water
or soggy surfaces, the lowest point in the bottom should be
at least 4 feet above the seasonally high groundwater level
or bedrock unless adequate subsurface drains are provided.

3. To provide adequate drying time, to avoid delaying sched-
uled maintenance efforts, and to prevent mosquito breeding,
the maximum storage or ponding duration should not exceed 48
hours. v

4. To avoid delaying scheduled maintenance efforts, topsoils
and subsurface soils should be sufficiently permeable to al-
low both rapid infiltration and evaporation.

5. Subsurface drains connected to the principal outlet
structure, low flow channel, or other discharge point are
encouraged to promote quick and thorough drying of the fa-
cility bottom. 1In 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
details.)

6. To minimize routine grass maintenance such as mowing and
fertilizing, the use of grass varieties that are relatively
slow growing and tolerant of poor soil conditions are en-
couraged. Information on grass varieties and mixtures are
available from such agencies as the local Soil Conservation
Districts. (See H. VEGETATIVE COVER for additional de-
tails.) S . v

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 pollutants. (See H. VEGETATIVE COVER for additional
details.) ' '

8. To facilitate removal efforts, sedimentation should be
promoted at localized,; readily accessible areas. The use of
sediment traps at inflow and outflow points is encouraged,

PLAN - 13
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DETENTION FACILITIES®
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PLANNING AND DESIGN GUIDELINES
DETENTION FACILITIES

face and subsurface soil stabilization measures or non-

~vegetated linings should be utilized as necessary. In doing

so, avoid the use of loose stones, riprap, and other ir-
regular lining materials which require hand removal of weeds
and debris and may be a safety hazard to maintenance person-

nel.

5. All nonvegetative linings which are bordered by grass

should be designed to permit complete mowing along all
edges. '

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

7. For safe movement of personnel 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.

C. PRINCIPAL OUTLETS

’Typlcal problems that impede or unnecessarlly 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 II cement
and having a specified 28-day compressive strength of 3,000
PSI. Concrete shall be designed in accordance with all ap-
plicable codes and requirements, including the current edi-
tion of Building Code Requirements for Building Construction
(ACI 318) of the American Concrete Institute.

2. For durability, all appurtenances, including access
hatches, trash racks, gratings, railings, orifice and weir
plates, and fasteners should be constructed of lightweight,
noncorrodible materials. Material strengths should be suf-

,'ficient to withstand design loads without damage or failure.

3. Outlet orifice and weir plates should be constructed from
aluminum or other lightweight, noncorrodible material. The
plates should be fastened to the structure with non-
corrodible, 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 future expansion.
(See PLATE 2-A for additional information.)
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PLANNING AND- DESIGN GUIDELINES.
DETENTION FACILITIES

4. To facilitate access and movement by maintenance person-
nel, principal outlet structures should have a minimum

»'horlzontal interior dimension of 4 feet. (See J. ACCESS for
v addltlonal details.) : ’

5. Vital parts of the principal outlet structure should be
readlly and safely accessible to maintenance personnel dur-
ing both normal and emergency conditions. Temporary
measures such as ladders are only acceptable for emergency
conditions as part of an approved emergency action plan.
(See J. ACCESS for addltlonal ‘details.)

6. To minimize both required malntenance and the con-
sequences of inadequate malntenance, principal outlets
should avoid utilizing mov1ng parts for outflow control

whenever p0551b1e.‘

7. To facilitate cleaning, outlet pipes should have a mini-
mum diameter of 18 inches. The pipes should be constructed
of durable materials, such as reinforced concrete.

8. Grading and landscaping around principal outlet struc-
tures should be designed to facilitate mowing, trimming, de-
bris removal, and other general maintenance tasks. Grassed
slopes which require mowing should not exceed 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 which provide maintenance personnel with'
firm footing should be provided at the upstream face of
principal outlet structures. Linings such as reinforced
concrete, gabions, and grouted riprap should‘be considered.

10. All nonvegetatlve linings which are bordered by grass -

should be de51gned to permlt complete mowing along all
edges.

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

12. Principal outlet structures should be designed to dis-
courage vandalism and graffiti.

PLAN - 17
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PLANNING AND DESIGN GUIDELINES

DETENTION FACILITIES

VI id

Typical'pfoblems that impede or unnecessarily increase

proper maintenance include:
| .

* pDifficult to Clean
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% Dlsplaced Lining

1. The outflow conveyance system downspream of a detention
facility should have adequate capacity to accommodate facil-

ity outflows. |
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reguired drawdown times.

2. Outflow velc
mentation and 1

3. Manholes, gz

be provided for

additional deta

E. INLETS

T e O W o S 7DD T B

Typical probl
proper maintena

* Difficuy
* Excessi

1. The number
kept to a minin
let as possible
downstream lini
and culverts s

section with adequate cuteoff walls. | |

cities should be high enouqh to prevent sedi-
ow enough to prevent eroslom and scour.

tes, and other sultable access p01nts should
cleaning and inspection (See J. ACCESS for
ils.)

ems- that impede or unnecessarily increase
nce include:

11t to Clean
ve Sedimentation

% Er051on and Scour
% Dlsplaced Lining

num and placed as close Fo the principal out-
>, This will minimize the amount of ”equlred
1114 and low flow channel%a All inflow pipes
hould terminate at a headwall or flared end

2. Linings plac

commodate de51gn flows without erosion| or scour.

ced downstream of fa0111£y Pnlets should ace
They

should also fa0111tate removal of sedlment and debris.

Aveoid loose s%one, riprap, and otherwlr

: %egularlv shaped

‘linings which requlre hand removal of weeds, sediment, and

debris.

(See A. BOTTOMS for additional detalls )

3. Consideration should be given to pla01ng localized sedi-
ment and debris traps immediately downstream of Fac111ty in=

lets. (See A.

BOTTOMS for additional detalls )

4. Provisions to minimize sediment from enterlng the facil-

ity should be

considered. Street sweeping, upstream sedi-

mentation basins and offsite soil stablllzatlon measures can

|
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'PLANNING AND DESIGN GUIDELINES
DETENTION FACILITIES.

significantly reduce the frequency of required sediment

H.removal operatlons..

5.'To facilitate cleaning, inflow pipes should have a mini-

‘mum diameter of 18 inches. For durability, the plpes should

be constructed of reinforced concrete.

6. Gradlng and 1andscap1ng around fac111ty inlets should be
ade51gned to facilitate mowing, trimming, debris removal, and

other general maintenance tasks. Grassed slopes whlch re-

- quire mowing should not exceed 3 horlzontal to 1 vertical.
. Vegetated cover which does not require mowing or non-

vegetated linings should be used where steeper slopes are
necessary. -

ps_7.lstable areas whlch provide maintenance personnel Wlth
- firm footing should be provided at facility inlets. Linings

such as reinforced concrete, gabions, and grouted riprap

. should be considered.

_8;‘Alllnonyegetat1ve linings which are bordered by grass
~should be des1gned to permlt complete mow1ng along all

edges.

9. Dry weather flow from a fac111ty inlet should not 1nter-

fere w1th routine maintenance tasks. Benching, low flow
pipes and channels, drop structures, or similar measures
should be utilized to convey low flow from the inlet to the
‘ pr1nc1pa1 outlet

F;‘EMERGENCY OUTLETS

Typlcal problems that impede or unnecessarlly increase

'y'proper malntenance 1ncludef

‘% Difficult to Clean = * Er051on and Scour
* Excessxve Sedlmentatlon * Displaced Lining

1. Grass and other vegetatlve cover 1s'encouraged whenever

“flow velocities and other design constraints permit. Sur-

face and. subsurface soil stabilization measures should be
utilized to 1ncrease allowable flow velocities and to reduce
erosion and scour. [Note: Safe passage of emergency over-

flows must receive first priority and must not be com-

promlsed by selectlon of emergency outlet lining.]

2. Where nonvegetatlve llnlngs are requlred (see 1 above),
loose stone, riprap, and other irregular linings which re-

 quire hand removal of weeds and debris should be avoided.

PLAN - 19



DETENTION FACILITIE

3. All nonvegetative linings which a
.should be desﬁgned,to permit compl
| o

‘edges.

4. See B. DAHMS
regarding emergency outlet side slopes.
| |

G. LOW FLOW ME%S@RESv

lems that

a

% Erosi@g and Scour
.*_Settle?ent

1. To insure %harough drying of the f{
flow channels should have sufficient ca
normal, dry weather discharges from th
the principal‘outlet structure withou
resultant channel size should not be c
simply to allow the use of readily ava

. : [ oo .
ials or construction eguipment.

impede
nce include: '

Typical prob
proper mainten

|

uc
2. Design velocities in low flow chan
enough to prev%nt sedimentation and 1lc
erosion of linings. : »
3. To simplifwaowing and minimize trimn
flow channels are recommended whenever
ties, smooth ﬁliqnment, and thorough ¢
events can be achieved. Please note th
vent sedimentation, grass lined low £l
quire steeper bottom slopes than those
" materials such |as concrete. ”

4. Where low flow channels with nonveget
‘gquired, the use of gabions, concrete,
- other durable material with a relative
‘recommended to facilitate trash and

PLANNING AND DESIGN GUIDELII
S

re k
ete

EMBANKMENTS, AND SIDE SLOPES f

oY unnece

#* Difficult tc

NES

bordered by grass
mowing along all

or information .

ssarily increase

» Clean oy Mow

* Excessive Sﬁdimentaticn

‘ .
'ac}lity bottom, low
ipacity to convey the
e facility inlets to
t overtopping. The
hosen arbitrarily or

ilable lining mater-

nels should be high
ow enough to prevent
ting, grass lined low
non-erosive veloci=
irying between storm
at, in order to pre-
ow channels will re-
lined with smoother

:at%ve lining are re-
grouted riprap, or
1y bmooth‘surface:is
debris removal and

simplify mowiﬁg and trimming of adja
Avoid the use of loose stone, riprap,
with irregular surfaces which
trash, and debris.
5. Low flow cthnel‘underdrains connec
outlet structure or other downstream
recommended to promote quick, thorough
low flow channel and facility bottom.
additional information.) :

require hand

penk grassed areas.
~and other materials

'removal of weeds,
ted]to the principal
diécharge point are
1y drying of both the
(See PLATE 2-B for

l
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NOTES: -

1. PROVIDE 4"¢ WEEP HOLES IN' CONCRETE CHANNEL 12’ '0.C. (MAX.)
OR EVERY 100 S.F. OF LINING (WHICHEVER IS LESS). WEEP HOLES

MUST NOT BE DIRECTLY CONNECTED TO ANY LOW FLOW CHANNEL

UNDERDRAIN PIPE. PLACE
HOLES.

GEOTEXTILE FILTER FABRIC UNDER WEEP

2. PROVIDE CONSTRUCTION AND EXPANSION -JOINTS IN CONCRETE

AT REQUIRED: INTERVALS.

3. PROVIDE CUTOFF. WALLS AS REQUIRED

VEGETATED BASIN BOTTOM

CHAMFER

SLOPE = 2% MINIMUM —

EXPOSED WELDED WIRE FABRIC
EDGES- CONCRETE ~
: .'. A ) v|_|
6:!M|N. v B - |
s f= . \_FILTER FABRIC
BROKEN STONE -/ "2 (GEOTEXTILE)

UNDISTURBED SOIL —

SECTION
- (NO SCALE)

REINFORCED CONCRETE
OUTLET STRUCTURE —

ORIFICE PLATE

ORIFICE TRASH RACK -
-NOT SHOWN. SEE PLATE
2—C ON PAGE PLAN-25 &
PLATE 2—H ON PAGE PLAN-52 -

REINFORCED CONCRETE
LOW FLOW CHANNEL

PERFORATED UNDERDRAIN
PIPE CONNECTED TO OUTLET
STRUCTURE (SEE NOTES 4 & 5)

 —TOP GRATING

REINFORCED CONCRETE
OUTLET PIPE

IERERNEEERRNERNEREN KN

_WALL OPENING |
FOR ORIFICE

BROKEN STONE

- PERFORATED :
~ UNDERDRAIN PIPE -

CONNECT UNDERDRAIN
TO OUTLET STRUCTURE
(SEE NOTES 4 & 5) —

4. FOR GABION LINED LOW FLOW CHANNELS,
‘PROVIDE - WEEP HOLES' IN UPSTREAM FACE

- OF QUTLET STRUCTURE AT DOWNSTREAM
END OF GABION LINING. GABION LINED
CHANNEL CAN THEN SERVE AS ITS OWN
UNDERDRAIN.’

5. WHERE THE RATE OF FLOW THROUGH THE

UNDERDRAIN -SYSTEM IS A CONCERN
RELATIVE TO THE STORM WATER. QUALITY
CONTROL, THE UNDERDRAIN SYSTEM SHOULD
BE DAYLIGHTED UPSTREAM OF THE -

- CONTROL STRUCTURE.

SEE TEXT FOR ADDITIONAL INFORMATION

CONCRETE
BENCHING _l

RET s

'PROFILE_
(NO SCALE)

\- INSTALL NON—CORRODIBLE
WIRE MESH RODENT GUARD

- NJDEP
SWMF MAINTENANCE MANUAL

LOW FLOW CHANNELS
'AND UNDERDRAINS
TYPICAL DETAILS

PLATE 2-8B

PLAN - 21.
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PLANNING AND DESIGN GUIDELINES
DETENTION FACILITIES ‘

2. Where disturbance of existing vegetation cannot be
avoided, replacement with low maintenance vegetation with
strong resistance to disease and allelopathic' (self-weeding)
characteristics is encouraged. In general, grass will be
easier to establish and will provide better erosion protec-
tion 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 fixing species, such as white clover and other
legumes. In addition to minimizing maintenance costs, a
reduction in required fertilization will also minimize the
potential pollution effects of nitrogen and nitrate runoff.

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 thickness of 6 inches is recommended. :

- 5. Construction plans and specifications should include re-

quirements for establishing and maintaining all vegetative
covers.

6. The effects of sediment removal from vegetated surfaces
should be considered in the selection of appropriate cover.

.

7. Additional information on vegetative covers is available
from such agencies as the USDA Soil Conservation Service,
local Soil Conservation Districts, the South Jersey Resource
Conservation and Development Council, the N.J. Cooperative
Extension Service of Rutgers University, and County Coopera-
tive Extension Service offices.  Consultation with these
agencies during facility planning, design, and review is en-
couraged. ' :

I. TRASH RACKS

Typical problems that impede or unnecessarily increase
proper maintenance include:

* Difficult to Clean * Difficult to Remove
* Structural Failure * Excessive Debris

PLAN - 23
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\ i
| :

1. Trash racks are intended to prevent trash and debris from
‘blocking a detention facility outlet by intercepting it at

an upstream pohnt Therefore, the need for a trash rack

:should be based upon the relative 51zes and shapes of both
~the outlet opening and the anticipated debrls as well as the
-.consequences of outlet clogglng Spec1al con51derat10n
should be given to subsurface fa0111t1eq i

2. FOrﬂdurahilhtY» all trash rack components, including
bars, hinges, fasteners, and clamps, should be constructed

- of lightweight| noncorrodible materlal such as aluminum.

The components should have suff1c1ent1des1gn strength to
withstand anticipated loads caused bwaa0111ty outflows,
debris, and, where necessary, malntenancF personnel.

3. To facilitate cleaning, trash racks >u1dzbe‘compri$ed
primarily of sloping bars aligned longltudinally (in the
direction of flow). Perpendicular bars, aligned transverse
~to‘the:direct1on of flow, should be added  for strength and
- rigidity. These transverse bars should be located below the

top face of the longitudinal bars and, if | p0551b1e, should
be round in section. ((See PLATE 2-C for addltlonal detalls Y

, - To minimize the frequency of cleanlng, trash rack bars
should be spaced close enough to collect debris which may
block the outlet orifice or weir but allow passage of small=
. er & bris whlch will not. In general, longitudinal bars
- sk aced -a distance equal to 1/3; the diameter of the

ce: or 1/3 the width of the outlet weir.

,and maximum spacings of I inch and 6 inches on center,'

respectively, are recommended. Transverse bars should be
- spaced as nece?fary for strength ‘and rlgldlty (See PLATE

2-C for addltlo al detalls )

5. Trash racks: . should be hinged or attached with non=
corrodlble, removable fasteners to allow access to the out-
let orifice or‘welr by maintenance personnel Lightweight
trash racks. are easier to lift, repalry ‘and clean behlnda
(See PLATE 2-€C for additional detalls ) ‘

- ; y=1s dry an . 1f necessary, at the fac111ty ‘s maxi
’de51gn~water surface ‘elevation. Stable areas of adequate

. size should be prov1ded around’ a trash: rack to provide firm
footing for maintenance personnel and equrpment Concrete
pads or other firm surfaces. are: recommended, ' -

3

i
|
i
\
1
|
|
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UNHINGED RACKS_SHOULD BE -
MOUNTED ON SUITABLE SEATS
EMBEDDED- IN WINGWALLS, SEE
TOP- RACK DETAIL —

LONGITUDINAL RACK BARS
SHOULD BE RECTANGULAR
IN SECTION. RECOMMENDED

SPACING = 1/3 ORIFICE
DIAMETER. (MINIMUM. 1. INCH).

-UIGHTWEIGHT
. NONCORRODIBLE
TRASH RACK

'BEVEL BAR ENDS
TO MEET BOTTOM
SLAB

TRANSVERSE BARS SHOULD
8E RECESSED BELOW THE
TOP FACE OF TRASH RACK.

STRENGTH. CIRCULAR SEC—
TION PREFERRABLE.

SEE PARAGRAPHS 3, 4, AND '5 ON PAGE PLAN-24
FOR ADDITIONAL INFORMATION

- STRUCTURE TOP

HINGES FACILITATE
UFTING AND ACCESS.

ROUND BAR ENDS
TO PERMIT RACK "
TO SWING UP

WINGWALL SLOPE
GREATER THAN OR
EQUAL TO SLOPE .
OF DAM/EMBANKMENT
MAXIMUM SLOPE = -
2 HORIZ. : 1 VERT.

TRASH RACK PROTECTS
OUTLET ORIFICES.
RACK SHOULD BE
ACCESSIBLE FROM

/

LIGHTWEIGHT,

NONCORRODIBLE RACK ——l

PROVIDE ANCHORED SEAT
FOR RACK. SECURE RACK
WITH REMOVABLE, NON—
CORRODIBLE FASTENERS.
HINGES AND LATCH
FACILITATE ACCESS TO
STRUCTURE INTERIOR

FORMS RA SR 7 (:
SEAT — a3 d T
ar B = e NONCORRODIBLE
Al A REMOVABLE
L L || !! : EXPANSION
Top e S ANCHOR BOLT
- ) . .

" o o

N

B /NN
i

NG
<\)\¥AN"cHOR N

<« .

+%F  SWMF_MAINTENANCE MANUAL

CONCRETE

TOP RACK ENCLOSES OUTLET
STRUCTURE, AND PROVIDES
OVERFLOW CAPACITY AND
INTERIOR- ACCESS. BAR
SPACING' AND STRENGTH
SHOULD- PROVIDE SAFE
FOOTING FOR MAINTENANCE
PERSONNEL. - -

REINFORCED CONCRETE
_ OUTLET STRUCTURE,
SEE PLATE 2-B.

NJDEP

Yy @A 4
%//////// 7
_7352/ ' : AS!N e San,

" DETENTION BASIN
TRASH RACKS
TYPICAL DETAILS

PLATE 2-C
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i

?J. ACCESS

;Typlcal problems that impede or unnece:sarily increase;

proper malntenance 1nclude' i 7 _;

- Heavy Gratlngs -and Hatches »
‘Corroded Locks:
Lack of Fence Gates

* Tnadequate or Unsafe Access to Fa c°lity~Components -
* !
* 1

‘lg The fa0111ty must ‘be readily access1b1e from a. street or
other public- rﬂght -of-way. Inspection and‘malntenance ease-

ments, connected to the street or rlght -of-way, should be
provided around the entire facility. |The exact limits of
. the easements and rights-of-way should be specified on the

_prOJect plans and other approprlate documents.

\

2. Fleld evaluations conducted durlnq the development of

this Manual indicate that readily v151ble detention fac11—
ities receive more and better malntenance than theose in 1ess
visible, more remote locations. This flndlng should be kept
in mind during overall site 1ayout‘ Readily visible

facilities can|also be 1nspected faster and more ea51ly by

- maintenance and mosqulto control personnelm

{
l

3. Access roads and gates should be w1de enough -to alleW"f

passage of necessary malntenance vehlcles and equipment, in-
cludlng trucks, backhoes, ‘grass mowers,sand mosquito contirol
equipment. In| general, a minimum right- of-way width of 15
feet'and_a,minlmum roadway width of 12 feet is recommended

4, To facilitate entry, a curb cut should!berprov1ded where
an access road meets a curbed roadway. ? :

" 5. To allow safe movement of maintenance vehlcles, access

ramps should be provided to the bottoms of all detention

ffa0111t1es greater than 5 feet in- depth Access_ramps

'svshould not. exceed 10 per cent in grade.

1 |
{
| |

>61 Access roads and ramps should be stable and sultably

lined to prevent rutting and other damage by malntenance
_vehlcles and equipment. ‘

When backing-up is difficult or- dangerous, turnaround

’areas should be provided at the end of. all laccess roads.
1 1

8. To expedlte overall maintenance efforts, vehlcle and

guipment staglng areas should be:- prov1ded at or near each
ffacrllty 51te. _ : S
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9. A suitable number of gates should be provided in all
fences. The gates should be wide enough to allow passage of
necessary equipment and personnel. They should be ap-
propriately 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 noncorrodible chain and pad-
lock. This will permit the installation of additional pad-
locks on the chain (each padlock becomes a link in the
chain), thereby allowing 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 facil-

ity component. 1In doing so, avoid remote component loca-
tions, steep slopes, unstable surfaces and llnlngs, and nar-
row walkways. : :

11. Suitable access should be prov1ded along both 51des of a
fence for mowing, trlmmlng, and fence repair.

12. Safe, suitable access for maintenance personnel and
equipment should be provided to the interior of the princi-
pal outlet. In doing so, avoid heavy hatches, gratings, and
other covers. Railings, grab rails, sllp resistant steps,
low flow channels, benchings, and hinged, lightweight access
covers greatly facilitate interior maintenance. Sufficient
interior space should also be provided. A minimum horizon-
tal dimension of 4 feet is recommended. ' '

13. At subsurface detention facilities, suitable access, ob-
servation points, and monitoring wells should be provided to
allow 1nspectlon and cleaning. Access should be provided to
all major facility 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.qg.,

‘Jet-Vac). All access points should be at safe locations on

the surface which can be readily accessed, safely bar-
rlcaded and clearly 1dent1f1ed. - .

K. PERIMETERS

Typical problems that‘impede‘or unnecessarily increase
proper maintenance include:

% Difficult to Mow or Clean . * Inadequate Size
’ * Too Close to Adjacent Structures

1. Field evaluations conducted during the development of
thls Manual indicate that readily v151b1e detention fa011—
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PLANNING AND DESIGN GUIDELINES
. FOR =
STORMWATER INFILTRATION FACILITIES

OVERVIEW

vThe follow1ng Plannlng and Design Guldellnes are intended to

assist in the creation of stormwater infiltration facilities
that require the least practical level of maintenance. To

‘accomplish this, they have been developed to (1) eliminate

avoidable maintenance tasks, (2) minimize the long term
amount of regular maintenance, (3) facilitate the perform-
ance of required maintenance tasks, and (4) reduce the po-
tential for extensive, difficult, and costly.remedial or

'emergency malntenance efforts.

As such the guldellnes presented herein are 1ntended to
supplement all other applicable infiltration facility stan-
dards, 1nclud1ng those pertaining to hydrologic, hydraulic,
structural, environmental, legal, and aesthetic aspects.
They should also be used creatlvely in conjunctlon with all
other applicable standards to create stormwater infiltration

facilities that require minimum levels of maintenance per- .
»formed w1th the 1east poss1b1e effort tlme, and cost.

To as51st in their use, .the Plannlng and Des1gn Standards

are presented by 1nf11tratlon facility component in the fol-

‘1ow1ng order°‘

A. Bottoms : - D. Emergency Outlets

- B. Dams, Embankments, and ' E. Vegetative Cover
, Side Slopes F. Access
C. Inlets ‘ ' , G. Perlmeters

Detalled descrlptlons of each fac111ty component listed
above are presented in Table 2-1 on Page Plan-lo.

At the beglnnlng of each component sectlon presented below
'is a list of common maintenance problems that the guidelines

which follow have been developed to prevent. These prob-
lems, which have been identified through surveys, inter-

" views, and site 1nspectlons, are intended to enhance the ef-
‘fectiveness of the guidelines by illustrating the guide-
lines’ origins and purpose. They should also serve to

stimulate the development of additional guidelines'by in-

filtration facility planners, designers, and reviewers.
More detailed information regarding. infiltration fa0111ty

maintenance problems and their causes can be found in the
NJDEP’s Ocean County Demonstration Study Report. Additional
information regardlng infiltration facility planning and de-
sign is published in the NJDEP’s A Guide to Stormwater Man-

‘agement Practlces in New Jersey.
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‘Typical problems that impede or unnecessarily'increa%e"

'proper malntenance 1nclude°

‘”H‘Surfaces :
xXcessive Sedlmentatlon :

“‘* L1m1ted Access

lsﬂTbé‘infiltratlon rate of the 5011 w1ll'determine a s1tegs

"¢suitability'as an infiltration facility. 1In general in=

filtrationvfac111t1es should only be constructed in areas of
Hydrologic Soil Group A or B as’ deflned by the USDA Soil
Conservation Service.. Borlngs should be taken at the facil-

ity site to ascertain the characteristics of both the sur-

face and subsurface soils. In no case|should an 1nflltra-

~tion fac111ty be constructed if the infiltration rate of the

.5011 is less th%n 0 52 inches per hour.

2. To provide adequate drylng tlme, to avoid'delayinquChedﬂ

uled maintenance efforts, and to Pprevent mosquito breeding,

the maximum sto‘age or’ pondlng duratlon sh0uld.not’exoeedﬁ48

hours,

3. To promote
water or soggy
the facility should be at least 4 feet above the seasonally

“high groundwate% level or bedrock. - Subsurface drains may be

utilized to' lower groundwater levels and/or promote completeu

vlnflltratlon., (See No. 4 below )

4. To promote “omplete 1nfrltration:and preVent standing

water or soggy| surfaces, vegetated bottoms should have a

minimum slope of 1 percent and be graded to a stone fllled

trench. This trench should be located at the lowest polntj'v
‘in the bottom and’ extend to all inlet p01nts. Gablons are

recommended for®
tlon of the tr“

use in construc ing the| trench. The eleva-
nch bottom should be at least 4 feet above

PLATE 2—D ‘for ad |

dltlonal 1nformatlon )

, 5~_Tomav01d de
- should be suffic
and drying. ‘

vently permeabwefto allow rapld evaporation

6.:In‘order'to prevent slob ‘gicaused b ‘seepage of
filtrated water|, an infiltraf vnﬂfac111ty ‘should not be

cated on or near a steep slope. In general oa fac111ty

_should- not be constructed where nearby slopes exceed 20 per L
~.cent. . , » _

'*7;.Sé@iméntvfrom constructlon opervtloS?“wi#"
'fsoil;pores-quam,”umuu.gsl,x;l:y .

omplete 1nf11tratlon and prevent standlng'
surfaces, the lowest p01nt in the bottom of

r>level or’ bedrock (See»-

qxscheduled malntenance efforts, topsolls

N
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GABION

BEDROCK | |

NOTE:

BASIN BOTTOM

— GABION TRENCH

ALONG BASIN . , o
BOTTOM. EXTEND
INFILTRATION TO ALL BASIN' ~ VEGETATED BASIN
BOTTOM SLOPE

INFLOW POINTS.

o 1% MINIMUM'

. FILTER FABRIC
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PLANNING. AND; DESIGN: GUIDELINES:
INFTLLTRATION' FACILITIES:

expensive. maintenance work: ewven: before: the facility  is plae--
ed' into: normal operation. Therefore, an infiltration: facil-—
ity should not be used for sediment control purposes. during;
construction: and, consequently, should nqt be constructed-
until the: upstream drainage area is fully developed: and: ade-
quately: stabllﬂzed _If that is not feasible, the facility.
should only be: partlally excavated: until all disturbed areas:
have been stabilized or protected. Thereafter, final ex-
cavation to: flylshed grade should also include removal of
w'i\depos1ted sediment.. - Under no circumstances: should a
subsurface: infiltration facility (e.g., drywell, seepage

pit, infiltration: trench, ‘etc ) be used for sediment control
during construction. - ’ ‘

8. ﬁuring;c@nstruﬁtiam;,heavy}equipment should not be: al—v
lowed on: the: facility bottom. Compaction of the natural
subgrade: can: seriously impair the infiltration rate.

9 - As an alternatimewtoﬁvegeﬁative,co%er,»a,Lz“‘Layeneqﬁ
erial, such as coarse sand, may be considered in

© bottom:. This layer of material can be cleaned,
¥ | replaced. as necessary.. Prior to the selec—
ernative material, such factors as. aesthet-
and movement. of’ malntenance personnel and:
the bettom must be considered. (See PLATE.

-rcutlne grass maintenance'such as;,’ m®w1ng anda
. use: of grass varieties| that are relati Ly
low: grow anand tolerant of poor soil conditions are en-

couraged. Information on these and other grass varletles

and mixtures are available from local Soil Conservation Dis-
tricts. (See E. VEGETATIVEiCOMER&for~adﬁitlonal details:. )

11. To prom@teplastlng growth, grasses and, other'veqetative
covers: should be compatible with the: prevalling weather and
soil conditions and tolerant of perlodle‘ indation: and

’ pollutants. (See E. VEGETATIVE COVER for ad-

harmful runoff
_dltlonal details..): ‘ ]

12. To facilitate removal efforts, sedimentatlon should be
promoted at localized, readily acces51b}e areas. The use of
sediment traps at 1nflow points is encouraged, espe01a11y
. those lined with materials which. have;s‘oothr,ea511y cleaned
surfaces such las concrete. For this reason, the use of
loose stone, riprap, and other irregular linings which re-
. quire manual removal of weeds, sedlmenp_ and debris should
be. avoided. o : . 1 - 3

l3.vSu1table:ac¢eSS for=maintenancerpersonnel and: equlpment
shouldlbe,provideda (See F. ACCESS For detalls )
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| FOR ADDITIONAL INFORMATION o PLATE 2-E
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'PLANNING AND DESIGN GUIDELINES |
INFILTRATION FACILITIES

5. All nonvegetative llnings'whlch are bordered by grass'
should be de51gned to permit complete mowing along all
edges.

6. The effects of rapld pool drawdown should be checked to
prevent sloughlng. : :

7. For safe movement of personnel~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.

Typical. problems that 1mpede or unnecessarlly increase

proper malntenance 1nclude.

* D;fflcult-to Clean *_Erosicn‘and Scour
* Excessive Sedimentation * Displaced Lining

1. All inflow pipes and culverts should terminate at a head-

wall or flared end section with adeqUate cutoff walls.

2. Llnlngs placed downstream of fa01llty 1n1ets should ac-
commodate design flows without erosion or scour. They
should also facilitate removal of sediment and debris.
Avoid loose stone, riprap, and other irregularly shaped
linings which require hand removal of weeds, sediment, and
debris. (See A. BOTTOMS for additional details.)

3. Consideration should be gi%envto placing localized sedi-
ment and debris traps immediately downstream of facility in-

~lets. (See A. BOTTOMS for additional details.)

4. Provisions to minimize sediment from entering the facil-
ity should be considered. Street sweeping, upstream sedi-
mentation basins and offs1te soil stabilization measures can
significantly reduce the frequency of required sediment
removal. operatlons.

5. To facilitate cleaning,'inflOW’pipes'shonld have a mini-
mum diameter of 18 inches. The pipes should be constructed
of durable materials, such as reinforced concrete.

6. Grading and landscaping around facility inlets should be
designed to facilitate mowing, trimming, debris removal, and
other general maintenance tasks. Grassed slopes Wthh re-
quire mowing should not exceed 3 horizontal to 1 vertical.
Vegetated cover which does not require mowing or non-
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PLANNING AND DESIGN GUIDELINES

INFILTRATION FACILITIES |

vegetated linings -should be used where eeper slopes are
nhecessary. : ' i

7. Stable areas which provide ma1ntenancerper$onnel with
firm footing should be provided at facility| inlets. Linings
such as reinforced concrete, gabions, and grouted riprap
should be considered.

8. All nonvegetative linings which are bordered by grass
should be designed to permit complete mowing along all
edges.

OUTLETS

Typical problems that impede or unnecessarily increase
proper maintenance include: !

* Difficult to Clean * Erosion and Scour
~ * Excessive Sedimentation *# Displaced Lining

1. Grass and other Vegetatlve cover is encouraged whenever
flow velocities and other design constralnts permit. Sur-
face and subsurface soil stabilization measures should be

utilized to increase allowable flow veloc1t1es and to reduce

erosion and scour. [Note: Safe passage of emergency over-
flows must receive first priority and must not be com-
promised by seléctlon of emergency outlet llnlng ]

2. Where nonvegetative llnlngs are requlred (see 1 above),
loose stone, rﬂprap, and other 1rregular llnlngs which re-
quire hand removal of weeds and debris should be avoided.

3. All nonvegeFatlve linings which are bordered by grass
should be des1qned to permit complete mowing along all
edges. ’

4. See B. DAMS, EMBANKMENTS,AND SIDE SLOPES for information
regarding emergency outlet 51de slopes.

E. VEGETATIVE CPVER

Typical problems that 1mpede or unnecessarily increase
proper maintenance include:

* Excesslue Sedlmentation *. Erosion and Scour
* Difficult to Mow ‘% Poor Growth ‘

i

i
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PLANNING AND DESIGN GUIDELINES S e
INFILTRATION FACILITIES ‘

1. To minimize maintenance efforts, the use of existing, un-
disturbed site vegetation is encouraged. To do so, the ex-

‘isting site topography must provide adequate storage volume.

2. Where disturbance of existing vegetation cannot be
avoided, replacement with low maintenance vegetation with
strong resistance to disease and allelopathic (self-weeding)
characteristics is encouraged. In general, grass will be
easier to establish and will provide better erosion protec-

tion 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 fixing species, such as white clover and other
legumes. ' In addition to minimizing maintenance costs, a
reduction in required fertilization will also minimize the
potential pollution effects of nitrogen and nitrate runoff.

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 thickness of 6 inches is recommended. The effects

of this topsoil on the basin’s ability to infiltrate storm-
water runoff must be considered in the basin’s design.

5. Construction plans and specifications should include re-
quirements for establishing and maintaining all vegetative
covers.

6. The effectS’of sediment removal from»vegetatéd surfaces
should be considered in the selection of appropriate cover.

7. Additional information on vegetative covers is available
from the USDA Soil Conservation Service, local Soil Conser-
vation Districts, the South Jersey Resource Conservation and
Development Council, the N.J. Cooperative Extension Service
of Rutgers University, and County Cooperative Extension Ser-

~vice offices. Consultation with these agencies during fa-

cility planning, design, and review is encouraged.
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PLANNING AND DESIGN GUIDELINES -
INFILTRATION FACILITIES

'cessarlly 1ncrease

. ,
le‘from a street or

t“of-way,“
. lThe exact 1 mlts of
=y ould belspec1f1ed on the
“F_qe docﬁmewts.

ble-ﬁaCJ ities receive

ing overall site layout. Readily visible facilities can

also be inspected faster and more easily by malntenance and
:mosqulto control personnel. : l

’3. Access roads and gates should be w1de enough to- allow'

ks, backhoes, grass mowers,

In general, a minimum right- o;-way

- 'equilp : id
feet and a mlnlmum roadway width of 12 feet 1s recommended,

4. To fac111tate entry, a curb cut should be prov1ded where'
wan access road meets a curbed roadway.

of all infiltrat
All ‘access- ra ps

When backlng-up 1s dlfflcult orw"

facility 51te.

‘_”9. A sultable number of gates should be}prov1ded 1n all
- fences.. The gates should be wide enough to allow ' ’
'”:necessary equlpment and personnel Th Y should be ap=

R PLAN - 38

t of

vehlcles, o

i:>



~

<::

PLANNING AND DESIGN GUIDELINES
INFILTRATION FACILITIES

propriately 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 noncorrodible chain and pad-

lock. This will permit the installation of additional pad-
locks on the chain (each padlock becomes a link in the
chain), thereby allowing authorized access through the gate

- by more than one person without the need for multiple keys.

'10.-Safe, sultable access for maintenance personnel and
- equipment should be provided to the exterior of each facil-

ity component. In doing so, avoid remote component loca-
tions, steep slopes, unstable surfaces and linings, and nar--

~ row walkways.

11 ‘Suitable access should be provided: along both sides of a

'ifence for mow1ng, trlmmlng,'and fence repair.

12.‘At subsurface infiltration facilities, suitable access,
observation points, and/or monitoring wells should be pro-
vided to allow inspection and cleaning. ~These access points
should be provided at opposite ends of the facility to

permit sediment removal by 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 identified.

G. PERIMETERS

Typical problems that impede or unnecessarily increase

proper maintenance include:

,’* Difficult to Mow or Clean * Tnadequate Size
o * Too Close to Adjacent Structures.

1. Field evaluations conducted during the development of
- this Manual indicate that readily visible facilities receive

more and better maintenance than those in less visible, more
remote locations. This finding should be kept in mind dur-

‘ing 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 interference with grass mowing
and trimming. Suitable access should be provided along both
sides.
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PLANNING AND DESIGN GUIDELINES
FOR :
STORMWATER RETENTION FACILITIES

OVERVIEW

The following Planning and Design Guidelines are intended to
assist in the creation of stormwater retention facilities
that require the least practical level of maintenance. To
accomplish this, they have been developed to (1) eliminate
avoidable maintenance tasks, (2) minimize the long term
amount of regular maintenance, (3) facilitate the perform-
ance of required maintenance tasks, and (4) reduce the po-
tential for extensive, difficult, and costly remedial or
emergency maintenance efforts.

As such, the guidelines presented herein are intended to

supplement all other applicable retention facility stan-
dards, including those pertaining to hydrologic, hydraulic,
structural, environmental, legal, and aesthetic aspects.
They should also be used creatively in conjunction with all
other applicable standards to create stormwater retention
facilities that require minimum levels of maintenance per-
formed with the least possible effort, time, and cost.

To assist in their use, the Planning and Design Guidelines
are presented by retention facility component in the follow-
ing order:

A. Bottoms and Permanent Pools F. Emergency Outlets

B. Dams, Embankments, and G. Vegetative Cover
Side Slopes H. Trash Racks

C. Principal Outlets I. Access

D. Outflow Systems J. Perimeters

E. Inlets

Detailed descriptions of each facility component listed
above are presented in Table 2-1 on Page Plan-10.

At the beginning of each component section presented below
is a list of common maintenance problems that the guidelines
which follow have been developed to prevent. These prob-
lems, which have been identified through surveys, inter--
views, and site inspections, are intended to enhance the ef-
fectiveness of the guidelines by illustrating the guide-
lines’ origins and purpose. They should also serve to
stimulate the development of additional guidelines by reten-
tion facility planners, designers, and reviewers. More

“detailed information regarding retention facility mainten-

ance problems and their causes can be found in the NJDEP’s
Ocean County Demonstration Study Report. Additional in-
formation regarding retention facility planning and design
is published in the NJDEP’s A Guide to Stormwater Management
Practices in New Jersey. '
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PLANNING AND DESIGN GUIDELINES
RETENTION FACILITIES

‘ B. DAHS, EHBANKHENTS, AND SIDE SLOPES

v [Typlcal problems that 1mpede ‘or. unnecessarlly increase
- . proper maintenance 1nclude°

K] Steep Slopes * Long Slopes
* Poor Grass Growth. * Sloughing and Erosion
& Shorel1ne Deterloratlonf

1. For shorellne protectlon and to facllltate grass mowing,

",a suitable non-erosive lining such as gabions should be

placed along the edge of the. permanent pool. The lining
should extend sufficiently above and below the permanent

‘pool elevation to account for wave heights and run-up. ~ (See
' PLATE 2-F for addltlonal 1nformatlon ) ' : '

,:2. Below the permanent pool level a 4’ to 6’ wide level
area should be provided to prevent people or objects from

sliding into deeper water. The side slope from this level

“area to the bottom of the pool should be at a slope that
~ will remain stable, usually no steeper than 2 horizontal to
',¢1 vertlcal. (See PLATE 2-F for addltlonal 1nformatlon )

'7,3.,Slde slopes greater than 5 feet in he1ght should ‘not be

steeper than 4 horizontal to 1 vertical, for safe movement
of personnel and safe operation of equlpment. Side slopes

"less than 5 feet high should not exceed 3 horizontal to 1
- vertical. .Flatteriside.slopes are recommended wherever pos-

4. For safe movementdof personnel 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 per centvtowards the lower half of the slope.

5. Suitable access to and along side slopes should be pro-
‘vv1ded for maintenance personnel and equlpment (See I. AC-
) CESS for detalls ) ’

6 Top501l and vegetatlve covers must be protected from ero-

" sion caused by local runoff and the slope’s steepness. Sur-

face and subsurface soil" stabilization measures or non-

'vegetated llnlngs should be utilized as necessary. 1In dolng

so, .avoid the use of loose stones, riprap, and other ir-

 regular lining materlals which require hand removal of weeds

and debris and may be a safety hazard to maintenance person-

nel.

7. All nonvegetatlve llnlngs whlch are bordered by grass
should be des1gned to permlt complete ‘mowing along all
edges. ' .
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PLANNING AND DESIGN GUIDELINES
RETENTION FACILITIES

8. To provide adequate drying time, to avoid delaying sched-
uled maintenance efforts, and to prevent mosquito breeding,
the maximum storage or ponding duration above the permanent
pool should not exceed 48 hours.

9. The effects of rapid pool drawdown should be checked to
prevent sloughing of the side slopes.

10. For safe movement of personnel 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.

C. PRINCIPAL OUTLETS

Typ1ca1 problenms that impede or unnecessarlly increase
proper malntenance 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 II cement
and having a specified 28-day compressive strength of 3,000
PSI. Concrete shall be designed in accordance with all ap-
plicable codes and requirements, including the current edi-
tion of Building Code Requirements for Building Construction
(ACI 318) of the American Concrete Institute.

2. For durability, all appurtenances, including access
hatches, trash racks, gratings, railings, orifice and weir
plates, and fasteners should be constructed of lightweight,
noncorrodible materials. Material strengths should be suf-
ficient to withstand design loads without damage or failure.

3. Ooutlet orifice ahd weir plates should be constructed from

‘aluminum or other lightweight, noncorrodible material. The

plates should be fastened to the structure with non-
corrodible, 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 future expansion.
(See PLATE 2—G for additional information.)

4. To facilitate access and movement by maintenance person-
nel, principal outlet structures should have a minimum
horizontal interior dimension of 4 feet. (See I. ACCESS for
additional details.)
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PLANNING AND DESIGN GUIDELINES
RETENTION FACILITIES '

15. Vltal parts of the pr1nc1pal outlet structure should be';
vreadlly ‘and safely accessible to maintenance personnel dur-

ing both normal and emergency conditions. Temporary
measures such as ladders are only acceptable for emergency

ncondltlons as part of an approved emergency actlon plan.
(See I ACCESS for addltlonal detalls ): - :

To mlnlmlze both requlred malntenance and the ‘con-

;sequences of inadequate malntenance, pr1nc1pal outlets:
- ~should avoid wutilizing moving parts for outflow control
'gfjabove ‘the permanent pool elevatlon whenever pos51ble.-

"g7; To: fac111tate cleanlng,.outlet plpes should have a mini-
- ‘mum diameter of 18 inches. The- pipes. should be constructed ’
_“of durable materlals, such as relnforced concrete. :

;};8; Gradlng and landscaplng around pr1nc1pal outlet: struc-' S
- tures should be designed to facilitate mowing, trimming, de- - -
bris removal, and other: general maintenance tasks. - Grassed
t.'slopes which requlre mowing should not exceed 3 horizontal
-~ to 1 vertical. Vegetated cover which does not require mowing

or: nonvegetated llnlngs should be used where steeper slopes

: ~are necessary.

All nonvegetatlve llnlngs which are bordered by grass.

’should be de51gned to ‘permit complete mowing along all

edges.‘

10. Dry weather flow through a principal outlet structure

should not interfere with routine interior maintenance
tasks. ~Benching, low flow pipes and channels, drop struc-
tures, or similar measures should be utilized to convey low

~flow into and through the structure.

211, Pr1n01pal outlet structures should be des1gned to dis-

courage vandallsm and graffiti.

'D. OUTFLOW SYSTEMS

Typical problems that impede or unnecessarlly increase

.ﬂproper malntenance 1nclude°

% leflcult to Clean .. % Erosion and Scour
* Exce551ve Sedlmentation ~* Displaced Lining

1. The outflow conveyance system downstream of a retention
facility should have adequate capacity to accommodate facil-

~ity outflows. This will not only allow design outflows and

water surfaces to be attained, but will also help achieve

‘prequlred drawdown times.
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. removal operatlons.‘v

6. Stable areas whlch prov1de malnte
~ firm footing should be provided at fac1’1ty inlets. Linings
- such as reinforced concrete, gablonsr
ishould be con51dered.; :

V_ugh to-wrevent er051on and scour.

. e,lon”ahd ‘Scour
"‘;_lac d“Llnlng

"{,a cutoff wallso
L

- edﬁment and debris.

f AVo1d loose stone,‘rlprap, andvother egularly shaped
“linings which require hand removal of weeds, sediment, and =
» (See A.:BQTTOHS AND PERMANENT P@@LS for addltlonal'

13; Prov151ons to mlnlmlze sedlment fromventerlng the facil-
ity should be considered. Street sweeping, . upstream sedi-

mentatlon basins and offsite soil stablllzatlon measures can
51gn1flcantly reduce the frequency of xequlred sedlment

4. To facllltate cleanlng, 1nflow plpes shouid have a mini-
'mum diameter of 18 inches. The pipes. should be constructed
of durable materlals, such as relnforced concrete.» ‘ :

's,5° Gradlng and landscaplng around fa0111ty 1n1ets should be
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