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ABBREVIATIONS

BMP Best Management Practice

cfs cubic feet per second

City City of Auburn, Indiana

CWP Center for Watershed Protection

FHWA Federal Highway Administration

IDNR Indiana Department of Natural Resources

IDEM Indiana Department of Environmental Management
LID Low Impact Development

MS4 Municipal Separate Storm Sewer System

NRCS Natural Resource Conservation Service

SMRC Storm Water Manager’'s Resource Center

SWCD Soil and Water Conservation District

TR55 Urban Hydrology for Small Watersheds — Technical Report No. 55
UsDOT United States Department of Transportation
USEPA United States Environmental Protection Agency
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Section 1.0
INTRODUCTION

Uncontrolled runoff from construction sites is a water quality concern because of the devastating
effects that sedimentation can have on local waterbodies, particularly small streams. Numerous
studies have shown that the amount of sediment transported by storm water runoff from
construction sites with no controls is significantly greater than from sites with controls. In
addition to sediment, construction site activities yield pollutants such as solid and sanitary
wastes, pesticides, petroleum products, construction chemicals, solvents, asphalts and acids
that can contaminate storm water runoff. During storms, construction sites may be the source
of sediment-laden runoff, which can overwhelm a small stream channel’s capacity, resulting in
stream bed scour, streambank erosion, and destruction of near-stream vegetative cover.
Where left uncontrolled, sediment-laden runoff has been shown to cause physical, chemical and
biological harm to the nation’s receiving waters. Sedimentation also impacts municipal
infrastructure by increasing the need for maintenance of conveyance systems required for
proper operation of many storm water best management practices (BMPs).

There are generally two substantial impacts of post-construction runoff that include (1) an
increase in the type and quantity of pollutants in storm water runoff, and (2) an increase in the
guantity of water delivered to the waterbody. The pollutants often become suspended in runoff
and are carried to receiving water where they can enter the food chain through small aquatic
life, eventually entering the tissues of fish and humans. Increased impervious surfaces interrupt
the natural cycle of gradual infiltration of water through vegetation and soil. The effects of this
process include streambank scouring and downstream flooding, which often leads to a loss of
aquatic life and damage to property.

In response to these threats, the City of Auburn is requiring construction activities to incorporate
construction and post construction BMPs in planning documents to mitigate immediate and long
term impacts to water resources during and after construction.

11 PURPOSE

This manual provides technical standards and guidance for proper design and installation of
approved construction and post-construction BMPs in those areas where there is land
disturbance greater than or equal to 1 acre, or disturbances of less than one acre of land that
are part of a larger common plan of development or sale if the larger common plan will
ultimately disturb one or more acres of land within the City of Auburn’s municipal separate storm
sewer system (MS4) area in accordance with the requirements of 327 IAC 15-13.

This manual serves as a companion to the City of Auburn’s Construction Site Storm Water
Runoff Control and Post Construction Storm Water Runoff ordinances, Chapters 161 and 162 of
the Auburn Municipal Code, respectively, by providing specific information and design criteria on
individual storm water BMPs that may be implemented to meet the ordinances requirements. In
the case that this manual conflicts with the ordinances, the ordinances will prevail.
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1.2 MANUAL ORGANIZATION

This manual is organized into eight sections in addition to appendices. Sections 1.0 and 2.0
provide an introduction to this technical manual and summarize the Federal and State storm
water regulations for construction activities. Section 3.0 describes the storm water plan review
procedures. Section 4.0 briefly discusses construction BMPs to be used during construction
activities and directs the reader to the Indiana Department of Natural Resources (IDNR)
document on construction site runoff. Sections 5.0 and 6.0 contain information in choosing and
sizing post construction BMPs. Section 7.0 provides types and designs of Post Construction
Structural BMPs. Sections 5.0, 6.0, and 7.0 are intended to be used in conjunction with the
BMP fact sheets included in Appendix G. References are provided in Section 8.0.
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Section 2.0
FEDERAL AND STATE STORM WATER REGULATIONS
ON CONSTRUCTION ACTIVITIES

In response to the 1987 Amendments to the Clean Water Act (CWA), the United States
Environmental Protection Agency (USEPA) developed Phase | of the NPDES Storm Water
Program in 1990. The Phase | program addressed sources of storm water runoff that had the
greatest potential to negatively impact water quality. Under Phase I, EPA required NPDES
permit coverage for storm water discharges from medium and large municipal separate storm
sewer systems (MS4s) located in incorporated places or counties with populations of 100,000 or
more, and eleven categories of industrial activity which included construction activity that
disturbed five or more acres of land.

The Phase Il Storm Water Program, published in the Federal Register on December 8, 1999,
required NPDES permit coverage for storm water discharges from certain regulated small
MS4s; and construction activity disturbing between 1 and 5 acres of land (i.e., small
construction activities).

The Indiana Administrative Code (IAC) regulates storm water discharge from various sources
under general storm water rules, Rules 2, 3, 5, 6, and 13. The final versions of Rules 2, 3, 5,
and 6 were adopted on May 8, 2003 and became effective on November 26, 2003. Rules 2 and
3 regulate general point source discharges associated with the Federal NPDES permit
requirements. Rule 6 directly addresses storm water discharges exposed to industrial activities.
Rule 5 regulates construction activities, and will be discussed in more detail in subsequent
sections of this document. Rule 13 applies to operators of urban federal, state, municipal,
county, public, or private separate storm water conveyance systems that are separated from the
sanitary sewage conveyance. Rule 13 was adopted on March 12, 2003 and became effective
on August 6, 2003. Rule 13 seeks to limit sediment discharge from construction activities by
requiring MS4 operators to administer minimum control measures for construction and post
construction activities within the operator’s jurisdiction.
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Section 3.0
STORM WATER PLAN REVIEW PROCEDURES

The City of Auburn has incorporated Storm Water Plan review procedures into their
Construction Storm Water Run-off Control Ordinance Chapter 161. The purpose of these
review procedures is to set consistent guidelines for the creation and review of storm water
plans across the City of Auburn’s MS4 Area. A copy of the ordinance is available in
Appendix A. It is the contractor/developers responsibility to ensure that the version of ordinance
available in this manual is the most current version approved by the City of Auburn.
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Section 4.0
CONSTRUCTION BMPs

The Division of Soil Conservation of the Indiana Department of Natural Resources (IDNR) has
published a comprehensive guide to erosion and sediment control practices to be used during
construction (Indiana Handbook for Erosion Control in Developing Areas (October 1992)). A
copy of this report is located in Appendix B. The handbook provides contractors, builders,
developers, governmental officials, and others with guidelines and specific practices for
controlling soil erosion and the nonpoint source pollution associated with the sediment in runoff.
Adhering to these guidelines and properly applying the appropriate practices is required. The
information below is summarized from this publication. Currently, the IDNR is in the process of
the updating this handbook. Once the update is complete, the City of Auburn will revise this
document as it deems necessary. The IDNR brochure: Erosion and Sediment Control for
Individual Building Sites is included in Appendix C.

4.1 GENERAL PRINCIPLES

Section 2.1 of the Indiana Handbook for Erosion Control in Developing Areas lists ten general
principles of erosion and sediment control. These principles are to be followed in the City of
Auburn.

1) Fit the development to the existing terrain and soil.

2) Develop an erosion and sediment control plan before land-disturbing activities begin
and follow it.

3) Retain existing vegetation on the construction site wherever possible.

4)  Minimize the extent and duration that bare soil is exposed to erosion by wind and
water.

5) Keep sediment on the construction site as much as possible.
6) If possible, divert off-site runoff away from disturbed areas.
7)  Minimize the length and steepness of slopes.

8) Stabilize disturbed areas as soon as possible.

9) Keep velocity of runoff leaving the site low.

10) Inspect and maintain erosion control measures regularly.
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4.2 SITE EROSION AND SEDIMENT CONTROL PRACTICE
DESCRIPTIONS, STANDARDS, AND INSTALLATION SUMMARY

Section 3 of the Indiana Handbook for Erosion Control in Developing Areas describes numerous
site specific and lot specific controls that can reduce erosion during construction activities. See
Appendix B for specific purposes, requirements, installation procedures, maintenance
procedures, and common concerns of specific BMPs within each of the nine categories of
erosion controls listed below:

1)  Site preparation

2)  Surface stabilization

3)  Runoff control

4)  Runoff conveyance

5)  Outlet protections

6) Temporary drop inlet protections

7)  Temporary curb inlet protections

8) Sediment traps and barriers

9)  Other related practices
Construction BMPs could also be divided into two groups based on their general control
mechanisms: erosion control and sediment control. Erosion control BMPs reduce the volume of
sediment generated onsite and therefore reduce the treatment volume and clean out
frequencies of sediment control BMPs. Many erosion control BMPs also reduce water velocity
and volume, in turn protecting perimeter controls. Sediment control BMPs trap eroded
sediment, generally onsite, to prevent it from reaching waterways. An effective construction site
pollution prevention plan and an implementable post construction BMP operation and

maintenance plan will mitigate sedimentation impacts in the storm sewer conveyance and
ultimately in the receiving streams.
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Section 5.0
POST CONSTRUCTION BMP SIZING CRITERIA

Post construction BMPs can be divided into two groups: structural and nonstructural BMPs.
Structural BMPs are generally designed to remove constituents in storm water runoff, whereas
nonstructural measures focus on the prevention of source-related constituent-generating
activities from contaminating storm water (e.g., covering salt piles) and on the removal of
constituents that might contaminate storm water (e.g., streetsweeping). Structural BMPs are
discussed in this technical manual. Nonstructural BMPs are primarily the responsibility of a
municipality and therefore are not discussed in this report.

The City of Auburn has chosen to size BMPs within their MS4 Area for water quality protection
based on current regulatory requirements and the City’s desire to improve the water quality of
their local watercourses. The DeKalb County Surveyor’'s Office proposed criteria do not allow
more than 0.2 cubic feet per second (cfs)/acre to be discharged from a development and as
such BMPs will be sized for both water quality and quantity. BMPs need to be built to handle
the larger of the two volumes determined in the following sections.

5.1 SIZING FOR WATER QUALITY (WQ,)

It is widely recognized that in order to meet various in-stream water quality monitoring standards
and classifications, it is necessary to provide some level of storm water quality treatment.
Sizing post construction BMPs for water quality is indirectly accomplished by sizing BMPs to
capture and treat a specific volume of water and constructing the BMP in accordance with
manufacturer’'s recommendations or municipal guidelines. By sizing for volume, the BMP will
capture the majority of the pollutants moving off the land surface. The goal of water quality
sizing criteria is to improve storm water quality, while maintaining a reasonable cost for BMP
implementation. The sizing for BMPs is calculated using the 90% rainfall occurrence frequency
and total impervious surface of the development. Once the final size is determined, proceed to
Section 6.0 to choose which BMP (or series of BMPs) would be most applicable in your
particular construction project.

This section will present basic options for storm water quality control, provide default criteria,
and discuss tools of analysis to evaluate site pollutant loads.

Sizing for 90% Rainfall Event

BMPs are sized so that the BMP will capture and treat approximately 90% of the average
annual storm water runoff volume (WQ,). The specific rainfall event captured is the 90% storm
event, or the storm event that is greater than or equal to 90% of all 24-hour storms on an annual
basis. This value is determined by investigating local rainfall records to develop a rainfall
frequency spectrum. The rainfall frequency spectrum represents the statistical distribution of
24-hour rainfall events. Please note that the 90% rainfall event is not calculated based on the
annual volume, but rather as a percentile of individual events. As the NOAA weather station in
Auburn, Indiana was decommissioned in the late 90’s, weather data from 2000-2005 from
Garrett, Indiana was used to determine the 90% rainfall frequency event (Figure 5.1).
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Figure 5.1
Rainfall Frequency Distribution for Garrett, Indiana
Storm Water Best Management Practices Manual
Auburn, Indiana

Storm Depth (in)
N
6]

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Probability of Storm Occurance

The WQ, (in acre-feet) shall be equal to:
WQ, = (0.98) x (0.05+0.9I) x (A)/12

Where:
0.98

90% Rainfall event in Auburn, IN
Site Area (acres)
Site Impervious Cover (decimal)

- >
ol

BMP Sizing Examples
Design Example 1: Residential Development — Swann Center

This section presents a sizing example for a medium residential subdivision, Swann Center if it
were being built in Auburn, Indiana. The layout of the Swann Center subdivision is shown in
Figure 5.2.
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Figure 5.2
Swann Center
Storm Water Best Management Practices Technical Manual
Auburn, IN
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Base Data

Location: Auburn, IN

Site Drainage Area = 38.0 acres
Measured Impervious Area = 13.8 acres;
1=13.8/38 = 0.363

Source: Adapted from CWP, 2000.

Compute Water Quality Volume WQ,

WQ,=(0.98) (0.05+0.91) (A/12)

Where:
I
A

0.363
38.0 acres

= (0.98) (0.05 + 0.9 x 0.363) (38.0) (1/12) = 1.17 acre-feet
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Design Example No. 2: Commercial Development -— Brown Community Center

This is a sizing example for a commercial site, Brown Community Center. The layout of the

Brown Community Center is shown in Figure 5.3.

Figure 5.3
Brown Community Center
Storm Water Best Management Practices Technical Manual
Auburn, IN
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Base Data

Location: Auburn, IN

Site Drainage Area = 3.0 acres
Impervious Area = 1.9 acres;
1=1.9/3.0 = .633

Source: Adapted from CWP, 2000.

Compute Water Quality Volume WQ,

WQ, = (.98) (0.05+0.91) (A/12)

Where:
|
A

0.633
3.0 acres

WQ, = (0.98) (0.05 + 0.9 x 0.633) (3.0) (1/12) = 0.15 acre-feet
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52 SIZING FOR WATER QUANTITY (FLOOD CONTROL)

The primary purpose of water quantity (flood control) sizing criteria is to reduce peak discharge
from storm events to reduce the impact of local and “catastrophic” flood events. The City of
Auburn has determined that all storm water management activities will also need to follow
guidelines set forth by the DeKalb County Surveyor’'s office. The County Surveyor is
responsible for regulating all county drains (ditches), including those within the City of Auburn.
The sizing criteria for water quantity recommended by the DeKalb County Surveyor is that in a
one hundred year storm, development and re-development projects that discharge storm water
into an open drain will be allowed a 0.2 cfs per acre discharge. Projects that tie into tile drains
in good condition will be allowed a discharge of between 0.02 and 0.05 cfs/acre. The owner will
need to contact the DeKalb County Surveyor to confirm what discharge limit is applicable.
BMPs need to be sized to provide the appropriate reduction in peak flow from the pre-developed
to the post-developed conditions.

The City of Auburn has determined that calculations for predevelopment peak flows and
volumes to be used to size BMPs to achieve the rate reduction detailed above be done using
the procedures in Urban Hydrology for Small Watersheds TR No. 55 published by NRCS.
Example worksheets from this document are included in Appendix D.

Other methods for estimating peak flow and runoff volume need to be approved by the City of
Auburn prior to use.

5.3 FINAL BMP VOLUME

The owner shall use the larger of the two volumes determined in the previous sections for
designing the post construction BMPs.

54 SPECIAL SIZING CONSIDERATIONS FOR HYDROCARBONS

The City of Auburn encourages the maximum removal of hydrocarbons possible for all
developments encompassing more than 5 acres of impervious area. The BMPs available to
meet the water quality or any water quantity storage requirements should be evaluated for their
hydrocarbon removal and the BMPs with the highest possible hydrocarbon removal should be
chosen and implemented. The City of Auburn Post Construction Runoff Control Ordinance
should be reviewed for any specific requirements.
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Section 6.0
POST CONSTRUCTION STRUCTURAL BMP SELECTION PROCESS

6.1 STRUCTURAL BMP DESCRIPTION

Structural BMPs can be divided into six categories based on the mechanistic characteristics of
storm water treatment such as storage, flow attenuation, infiltration, filtration, and biological
degradation.

Detention/Retention Systems
Infiltration Systems

Filtering Systems

Vegetated Swales/Filter Strips
Water Quality Inlets

Low Impact Development

ogkrwNE

Detention/Retention Systems primarily include detention ponds, retention ponds, and wetlands.
These treatment practices are designed to store water allowing solids and associated pollutants
to settle before gradually releasing the water to the receiving stream or storm sewer system.
Detention ponds or basins do not have a permanent pool of water between runoff events.
Underground tanks can also be used for storm water detention. Retention ponds or basins are
designed to capture a volume of runoff and retain that volume until it is displaced by the next
runoff event. Retention systems are often better for water quality control than detention ponds.
Constructed Wetland systems are included as part of retention systems. Porous pavements
could be included in this category if the runoff that passes through the pavement is being stored
underground.

Infiltration Systems include infiltration basins, infiltration trenches, and bioretention. Infiltration
technologies are designed to capture a volume of storm water runoff, retain it, and infiltrate that
volume into the ground. Water quality is improved as solids are captured within the soil.
Infiltration systems are underground and as such are well suited to underground environments
but care needs to be taken to ensure the correct soil types and groundwater table
characteristics are present. Porous pavements could be included in this category if the runoff
that passes through the pavement is being infiltrated into the ground.

Filtering Systems include underground sand filters, surface sand filters, and organic media
filters. A filtering system uses a media such as sand, gravel, peat, or compost to remove a
portion of constituents found in storm water. Filters have a variety of styles to meet various site
constraints and are sized to provide treatment for the water quality volume. Bioretention is
infiltration through organic matter with vegetation growing in it that enhances constituent
removal.

Vegetated Swales/Filter Strips include vegetated swales, grass swales, and filter strips. These
BMPs are designed to capture and filter runoff with a portion infiltrating into the soil and are
often used while conveying the runoff in an open channel. These BMPs are most often used
alongside roadways or preceding other BMPs to pretreat the storm water. Swales can be
designed to be wet or dry, depending on site conditions. Level spreaders are commonly used to
spread runoff out into sheet flow before passing over filter strips.
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Water Quality Inlets include most manufactured systems such as catch basin inserts, oil/grit or
oil/water separators, vortex separators, etc. These BMPs often use combinations of detention,
retention, and filtering to improve water quality and/or reduce peak flows. Many vendor-
supplied systems work well for storm water control and can be fit to varying site conditions.
Pollutant removal percentages need to be independently verified before being submitted for a
site.

Low Impact Development (LID) practices are those practices that control storm water where it is
generated. LID practices include porous pavement, rain barrels, green roofs, rain gardens, and
tree box filters and are meant to be distributed throughout a site to minimize runoff. Removal
percentages for many LID practices are difficult to quantify as they prevent the runoff from
occurring instead of merely treating it. LID practices can reduce the runoff to more conventional
BMPs.

BMP SELECTION

In this section, a three-step decision-making process employing both quantitative and qualitative
criteria for sequentially screening structural BMPs as described in Storm Water Best
Management Practices in an Urban Setting: Selection and Monitoring (FHWA) using supporting
data from that publication as well as from the Storm water Managers Resource Center (SMRC).
A preferred management plan (a single BMP or a combination of BMPs) suited to site-specific
conditions is the result of this process. This process builds on the knowledge and information
summarized in the Storm Water Best Management Practices in an Ultra-Urban Setting:
Selection and Monitoring (FHWA).

The proposed BMP selection process is designed as a sequential approach that incorporates a
series of checks and balances at each stage, integrates management objectives and site
conditions, and relies on current knowledge of storm water BMP technology and demonstrated
experience and case studies. The process is designed to allow decisions to progress from a
preliminary screening level to a more detailed evaluation and selection of candidate best
management alternatives. The three steps of this selection process include: a scoping phase,
an evaluation phase, and a final selection phase.

To ensure a successful BMP selection process, several supporting data collection activities are
critical. Data include:

1. Available information on BMPs and their use

2. Drainage area characteristics and qualitative evaluation of the sources and magnitude of
constituents

3. Physical constraints of the site
4. Local cost estimates including land acquisition, construction and maintenance cost

5. Public acceptance and any additional benefits provided (e.g. aesthetics, recreational
value).
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Step 1 - The Scoping Phase

The scoping phase provides an initial screening analysis of potential structural BMPs approved
by the City of Auburn for use in construction and post construction activities within its
jurisdiction. The key process in this phase is to sequentially eliminate nonapplicable BMPs
based on a predefined set of criteria. The scoping phase may address the following questions:

Will the proposed landuse limit the implementation of an individual BMP?
Does the BMP address one or more management objectives?

Does the BMP provide both storm water quantity and quality control?

Is the BMP costly to implement?

Does the BMP provide auxiliary benefits such as public education?

Planned landuse, management goals and objectives, and cost are used to evaluate BMPs in the
scoping phase.

Planned Land Use

The proposed land Use of the construction project will have great implications as to which BMPs
will be most appropriate for implementation at a site. Table 6.1 summarizes the applicability
and feasibility of implementing BMPs for six common land Uses:

e Rural. Identifies BMPs that are best suited to treat runoff in rural or very low density
areas.

e Residential. ldentifies BMPs in medium to high density residential developments.

e Roads and Highways. Identifies appropriate BMPs to treat runoff from major roadways
and highway systems.

e Commercial Development. Identifies practices that are suitable for new commercial
development

e Hotspot Land Uses. Examines the capability of a BMP to treat runoff from designated
hotspots. A BMP that receives hotspot runoff may have design restrictions, as noted.

e Urban Sites. Identifies BMPs that work well in the urban environment, where space is

limited and original soils have been disturbed. These BMPs are frequently used at
redevelopment sites.
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Table 6.1
Feasibility of BMP Implementation in Different Land Uses
Storm Water Best Management Practices Technical Manual
Auburn, Indiana

— = >
g€ |E2| 82| 2
. 5| 5 |5%|/88) 8| §
BMP Group BMP Design 5 3 L2 | €0 I 2
o 0 T O £ c o )
¢ I | o2 T
e OT
- Detention Pond Y Y Y Y 1 N
c S o
SStE Detention Tank Y Y N Y 1 N
c —
£ 3 2 | Retention Pond Y Y Y Y 1 N
A
Wetland Y Y Y Y 1 N
IS g Infiltration Trench D D Y Y N D
B
£0
=0 Infiltration Basin D D D D N D
Underground Sand Filter N N D Y 2 Y
)
£ e Surface Sand Filter N D Y Y 2 Y
q) -
= (‘/”>)\ Organic Media Filter N D Y Y 2 Y
Bioretention D D Y Y 2 Y
G Vegetated Swale Y D Y D 2 D
To=2
o Sl & | Vegetated Filter Strips Y D D D 2 D
o0 <
> © Level Spreader Y D D D D D
- Catch Basin Inlets N Y N Y Y Y
% S ﬁ Oil-Grit Separators N Y N Y Y Y
=5=
o4 Other Manufactured N N D D D D
Systems
Porous Pavement N Y Y Y 2 Y
g é Green Roofs N N N Y D D
Q.
Eg Rain Gardens D Y D D 2 Y
=9 ) .
5 g Rain Barrels / Cisterns D D N N N D
Tree Box Filters N Y Y D D D

Y = Yes. Good option in most cases

D = Depends. Suitable under certain conditions, or may be used to treat a portion of the site.

N = No. Seldom or never suitable.

1 = Acceptable option, but may require a pond liner to reduce risk of groundwater contamination
2 = Acceptable option, if not designed as an exfilter.

Source: Adapted from CWP, 2000, FHWA, 2000.
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Management Goals and Objectives

A post construction storm water management program should focus on meeting well-defined
environmental protection goals and public needs in a cost-effective manner. In many cases, a
post construction storm water management plan is designed to address multiple environmental
and safety concerns at various scales ranging from site-specific to a larger watershed scale.
The development and implementation of storm water management plans are driven by a variety
of conditions including public pressure, applicable regulations and policies, downstream impacts
on sensitive resources, or a combination of any of these conditions. Within these plans,
downstream impacts are usually expressed qualitatively in terms of objective statements such
as "control of flooding conditions", or "restoration of a water quality impairment.”

Meeting these multiple objectives may require that several potential BMP locations be identified
and considered. Potential BMPs can be determined for each site location to form a
comprehensive management action plan. These selected BMPs, as well as the overall
management actions (whether at the site-specific drainage area or at the watershed scale), will
contribute to achieving the predefined management objective(s). An in-depth understanding of
storm water management objectives prior to the selection of a BMP or combination of BMPs is
essential to the development of a successful management plan. This understanding should
facilitate the development of management objectives into measurable indicators or criteria that
can be used to screen out nonapplicable BMPs.

The objectives provided here will be used to help illustrate which of these objectives may be
achieved by the BMPs analyzed during the selection process. Table 6.2 lists the applicable
objectives to construction activities in the City of Auburn. The urban setting column identifies
BMPs with relatively small footprints, design adaptability, and effectiveness in removing typical
constituents from storm water.
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Table 6.2

Primary Function of BMPs and Ability to Address Management Objectives

Storm Water Best Management Practices Technical Manual

Auburn, Indiana

Water Quality Constituent
BMP Ultra Urban Flood Removal Effectiveness
Group BMP Types Compatible | Control | Suspended’ | Dissolved®
= c Detention Pond No Yes High Moderate
c 2]
= % £ | Detention Tank Yes Yes High Moderate
c —
% % (‘/”>)\ Retention Pond No Yes Moderate High
o Wetland No No High High
_5 g Infiltration Trench Yes No High Moderate
=S
=5
S ® | Infiltration Basin No Yes High Moderate
- Underground Sand Filter Yes No High Low
€ £ | Surface Sand Filter No No Moderate High
Li':: 2 | Organic Media Filter Yes No High High
n Bioretention Yes No High Moderate
b T 4 | Vegetated Swale Yes No Moderate Moderate
L2 cc
cu e
‘g ﬁ ‘f Vegetated Filter Strips No No Low Low
C O
() =
> U;) L | Level Spreader Yes No Low Low
"> Catch Basin Inlets Yes No Low Low
% = % Qil-Grit Separators Yes No Low Low
T Q
= &= Other Manufactured Yes No Low Low
Systems
- Porous Pavement Yes Yes Low Moderate
§ g Green Roofs Yes Yes Moderate Moderate
E c_Q:' Rain Gardens Yes Yes Moderate Moderate
E % Rain Barrels / Cisterns Yes No High Moderate
Tree Box Filters Yes No Moderate Moderate

"Note: Suspended constituents include suspended solids as well as oil/grease, metals,
nutrients, and trace organics associated with suspended solids. Dissolved constituents
include soluble trace metals, nutrients, and trace organics.

Source: As adapted from FHWA, 2000, Storm Water Best Management Practices in an Ultra-

Urban Setting: Selection and Monitoring, Office of Natural Environment, USDOT,

Washington, DC. and other sources
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Other Management Objectives

Initial screening of the suite of available BMPs can also be performed based on elements that
are not related to the performance of the BMP. For example, fiscal management objectives
such as providing storm water management for a specified dollar amount or a percentage of the
total project cost can serve as a means to remove high-cost BMPs from further consideration.
Table 6.3 indicates the relative cost for various BMPs. A final comparative analysis of costs for

recommended BMP alternatives is completed in the final selection phase.

Table 6.3

Relative Rankings of Cost Elements and Effective Life of Structural BMP Options
Storm Water Best Management Practices Technical Manual
Auburn, Indiana

Capital 0o&M . 1
BMP Group BMP Types Costs Costs Effective Life
Detention Pond Moderate Low 20 — 50 years
= c
§S ¢ Detention Tank Moderate to High 50 — 100 years
== % High
£ g & Retention Pond Moderate Low 20 - 50 years
a
Wetland Mod:i;ar:e 0 Moderate | 20 — 50 years
_5 g Infiltration Trench Mode_rate 0 Moderate | 10 - 15 years
= High
22
1552 Infiltration Basin Moderate Moderate | 10 — 15 years
o> O Underground Sand Filter High High 5-20 years
s GE, Surface Sand Filter Moderate Moderate 5-20 years
::t) 2 Organic Media Filter High High 5-20 years
n Bioretention Moderate Low 5-20 years
Low to
e] -
E g é Vegetated Swale Moderate Low 5-20 years
m e
‘g% f Vegetated Filter Strips Low Low 20 - 50 years
(O]
==
> n Level Spreader Low Low 5-20 years
: Moderate
S >\ -
% % % Catch Basin Inlets Low to High 10 - 20 years
= 8‘ < Qil-Grit Separators Moderate High 50 - 100 years
Other Manufactured Systems Moderate Moderate | 50 - 100 years
- Porous Pavement Low Moderate | 15 - 20 years
S o Low to
o E Green Roofs Moderate 30 - 40 Years
£5 Moderate
E ol Rain Gardens Low Low 5 —20 years
S ® Rain Barrels / Cisterns Low Low 10 — 20 years
o Tree Box Filters Low Low 5 —20 years

T Assumes regular maintenance, occasional removal of accumulated materials, and removal of

any clogged media.
Source: FHWA, 2000 and other sources
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Step 2 — Evaluation of Structural BMPs

The evaluation phase provides a more detailed process to evaluate the ability of structural and
nonstructural BMPs to meet management objectives. The evaluation phase consists of three
types of analysis. First, the list of potential structural BMPs is further narrowed down using
criteria derived from the physical characteristics of the site. Second, BMP effectiveness
information is used to identify and rank BMPs with demonstrated performance in controlling
targeted constituents. Finally, combinations of the remaining BMPs should be evaluated for
their compatibility and complimentary performance with nonstructural BMPs. This process
results in a final list of BMP options that can be ranked to optimize selection. Questions to
consider are:

¢ |sthe BMP applicable to site conditions?

e Are data available on BMP effectiveness?

e Could the addition of nonstructural BMPs improve the performance or maintenance
requirements of a structural BMP?

Characteristics of the site

Site characterization includes evaluation of the drainage area to identify runoff and constituent-
generating activities and sources, and characterization of the magnitude and the extent of each
source. Characterization of dominant sources and constituents, definition of the constituent fate
and transport pathways, and identification of the method and processes by which constituents
enter storm water runoff are key elements supporting the selection of appropriate urban BMPs.
Table 6.4 lists site considerations for structural BMP use.
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Table 6.4a
Site Considerations for Structural BMPs
Storm Water Best Management Practices Technical Manual
Auburn, Indiana

Area Area Minimum
BMP Typically Required Site Head
BMP Served for BMP™ Slope | Requirement
Group (acre) (ft)°
= c Detention Pond 2 min 10-20% <15% 3-6
&8 % Detention Tank > 1-2 0.5-1% NA 5-8
= c
E % § Retention Pond 2 min 20-25% <15% 3-6
QD
0 & | \wetland 1 min 10% <8% 1-8
s 2 Infiltration Trench 2-4 2-4% <6% 3-8
T @
=0
E & | Infiltration Basin 2-20 2-4% <10% 2-4
> 0 Underground Sand Filter 2-5 2-3% <6% 1-8
€ £ | Surface Sand Filter 2-5 2-3% <6% 5-8
% g | organic Media Filter 2_5 2-3% <6% 5_8
Bioretention 1-50 4-10% <6% 2-4
2w Vegetated Swale 2-4 10-20% <4% 2-6
% ‘;5 _'-; % Vegetated Filter Strips NA 25%"* <4% Negligible
o) n -
A= Function of
© -20, —
> Level Spreader flow not area 1-2% NA 1-2
O o> Catch Basin Inlets <1 None NA 1-2
&= 2 | Oil-Grit Separators 1-2 < 1% NA 3-6
= R £ | Other Manufactured 3
o Systems 1-10 None NA 4
- Porous Pavement 2-4 NA >1% NA
§ £ | Green Roofs <1 NA NA NA
E & | Rain Gardens <1 25% <12% 1-4
§ % Rain Barrels / Cisterns <0.1 <1% NA 1-10
O | Tree Box Filters 0.5 <1% <15% 1-4

NA = Not Applicable or Not Available

1. Expressed as a percent of the total drainage area, can be modified to accommodate
ultra-urban conditions.

2. Either the depth of water in the typical design or the total drop in water level for flow-
through designs.

3. Based on storage of 0.5 in of runoff per acre of imperviousness.

4.  Minimum recommended for best treatment efficiency.

Source: FHWA and CWP, 2000
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Table 6.4b
Site Considerations for Structural BMPs
Storm Water Best Management Practices Technical Manual
Auburn, Indiana
Climate a
BMP BMP In Situ Soils * Significant Water Table
Group Factor? ?

Detention Pond Independent No 2ftif hot'spot or
~ aquifer
S ) E Detention Tank Independent No NA
£ % . 2ft if hotspot or
% © > | Retention Pond Independent Yes .
aAxo _aquifer

Wetland Dependent Yes 2ftif hot'spot or

aquifer

S I Percolation
_% g Infiltration Trench > 0.5 in/hr Yes Aft
5% .
= > — . Percolation
Eh Infiltration Basin > 05 in/hr Yes 4ft

Underground Sand Filter Independent No 2ft
E’ % Surface Sand Filter Independent Yes 2ft
:tt) (‘/7’>), Organic Media Filter Independent Yes 2ft

Bioretention Independent3 Yes 2ft
3 -?E 'g Vegetated Swale Dependent Yes 2ft
=05
‘g% (2 Vegetated Filter Strips Dependent Yes 2ft

Q
==
>&E | Level Spreader Dependent No 4ft
o> Catch Basin Inlets Independent No NA
€ = 2 [ Qil-Grit Separators Independent No NA
R
=55 Other Manufactured Independent No Varies
Systems
- E Porous Pavement Dependent NA NA
§ g Green Roofs Independent Yes NA
E E‘ Rain Gardens Dependent Yes Aft
§ % Rain Barrels / Cisterns Independent No NA
o Tree Box Filters Dependent Yes Aft
NA = Not Applicable or Not Available
1. Relevancy of soil types to the design of the BMP
2. Climate issues to consider include prolonged drought and freeze periods.
3. When equipped with an under drain system.
Source: FHWA and CWP, 2000
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BMP Effectiveness

The City of Auburn requires that 80% of the post construction TSS be removed prior to
discharge into the MS4 conveyance system. BMPs can be chosen that meet this requirement
by themselves or in combination with other BMPs. The responsibility for ensuring a BMP is
performing to the effectiveness needed lies with the owner of the BMP not the City.

The screening of structural BMPs is intended to eliminate those BMPs that are obviously
impractical, implausible, or ineffective. It is unlikely that any single BMP will be able to
completely meet all management objectives; tradeoffs between cost and performance almost
always occur. Often, more than one BMP will be necessary. The resources and effort required
to evaluate these tradeoffs make it desirable to remove from consideration any BMPs that do
not fulfill or do not contribute significantly in combination with other BMPs to fulfilling
management objectives. The nature and scope of the planned project, water quantity and
guality management objectives, and any other limiting management objectives should be used
to evaluate the suite of available structural BMPs. BMP pollutant removal efficiency is noted in
Table 6.5.
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Table 6.5a

Pollutant Removal Effectiveness (%)

Auburn, Indiana

Storm Water Best Management Practices Technical Manual

BMP Group BMP TSS TP TN NO;
Detention Ponds 61 19 31 NA
Detention / Detention Tanks 60-80 20-40 NA NA
Retention Systems | Wet Retention Pond 67 48 31 24 - 60
Wetlands 65 25 20 NA
Infiltration Systems Inﬁltrat?on Trer)cPl 75-99 50-75 45-70 NA
Infiltration Basin 75-99 50-70 45-70 NA
Underground Sand 70-90 43-70 30- 50 NA
Filters
Filtering Systems | Surface Sand Filters 75-92 27 - 80 27-71 0-23
Organic Media Filters 90 - 95 49 55 NA
Bioretention 75 50 50 NA
Vegetated Swales Vegetated S_wales _ 30-90 20 - 85 0-50 NA
and Filter Strips Vegetated Filter Strips 27 -70 20 - 40 20 - 40 NA
Level Spreader <25 <25 <25 <25
Catch Basin Inserts Varies based on product chosen
Water Quality Inlets | Oil-Grit Separators 20-40 | <10 | <10 NA
Manufactured Systems Varies based on product chosen
Porous Pavement 82-95 60-71 80 -85 NA
Low Impact Gr(_een Roofs . 90 100 20 NA
Development Ra!n Gardens _ 75_ 50 50 NA
Rain Barrels / Cisterns Varies based on what happens to stored water
Tree Box Filters 85 74 | 68 NA

TN = Total Nitrogen
NO;3 = Nitrates

NA = Not Applicable or Not Available.
TSS = Total Suspended Solids
TP = Total Phosphorus

Removal efficiencies may be based on either mass balance or average concentration calculations.
The values may originate from evaluation of multiple events or from long-term monitoring. Ranges
are provided wherever possible.

! Based on capture of 0.5 in of runoff volume. Effectiveness directly related to volume of captured
runoff.

Source: As adapted from FHWA, 2000, Storm Water Best Management Practices in an Ultra-Urban
Setting: Selection and Monitoring, Office of Natural Environment, USDOT, Washington, DC.
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Table 6.5b
Pollutant Removal Effectiveness (%)
Storm Water Best Management Practices Technical Manual

Auburn, Indiana

BMP Group BMP Metals Bacteria Oil & TPH
Grease
Detention Ponds 26-54 NA NA NA
Detention / Detention Tanks NA NA NA NA
Retention Systems | Wet Retention Pond 25 65 NA NA
Wetlands 35-65 NA NA NA
Infiltration Systems Inf?ltrat?on Trerllclh1 75 -99 75 - 98 NA 75
Infiltration Basin 50 - 90 75 - 98 NA 75
Underground Sand Filters 22-91 NA NA NA
Filtering Systems Surfac_e Sanq Filf[ers 33-91 NA NA NA
Organic Media Filters 48 - 90 90 90 90
Bioretention® 75 - 80 NA NA 75
Vegetated Swales Vegetated Syvales _ 0-90 NA 75 NA
and Filter Strips Vegetated Filter Strips 40-50 NA NA NA
Level Spreader <25 <25 <25 <25
Water Quality Cgtch_Basin Inserts Varies based on product chosen
Inlets Oil-Grit Separators <10 | _NA | 50-80 | NA
Manufactured Systems Varies based on product chosen
Porous Pavement 33-99 NA NA NA
Low Impact Grc_een Roofs 1 80 65 NA NA
Rain Gardens 75 - 80 NA NA 75

Development

Rain Barrels / Cisterns

Varies based on what happens to stored water

Tree Box Filters

82

NA

NA

| NA

NA = Not Applicable or Not Available.
TPH = Total Petroleum Hydrocarbons

Removal efficiencies may be based on either mass balance or average concentration calculations.
The values may originate from evaluation of multiple events or from long-term monitoring. Ranges

are provided wherever possible.

! Based on capture of 0.5 in of runoff volume. Effectiveness directly related to volume of captured

runoff.

Source: As adapted from FHWA, 2000, Storm Water Best Management Practices in an Ultra-Urban
Setting: Selection and Monitoring, Office of Natural Environment, USDOT, Washington, DC.
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Nonstructural Compatibility and Complimentary Performance

The ability of a nonstructural BMP to remove specific constituents prior to contamination of
storm water makes them ideal for combining with and enhancing the effectiveness of structural
BMPs. Nonstructural and structural BMPs can be used together and structural BMPs can be
combined in an urban environment to optimize pollution control. Once the structural BMP
selection process has produced a narrowed set of options, the feasibility of their combination
with selected nonstructural BMPs can be evaluated. The result of this analysis might be a BMP
or group of BMPs specifically grouped to address the urban area in question. Nonstructural
BMPs can enhance the performance of structural BMPs by preventing the entry of constituents
that are difficult for structural BMPs to remove, and/or reducing the structural BMP maintenance
requirements.

A listing of nonstructural BMPs as given by FHWA is included in Table 6.6 below.

Table 6.6
Nonstructural BMP Types by Category
Storm Water Best Management Practices Technical Manual
Auburn, Indiana
BMP

Litter and Debris Removal Landscaping and Vegetation Practices
Property maintenance Landscaping/Groundskeeping programs
Proper dumpster placement Litter and Debris Control
Stream Clean-ups Road maintenance
Frequent storm drain maintenance Street Sweeping
Parking lot sweeping Adopt-A-Road program
Education and Training Adopt-A-Stream program
Storm drain stenciling Pesticide and Fertilizer Application
Employee education Pesticide application control
Containment and Diversion Landscaping and Vegetation Practices
Covered fueling stations Mowing reduction
Covered raw material storage Chemical Handling and Storage
Elimination of non-storm water discharges | Proper hazardous materials use and
and connections storage
Loading dock covers and proper location Municipal fleet maintenance
Chemical Handling and Storage Road salt application and storage
Spill control plans Containment and Diversion
Proper hazardous materials and chemical | Sediment and erosion control
storage

Nonstructural practices chosen by the user to be implemented on a site need to have their
implementation methods documented and assured, such as in a covenant with the City to
ensure that all required maintenance or actions are being performed as needed. Any reduction
in runoff volume or pollutant load as a result of these practices needs to be determined by the
user and approved by the City.
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Step 3 — Selection of Structural BMPs

Preferred BMP options at this stage of the selection process may include incorporating
structural BMPs, retrofits to an existing structural BMP, or the use of nonstructural measures or
the modification of an existing nonstructural BMP program. It is possible that some combination
of these may be the preferred method of achieving a particular objective. In the final selection
process the preferred BMPs are evaluated based their construction costs, maintenance
requirements, and ability to gain management and community support. This evaluation will
result in an alternative that will reflect the unique features of a particular site.

Construction Costs and Maintenance Requirements

The cost for building and maintaining a BMP or series of BMPs is important in selecting post
construction BMPs. Estimates of construction and O&M costs are provided in Tables 6.6
and 6.7. The costs provided in the tables are from available historical references, and can be
used to provide relative costs for comparative purposes only.

P:\R1-H1-1061552-315.doc 26 Symbiont



Auburn Storm Water BMP Technical Manual

Table 6.7

Estimated Construction Costs and Annual O&M
Storm Water Best Management Practices Technical Manual
Auburn, Indiana

Estimated
BMP Estimated Range of Estimated Annual
Group BMP Construction | Construction Costs ° O&M
Costs * (Drainage Area in Ha) Person-
Hours
- . 1a $200,000-%$1,000,000 6
S § 0 Detention Ponds $49,000 (11.9-33.1) 136 — 570
c § & | Detention Tanks $25,000"? $13,000 per hectare * 160 *
g & @ | Retention Ponds Use Same as Detention Pond 160 *
Wetlands $25,000 *** 200 — 600 *
S 2 | Infiltration Trench $58,000' $235,000-$260,000 70°
= £ 4.2
s g
= > . . . la $282,000-$323,000 6
£ & | Infiltration Basin $10,000 (7.9-10.4) 193
7
2 Underground Sand Filters $47,000% $8'00(21' ;$4é()),000 1454
()
+— 4
2 | surface sand Filters $54,000™ $6’°°‘21' ;:ss;()),ooo 93°
(@]
c —
5 Organic Media Filters $54,000%° $271’?208_§59§3’000 728
[ Bioretention $34,000% $35,000 per hectare 60 *
1c $69,000-$188,000 6
5 cgs § Vegetated Swales $5,000 (0.5-5.9) 211
£ 83 | vegetated Filter Strips $6,800'¢ $117,000 202°
8 g g (1.2)
Z &L | | evel Spreaders $500 2 $300-$1,000 50 4
Catch Basin Inserts $2,100 per unit $2,100 per unit 24/unit *
% % 5 Oil-Grit Separators $21,000'° $209,000 139°
S5% P ! (2.0)
Manufactured Systems Variable Variable Variable
Normal
. | Porous Pavement pavement $45,000-$100,000/acre 200 *
85 costs + 150% *
g £ [ Green Roofs $14,000 * $5-$15/square foot 15°
= € | Rain Gardens $11,000 $5-$10/square foot 40°
83 . . $100 (rain , 4
O | Rain Barrels / Cisterns barrel) * $400-$5,000/cistern 0-4
Tree Box Filters $9,500 * $8,000-$15,000 10*
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Notes:

! Unless noted otherwise, as adapted from FHWA, 2000, Storm Water Best Management
Practices in an Ultra-Urban Setting: Selection and Monitoring, Office of Natural Environment,
USDOT, Washington, DC. Costs were originally reported in 1995 dollars; costs are
expressed in 2005 dollars based on ENR CCI averages for 1995 (ENR CCI = 5,471) and
2005 (ENRCCI = 7,446).

1a Cost for treating 280 m?® of runoff = 0.5 inches of rain on 2 hectares; as adapted from FHWA,
2000. Costs are expressed in 2005 dollars based on ENR CCI.

> and ¢ Cost per hectare served; as adapted from FHWA, 2000. Costs are expressed in 2005
dollars based on ENR CCI.

2 Per 100 Linear Feet in 2005 dollars.

% Per 1,000 Square Feet in 2005 dollars.

* Costs and person-hours as estimated by Symbiont. Costs are estimated in 2005 dollars.

> Unless noted otherwise, as adapted from Currier et. al., 2001, California Department of
Transportation BMP Retrofit Pilot Program, Presented at Transportation Research Board,
Washington, DC, Jan 7-11, 2001. Costs were originally reported in 2001 dollars; costs are
expressed in 2005 dollars based on ENR CCI annual averages for 2001 (ENR CClI= 6,343)
and 2005 (ENR CCI = 7,446). Cost includes items that are monitoring related, such as
flumes, concrete pads, and equipment enclosures, except for drain inlet inserts.

® As adapted from Currier et. al.
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Table 6.8
Estimated Construction Cost Formulas*
Storm Water Best Management Practices Technical Manual
Auburn, Indiana
BMP Group BMP Formula to Estimate Cost
C =229.16 x (V x 0.69)
s Detention Ponds®* V is pond storage volume (m®) up to crest of
= emergency spillway.
£, C =51.85 (D / 0.02832 )%¢81¢
x £ Detention Tanks? D = volume of storage for the maximum
34 design event in m*
= Retention Ponds Use Same as Detention Pond
Q — 0.70
T _ C =30.6V*"®
a Wetlands V is wetland volume needed to control the
10-year storm (ft%).
— 0.63
5 @ Infiltration Trench? _ C=1792.44 V7™ 3
= % V is storage volume in m
=0 - 0.69
=) Infiltration Basin? _ €=1892(v/0.02832) ™ 3
V is volume of storm water treated in m
lL:Jiﬂc;?Sraground Sand $19,000 per impervious acre served
o0
£ E Surface Sand Filters® $4,600 — $22,000 per impervious acre served
% (‘% Organic Media Filters® | $4,600 — $22,000 per impervious acre served
Bioretention? . C=14,000xA
A is total impervious area in acres
528 Vegetated Swales* $7 and $22 per linear foot
A=
% % @ Vegetated Filter Strips? $2,900 per acre
(O]
() =
>5E Level Spreaders $5.00 per linear foot
=20 Catch Basin Inserts $100 - $1,500
g g & | Oil-Grit Separators’ $7,500 to $22,000
S Manufactured Systems Variable
L= Porous Pavement Normal pavement costs + 150%
§ e Green Roofs $5-$15 per square foot °
ES Rain Gardens $5-$10 per square foot °
(5]
§ > Rain Barrels / Cisterns $100-$150 per rain barrel
a Tree Box Filters $8,000 materials, $1,500 installation
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Notes:

! Unless noted otherwise, as adapted from FHWA, 2000, Storm Water Best
Management Practices in an Ultra- Urban Setting: Selection and Monitoring, Office
of Natural Environment, USDOT, Washington, DC.

2 Cost were originally expressed in 1995 dollars; costs are expressed in 2005 dollars
based on ENR CCI annual averages for 1995 (ENR CCI = 5,471) and 2005 (ENR
CCl = 7,446).

22 Cost were originally expressed in 1995 dollars; costs are expressed in 2005 dollars
based on ENR CCI annual averages for 1995 (ENR CCI = 5,471) and 2005 (ENR
CCI =7,446). (FHWA, 2000) suggests increasing cost by 25% for contingency.

% Cost were originally expressed in 1994 dollars; costs are expressed in 2005 dollars
based on ENR CCI annual averages for 1994 (ENR CCI = 5,408) and 2005 (ENR
CCl = 7,446).

* Cost were originally expressed in 1992 dollars; costs are expressed in 2005 dollars
based on ENR CCI annual averages for 1992 (ENR CCI = 4,985) and 2005 (ENR
CCl = 7,446).

®> Cost estimated by Symbiont in 2005 dollars.
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Management and Community Support

The final step in selecting structural BMPs is to assess community and environmental factors
involved in BMP implementation. Table 6.8 scores each BMP on a scale of low, medium, or
high for each factor described below.

e Maintenance. Assesses the relative maintenance effort needed for an BMP, in terms of
three criteria: frequency of scheduled maintenance, chronic maintenance problems
(such as clogging) and reported failure rates. It should be noted that all BMPs require
routine inspection and maintenance.

e Community Acceptance. Assesses community acceptance, as measured by three
factors; market preference surveys, reported nuisance problems, and visual orientation.
It should be noted that a low rank can often be improved by better landscaping.

o Affordability. Ranks BMPs according to their relative construction cost per impervious
acre treated. These costs exclude design, land acquisition, and other costs.

o Safety. Compares the relative safety of a BMP. ‘Low’ indicates a safe BMP, while ‘High’
indicates deep pools may create potential safety concerns. The safety factor is included
at this stage of the process because liability and safety are of paramount concern in
many residential settings.

e Habitat. Evaluates BMPs on their ability to provide wildlife or wetland habitat, assuming

that an effort is made to landscape them appropriately. Obijective criteria include size,
water features, wetland features, and vegetative cover of the BMP and its buffer.
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Table 6.9
Community and Environmental Factors
Storm Water Best Management Practices Technical Manual
Auburn, Indiana
BMP BMP Design Ease of Community | Affordability | Safety | Habitat
Group Maintenance | Acceptance
- Detention Pond H H H M M
c S o
S 2 £ | Detention Tank H M M H L
cgl
£3 2. | Retention Pond H H M M H
ax®
Wetland M M M M H
3 g Infiltration Trench L H M L L
S g
=
1552 Infiltration Basin L L M L L
Underground Sand Filter L H L M L
(2]
g GE) Surface Sand Filter M M L L L
Q
= 2 | Organic Media Filter M H L L L
D)
Bioretention M M M L M
3 'c% & | Vegetated Swale H M H L M
8 i3 ) :
8 % = Vegetated Filter Strips M M L L M
() =
>3 | Level Spreader M M M L L
- Catch Basin Inlets M M L H L
cE 9 o
% E @ | Oil-Grit Separators M M M H L
=5=
Other Manufactured L-H M L-H H L
Systems
Porous Pavement M M H H L
g o Green Roofs M M H M M
a E
E & | Rain Gardens L M L L M
= (5]
S o Rain Barrels / Cisterns L M L L L
a
Tree Box Filters M M M L M
H = High
M = Medium
L =Low
Source: Adapted from CWP, 2000 and others.
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Section 7.0
TYPES AND DESIGN EXAMPLES OF POST
CONSTRUCTION STRUCTURAL BMPs

This section includes a basic overview discussion of the types and designs of post construction
structural BMPs. Structural BMPs are generally designed to remove constituents in storm water
runoff. Checklists for the construction and operation and maintenance of some of the general
categories of structural BMPs are included in Appendices E and F. Structural BMP factsheets
are included in Appendix G.

Additional details about each BMP are included in the fact sheets in Appendix G and should be
referenced when choosing and designing each BMP. Sample construction specifications and
additional design examples can be found at the website of the Storm Water Manager’s
Resource Center (SMRC) (www.stormwatercenter.net) developed by the Center for Watershed
Protection. Other references may also be found and used.

The following sections will detail the type(s), design requirements, and guidelines for the
structural BMPs, which include:

Detention/Retention Systems
Infiltration Systems

Filtering Systems

Vegetated Swales/Filter Strips
Water Quality Inlets

Low Impact Development

7.1  STRUCTURAL BMP DETAIL: DETENTION/RETENTION SYSTEMS
7.1.1 Types

Detention/Retention Systems are practices that could have a combination of a detention
volume, permanent pool, and/or shallow marsh equivalent to the entire WQ,. Wetlands use
marsh areas to treat urban storm water and often incorporate small permanent pools and/or
extended detention storage to achieve the full WQ,. Detention/Retention Systems can also be
used to provide channel protection volume control as well as overbank and extreme flood
attenuation. Various BMP types are shown in the following figures.
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Figure 7.1.1 Detention Pond Profile
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Source: USEPA
Figure 7.1.2 Detention Tank Profile
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Figure 7.1.3 Retention Pond
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Figure 7.1.4 Wetland
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7.1.2 Design Requirements and Guidance
Table 7.1

Design Criteria: Detention/Retention Systems
Storm Water Best Management Practices Technical Manual
Auburn, Indiana

Required Elements

|Guidance

Feasibility

e Contributing drainage area
e Dam safety review
e Jurisdictional wetlands restrictions

Thermal impacts for cold water streams
Water balance

Conveyance

e Forebay at each inlet
e Channel stabilization downstream
e  Minimum Flow Path

Watertight joints on concrete spillways

Inlet pipes partially submerged

Outlet configuration

Features to minimize stream warming at the
outfall

Pond liner guidance

e Microtopography
Pretreatment
e Forebay at inlet e  Other specific forebay design elements
e Forebay volume
e Access to forebay
e Micropool at outlet
Treatment

e Water quality volume provided

e Minimum length to width ratio

e Atleast 50% of water quality storage in
permanent pool for the Wet ED design.

e Minimum surface area/ drainage area
ratio.

Off-line design

Multiple cells and treatment pathways
General guidance on maximum flow path and
microtopography
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Table 7.1
Design Criteria: Detention/Retention Systems
Storm Water Best Management Practices Technical Manual
Auburn, Indiana

Required Elements HGuidance
e ED no greater than 50% of entire Wq,
e Specific depth zone breakdown (e.qg.,
fraction in deep water versus shallow
zones).
Landscaping
e Safety and aquatic benches e Wetland plants incorporated
e Landscaping plan needed. e Guidance to enhance plant survival.
e Pond buffer e Preserve existing trees
¢ No woody vegetation near e Specific features of the landscaping plan.
embankment or spillway e Guidance for wetland establishment
e Wetland buffer
e Restrictions on donor plant material
from natural wetlands.
Maintenance
e Legally binding maintenance e Guidance on sediment disposal
agreement e Specific maintenance access design
Sediment removal from forebay e Design options for the low flow orifice.
Provide a maintenance easement an e Riser access guidance.
right-of-way e Guidance for pond draining.
e Removable trash rack. e Designs of valve controls to prevent vandalism
e  Minimum requirements for a non- e Pond fencing not desirable
clogging low flow orifice e Internal side slopes
(] Riser in the embankment. ° Warning Signs near ponds_
e Pond drain required. Notification e Guidance on maintenance in regards to wetlands
required for pond drainage. laws.
e Gate valve on pond drain, and location
of the valve.
¢ Riser safety features.
¢ Reinforcement plantings after second
season.

Source: Adapted from CWP, 2000.

7.2 STRUCTURAL BMP DETAIL: INFILTRATION SYSTEMS
7.2.1 Types

Storm water infiltration practices capture and temporarily store storm water before allowing it to
infiltrate into the soil over a 2-day period. Design variants include:

e Infiltration Trench (Figure 7.2.1)
e Infiltration Basin (Figure 7.2.2)
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Figure 7.2.1 Infiltration Trench
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Figure 7.2.2 Infiltration Basin

~BTILLNG BASIN EMBANRMENT

CONCRETE
LEVEL

EMERGENCY
SPILLWAY

L -
SPREADER e FLocn oaTROL

OWLHBANK | LOUD GUNIHGL
= CHANNEL FROTECTGN

GRASS CHANNEL )

N EMERGEMCY

STILLNG S/ Ty wiTw SPILLNAY

STABLE

] m=T=TE
98 e AF 3 jm EARREL
......... BV RB YTV BACKUP UNDERDRAIN PIPE IV CASE OF I
STANDING WATER PROBLEMS ANTISEER COLLAR or
FILTER DIAPHRAGM

Plan View Profile

Adapted from CWP, 2000

7.2.2 Design Requirements and Guidance

Infiltration practices are an excellent technique for meeting recharge, storm water detention, and
channel protection requirements in certain limited cases. Extraordinary care can be taken to
assure that long-term infiltration rates are achieved through post construction inspections and
long-term maintenance.
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Table 7.2.1
Design Criteria: Infiltration
Storm Water Best Management Practices Technical Manual
Auburn, Indiana

[Required Elements |Guidance |
[Feasibility |
e  Minimum infiltration rate e Maximum drainage area should be

e Restrictions on fill soils checked for each practice to not
¢ No hotspot runoff exceed infiltration capacity.
e Prohibited in some geography
e Separation from groundwater
e Separation from water supply
e Setback from structures
e Soil textures
Conveyance
¢ Non-erosive flow exceeding practice e Overflows for larger storm events
e Maximum dewatering time
e Off-Line
Pretreatment |
e  Minimum volume e Redundant pretreatment
¢ Non-erosive flow leaving pretreatment e Line with filter fabric
[Treatment |
e Water quality volume e Best used with other practices
e Construction sequence to maximize e Porosity for stone reservoirs
practice life

[Landscaping

¢ Dense vegetative cover on contributing
drainage
e Construct after vegetation is established

Maintenance

e Never serves as a sediment control e Accommodate dewatering devices in
device case of failure

e Observation well e OSHA requirements may apply to

e Maintenance access trench construction

e Not covered with an impermeable
surface

Source: Adapted from CWP, 2000.
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Table 7.2.2
Minimal Site-Requirement Criteria For Infiltration
Storm Water Best Management Practices Technical Manual
Auburn, Indiana

Infiltration rate (fc) greater than or equal to 0.5 inches per hour.

Soils have a clay content less than 20% and a silt/clay content of less than
40%.

Infiltration cannot be located on slopes greater than 6% or in fill soils.

Hotspot runoff should not be infiltrated.

The bottom of the infiltration facility must be separated by at least 2 feet
vertically from the seasonally high water table to bedrock.

Infiltration facilities must be located at least 100-feet horizontally from any
water supply well.

Maximum contributing area generally less than 5 acres.

Setback 25-feet down-gradient from structures.

Source: Adapted from CWP, 2000.

If infiltration is feasible, obtain the necessary site-specific topographic and soil characteristics as
shown in Table 7.2.2.

7.3

STRUCTURAL BMP DETAIL: FILTERING SYSTEMS

7.3.1 Types

Storm water filtering system capture and temporarily store the WQ, and pass it through a filter
bed of sand, organic matter, soil or other media. Filtered runoff may be collected and returned
to the conveyance system, or allowed to partially exfiltrate into the soil. Design variants include:

Surface Sand Filter (Figure 7.3.1)
Underground Sand Filter (Figure 7.3.2)
Organic Media Filter (Figure 7.3.3)
Bioretention (Figure 7.3.4)
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Figure 7.3.1 Surface Sand Filter
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Figure 7.3.2 Underground Sand Filter
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Figure 7.3.3 Organic Media Filter
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Figure 7.3.4 Bioretention
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7.3.2 Design Requirements and Guidance

Filtering systems should not be designed to provide storm water detention or channel protection
except under extremely unusual conditions. Filtering practices should generally be combined

with a separate BMP to provide those controls.
recharge requirements if they are designed to exfiltrate into the soil.
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Design Criteria: Filtering Systems
Storm Water Best Management Practices Technical Manual
Auburn, Indiana

Table 7.3

IRequired Elements ||Guidance |
[Feasibility |

Head requirements

Maximum drainage area

Best applied to highly impervious land uses.
Conveyance

e Off-line design if delivered by
stormdrain

e Overflow for ten-year storm

e Flow regulator to divert WQ, to the
practice

e Underdrain

[Pretreatment

e Pretreatment volume
e Pretreatment sizing

Treatment

Sizing methods

Minimum volume in practice
Filter bed depth

Filter media specifications

e Typically cannot provide flood control or
channel protection
e Filter depth

Landscaping

e Contributing area stabilized
e Landscaping plan for bioretention

e Grass species guidance for grass-covered
filters
e Bioretention planting guidelines

Maintenance

e Sediment chamber outlet device
repair

e Sediment chamber sediment
clean-out

e Maintain drop at bioretention inlets

e Access to pretreatment and filter
bed

e Maximum vegetation depth in sediment
chamber
e Mowing

|Source: Adapted from CWP, 2000.
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7.4 STRUCTURAL BMP DETAIL: VEGETATED SWALES AND FILTER STRIPS
7.4.1 Types

Vegetated swales are explicitly designed to capture and treat the full volume of storm water
within dry or wet cells formed by check dams or other means. Design variants include:

e Vegetated Swale — Dry (Figure 7.4.1)
e Vegetated Swale — Wet (Figure 7.4.2)

Vegetated filter strips and level spreaders are other variations of a filtering system where the
flow crosses the structure and is not carried by it. Vegetated filter strips are often used along
with another BMP to provide additional pretreatment. Level Spreaders are often used before
filter strips to even out the flow along the length of the BMP.

e Vegetated Filter Strip (Figure 7.4.3)
e Level Spreader (Figure 7.4.4)

Figure 7.4.1 Vegetated Swale — Dry
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Figure 7.4.2 Vegetated Swale — Wet
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Figure 7.4.3 Vegetated Filter Strip
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Figure 7.4.4 Level Spreader

GRASS LINED CHANNEL 6 INCHES DEEP, 1' FODT WIDE.
SEE PLANS FOR LENGTH AND ELEVATION.

NOTE: EROSION CONTROL NETTING TO BE INSERTED AND
SECURED IN GRASS LINED CHANNEL.

RIP_RAP OUTLET PROTECTION
AND ENERGY DISSIPATOR
SEE PLANS FOR DETAILS

DOWNSTREAM “LIP" MUST BE LEVE
e ENTRE LENGTH OF SPREADER.
SPREADER LIP MUST BE 1" MINIMUM.
SEE PLANS FOR ELEVATION.

FLARED _END SECTION

” T T i —
2—3" SURGE STONE &

=TT—TT—TT—ITF T =

e =1 UNDISTURBED GROUND

il NOTE:

LEVEL SPREADER DESIGN WILL BE BASED ON

CURRENT DIVISION OF WATER QUALITY DESIGN
GUIDELINES.

MAINTEN AN CE

INSPECT THE LE\IEL SPREADER AFTER EVERY RAINFALL UNTIL VEGETATION IS ESTABLISHED
AND PROP KE ANY NEEDED REPAIRS. AFTER THE AREA HAS BEEN STABILIZED,
{IARE PERIDIG INSPECTIONS AND KEER VEGETATON 11 A HEALTHY, VIGOROUS CONDITION.

DETAIL No
04000.22

SHEET 2 oF 2

STANDARD LEVEL SPREADER (CROSS SECTION)
EFFECTIVE:07/01/04

Plan View

Adapted from Town of Cary, NC

7.4.2 Design Requirements and Guidance

Vegetated swales and filter strips should not be designed to provide storm water detention or
channel protection. Filtering practices must generally be combined with a separate facility to
meet these requirements. Open channel design criteria are listed in Table 7.4.1.
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Table 7.4.1
Design Criteria: Vegetated Swales and Filter Strips
Storm Water Best Management Practices Technical Manual
Auburn, Indiana

[Required Elements ||Guidance |
[Feasibility |
e Maximum longitudinal slopes e Bestland uses
|Conveyance |
e Non-erosive storms e Pea gravel shelf at inlets
e Save conveyance
e Maximum side slopes
e Maximum ponding time
e Underdrain for dry swale

|Pretreatment |
e Pretreatment volume e Treat lateral flows with a pea gravel
e Treat direct concentrated flow diaphragm

[Treatment |
e Store water quality volume, or e Maximum ponding depth

maintain for a specific time period
e Maximum bottom width

|Landscaping

e Land use
e Grass and wetland plant types specified

[Maintenance |

| e Sediment removal || Mowing frequency |
|Source: Adapted from CWP, 2000 |

7.5 STRUCTURAL BMP DETAIL: WATER QUALITY INLETS
7.5.1 Types

Water quality inlets include manufactured systems or structures typically supplied by a vendor
and are proprietary. A wide variety of styles and types exist and the user should be cautioned
to check references and look for independent verification of removal efficiencies. Two types of
water quality inlet BMPs with fact sheets included in this manual are catch basin inserts and oil-
grit separators. Many manufacturers make each of these BMPs and the user should investigate
the best type for the site in questions. Other types of systems include vortex separators and
various forms of filters.
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7.5.2 Design Requirements and Guidance

After the BMP is approved by the City, manufacturers’ instructions should be followed for each
of the BMPs for sizing, installation, and maintenance.

7.6 STRUCTURAL BMP DETAIL: LOW IMPACT DEVELOPMENT

The City encourages the use of Low Impact Development (LID) practices throughout the City of
Auburn to minimize the amount of runoff that needs to be managed and treated either on site or
by the City. Many practices exist that allow for more environmentally friendly developments and
the user is encouraged to research any additional options that may be applicable to each site.

7.6.1 Types

There are many types of LID practices in use around the country. Five practices are presented
in this manual: porous pavement, green roofs, rain gardens, rain barrels / cisterns, and tree box
filters.

Porous Pavement (Figure 7.6.1)
Green Roof (Figure 7.6.2)

Rain Garden (Figure 7.6.3)

Rain Barrels / Cistern (Figure 7.6.4)
Tree Box Filter (Figure 7.6.5)

Figure 7.6.1 Porous Pavement
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Source: FHWA
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Figure 7.6.2 Green Roof
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Source: MA Metropolitan Area Planning Council

Figure 7.6.3 Rain Garden
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Sand bed and/or gravel base are optional features based on existing soil conditions.

Source: Pennsylvania Storm Water Management Manual
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Figure 7.6.4 Rain Barrel
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Source: LID Development Center

Figure 7.6.5 Tree Box Filter
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Source: Environmental Research Group — University of New Hampshire

7.6.2 Design Requirements and Guidance

Proper Maintenance is essential for low impact development practices. Specific design
information and guidance can be found in the fact sheets located in Appendix G.
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7.7 PROCEDURE FOR USE OF OTHER BMPs

Other BMPs can be employed at a site if the user has a BMP that has removal efficiencies that
have been verified independently of the manufacturer. The user would need to propose the
BMP to the City of Auburn MS4 Operator and provide all necessary information requested by
the MS4 Operator. The BMP must be approved by the City of Auburn MS4 Operator.
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POST CONSTRUCTION
STORM WATER RUN-OFF CONTROL
ORDINANCE



ORDINANCE NO, 2006~ .

AN ORDINANCE FOR CONSTRUCTION 5ITE
STORM WATER RUNOFF CONTROL

SUMMARY

i Jﬁ nance regulates construction site storm water runo il within the

i of A w%mx Thiz ordinance proposes to promote p;fﬁi;{. We J: are by

ffmd ing, regulating, and controlling the &G%ﬁmx Qomtwctiﬁm use. and maintenance of any
development or any other activity that disturbs or breaks the topsoil or results in the
movement of carth on land in the City of Auburn.

Recorder’s Office _ Publish Public Hearing

Anditor’s Offce

 Clerk’s Oifice _ Pubhsh O/R afier adoption
Other
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1 Reading
2™ Beading

ORDINANCE WO, 2006-

AN ORDINANCE FOR CONSTRUCTION SITE
STORM WATER RUNGFF CONTROL.

BE 1T ORDAINED BY THE COMMON COUNCIL OF THE CITY OF AUBURN,
INDIANA,

Section 1,

That the following attached Exhibit “A” shall be adopted as an Ordinance of the
Municipal City of Auburn, Indiana, codified, and p’i‘ weed on the City of Auburn, Indiana
internet site.

Segtion II.

BE IT FURTHER ORDAINED thar this Ordinance be in full force and effect

o

from and after its nassage by the Common Councll, signing by the Mavor and
£ g o o o

appropriate public notice in a newspaper of general circulation.
PASSED AND ADOPTED by the Common Council of the City of Auburn,

7

Indizng, this day of , 2006

BICHARD CRAWEFORD
Councilmember

Il

Presented by me o the Mayor of the City of Auburn, Indiana, this __ day of
, 2006,

O:\Auburn - City ofAI0615324VH - Reports & Plans'HZ Final Reports or Plans
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25 Reading

APPROVED AND SIGNED by me this ___ day of
2006.

NORMAN E, YODER, Mayor

YVOTING: AYE MAY

Diavid Painter
James Finchum
Greg Kenner
Richard Crawiord

Wichasl Walter
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161.002
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161.004
161,008
161.00

151007
161.008
161,009
161,010
161.077
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181.014

CHAPTER 161,008
CONSTRUCTION SITE
STORM WATER RUNOFF CONTROL,

Tabie of Contents

Applicability

Froject Site Owner Responsibiiitios

individual Lot Owner or Operator Responsibilites

Genaral Reguirements for Storm Water Pollution Prevention

Notioe of intent

Storm Water Pollution Prevention Plan
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Diuration of Permit

Enforcement

Separability
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7" Reading

161.007 Introduction/ Purposs

During the construction process, soil is highly vulnerable to erosion by wird and
water, Eroded soil endangers water resources by reducing water guality and
causing the siltation of aguatic habitat for fish and other desirable spectes. Eroded
soil also necessitaies repair of sewers and ditches and the dredging of lakes. In
addition, clearing and grading during construction cause the loss of native
vegetation necessary for terrestrial and aguatic habitat.

A5 a result, the purpose of this local regulation Is to safeguard persons, protect
nronerty, and prevent damage to the environment and the City of Auburn, This
ardinance will also promote the public welfare by guiding, regulating, and aontrolling
the design, construction, use, and maintenance of any development or pther activity
that digturhs or breaks the topscil or results in the movement of earth on land In the
City of Auburn.

161.002 Definitions
Loricultural Conservation Practices masans practices that are construgted on
agricultural land for the purposes of controlling soil  erosion and
o

sedimentation. These practices include grass waterways, sediment basing,
rerraces, and grade stabiization structuras.

Agricultural  Land Disturbing  Activity means tillage, planting, cultivation, or
harvesting operations for the production of agricultural or nursery vegetative
crops. The tarm also includes pasture renovation and estabiishment, the
construction ef agricultural conservation practices, and the installation and
maintenance of agricuitural drainage tile. For purposes of this ordinance, the
term doss not include land disturbing activities for the construction of
agricultural related facilities, such as:

(A} barns;

1B} buildings to house livestock;

i) roads associated with infrastructure;
(D agricultural waste lagoons and Tacilitias;
£y lskes and ponas;

wetlands: and

Tl

{G) other infrastruciure,

ices, dasigned to act ss effective, pracuicabie

i

Rast Management Practiges (BMPs] - means struciural or nonsiruciura
ar 8 combination of prac

means of minimizing the impacts of development and human activities on

i Ty
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water quality, Traditional structural BMPs, including exdended detention dry
ponds, wet ;ﬁ)i}ﬂﬁﬁ, infiltration trenches, and sand fiftration systems are now
commen slements of most new development projects. Structural BMPs rely
heavily on gravitational settling andjor the infiliration of soluble nutrients
though a porous medium for pollutant removal, Nonstructural BMPs, which
may be used independently or in conjunction with structural BMPs, rely on g
much wider breadth of mechanisms to prevent or control non point source
nollution (NPB}, Nonstructural BMPs renge from programs that incrsass
public awareness to prevent pellution, to the implementation of controb
griented technigues (such as bloretention and siorm water wetlands] that
utilize vegetation to enhance pollutant removal and restore the infiltrative
capacity of the sndscape.

Certified Contractor - means a person who has received training related 1o the
LA

indiana Departmant of Environmental Management Fule 5 and Rule 13
procecures to inspect and maintain erosion and sediment control praclices.

Ciry of Auburn - means emplovees or designess of the Clty of Auburn designated
to anforee and administer this ordinance.

Clearing — means any activity that removes the vegetative surface cover,

Construction Activity - means land disturbing activities and land disturbl =§ activitias
associsted with the construction of infrastructure and structurss, This ferm
does not include routine diteh or rosd maintenance or miner landscaping

orojects,

Construction Plan - means & representation of a project site and all activities
associated with the project. The plan includes the location of the projes
site, buildings and other infrastructure, grading activities, schedules for
implementation, and ather pertinent information related to the project site, A
storm water poliution prevention plan is s part of the construction plan,

Construction site accsss - means & stabilized sione surface at all points of ingress
or egress to a prolact site for the purpose of capturing and detaining
sediment carried by tires of vehicles or other equipment entering or exiting
the project site

Contractor or Subcontractor - means an indlvidua!l or company hired by the project
site or Individual ot owner, thelr agent, or the individual lot operator 1o
parform services on the project site,

Developer - maans (A} any person financially responsible for construction activity; or

(B} an owner of property who selis or leases, or offers Tor sale or %ease“f, any
fots in a subdivision,

Digscharae of a Poliutant — means any addition of any poilutant, or combination of
pollutants, into any waters of the state from a point source in indl

O Auburn - City ofI061552\H - Reports & PlansiH2 Final Reports or Plaps
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7™ Reading

rerm includes, without limitation, additions of pollutants into waters of the
state from the following: (1) Surface run-off collected or channeled by man.
12} Discharges through pipes, sewers, or other sonveyances that do not lead
1o treatment works,

Drainage Way- means any channel that conveys surface runofl throughout the sits.

Erosion - means the detachment and movement of soll, sediment, or rock fragments
by water, wind, iceg, or gravih

Erosion and Sediment Control Measure - means a practice or a combination of
practices, to control erosion and resuiting sedimem ation,

Erosion and Sediment Control Systern - means the use of appropriate erosion and
sediment control measures to minimize sedimentiation by first reducing or
sliminating erosion at the source and then, as necessary, trapping sediment
to prevent it from being discharged from or within a prolect site.

Sinal Srabilization - mesans the establishment of permanent vegetative cover or th
application of a permanent non-srosive material to areas where sl jang
disturbing activities have besn completed and no ad ditions! land disturbin

tivities are planned under the current permit

(.{} CL €

Grading - means the cutting end filling of the land surface 10 & desired slope or
alevation.

impervious Surface - mesns surfaces, such as pavement and rooftops that prevent
the infiltration of storm watsr info the soil.

individual Lot - means 2 single parcel of land within & multi-parcel development

Individual Lot Operator - means a centractor or subcontractor working on an
individual lot

individual Lot Ownsr - means s person who has Tinancial control of construction
activities for an individual lot,

Land Disturbing Activity - means any manmade change of the land su >
inciuding removing vegetative cover that exposes the wunderlying soll,
excavating, Filing, transporting, and grading., This term does not includ
routine ditch or road maintenance or minor landscaping projects.

Caraer Common Plan of Develooment or Sals - means a plan, undertaken by a s‘ gEe
project site owner or a group of project site owners acting in concert, 1o
offar lots for sale or lease; where such land is contiguous, or is known,
designatad, purchased or advertised as a common 8l COMMGn
name, such land shall be presumed as being offered for sale or i

5
=
2
O
=)
o
o
jaks
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1 Reading

Liiicmmg _______________________________
of a tlerger common pian. The term also includes phased or other
construction activity by a single entity Tor s own use.

Meassurable Storm Event - means a precipitation event that results in a total
measured precipitation accumutation equal to, or greater than, one-half (0.5)
inah of rainfail,

MS84 Area - means the land area described in the City of Auburn MB84 general storm
water permit pursuant to 327 1AL aau“z&

8194 Operator - means the person responsible for development, implamentation, or
anforcement of the minimum contrel measures for the City of Auburn MB4
ares.

Municinel Separaste Storm Sewsr Bystam” or “MBE4” - means & convavyanceg of
system of convevances, including roads with drainsge systems, municipal
strests, “aﬁ'ch bszb ne, curks, gutters, ditches, manmade channels, or storm
drains, that
1A OWP% or operated by &

(i} faderal, state, city, town, county, district, association, or other
public body {created by or pursuant to state law) having
jurisdiction over storm water, including special districts under
state law such as g sswer district, flood controb district or
drainage district, or similar entity, or & designated and
approved management 3 gmcy under Section 208 of the Clean
Water Act (33 UB C, | 288} that discharges info waters of the

state; or
{ii
01 Privately owned storm water utility, hospital, university or college
having i r%scﬁic‘{%@n over storm water that discharges into waters of
ihe state;

(B) Designed or used for collecting or convaying storm water;
() Hot 2 combined sewer; and
(D) Not part of a publicly owned treatment works {(POTW],

Peak Discharge - means tﬂe maximum rate of flow during 2 storm, usually in
reference to a spacific design storm event,

Paermanent Stabilization - means the sstablishmeant, gt a uniform density of saventy
: t {70%) soross the disturbed area, of vegetative cover or permanent
non-arosive materizl that will ensure the resistance of the soll o erosion,

sliding, or other movemsant.

h _.”au‘%mw" - City of\I061352VH - Reports & Plans\H2 Final Reports or Plans
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waterways, Pollutants may inciude, but are not limited to! paints, varnishes, and
solvents; ol and other automotive fluids; non-hazardous liquid and solid wastes
and vard wastes, refuse, rubbish, garbage, litter, or other discarded or
abandoned objects, and accumulations, so that the same may cause oOf
contribute  to  pollution; floatables: pesticides, herbicides, and  fertilizers;
harardous substances and wastes; sewage, fecal coliform and pathogens;

issoived and particulate metals; animal wastes; wasias ar*s‘é resicdues that result
from constructing a building or structure; a@nd noxious or offensive matter of any
kind. Also, but not limited to dredged spoil; incingrator residue, filter backwash,
sewage, garbage: siudge; munitions; chemical wastes; solid wastes: toxic
wastes: hazardous substances; biclogical materials; radicactive materials {axcept
those reguiated under the Atomic Energy Act of 1884, as amended; 42 U.s.C.
011, et seq., heat, wrecked or discarded eguipment; rock; sand; celfar dirt; and
other industrial, municipal, and agricultural waste; discharged into water.

Bhasing of Consetruction - means sequential development of smaller portions of &
large project site, siabiiizing each portion before beginning land disturbance
on subseguent portions, to minimize exposure of disturbed land to erosion

Proiect Site - means the entire arsa on which construction activity is to be

performed.

Project Site Owner - mesns the person required 1o submit the Erosion C{w‘rmé Frermi
Application under this ordinance and rmuirm to comply with the terms o

;

thig ordinance, including either of the followin

o C

(&0 A devslopear,

(B] A person who has financial and operational control of constructior
antivities and project plans and spscifications, Including the ability to maka
modifications to those plans and specifications.

Publicly Owned Treatment Works” or (POTW) - means a t;’@a‘m“aﬂ? works as defined
by Section 212 of the Act, (33 U.8.C. 1282} owned in this instance by the
City of Auburn, This definition inciudes any sewers, pipes, and other
convevances conveving wastewatsr to the POTW treatment plant. The term
does not include pines, sewers or other conveyances not connected o 2
facility providing treatment or storage. For the purposes of this Urdinance,
TBOTWY shall also include any sewers, pipes or other conveyances that
convey wastewaters 1o the POTW from persons outside the Clty who are, by
contract or agresment with the City, users of the City’s POTW. The term
also means the municipality, as defined in Ssction BOZ2(4] of the Clean Water
fct, which has jurisdiction over the discharges to and the direct discharges
from such a treatment works,

Runoff - means waters derived from mefng; snow or rain falling within a tributary
drainage basin thaet exceed the infiltration CE‘E"aC‘fT“\?’ of the soils of that basin,
flow over the surface of the ground, or are collected in channels or condiiits,

Final Beports or Pitm
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"Reading

bamg graﬂspsrtsd, or has Daarn moved from itz site of origin by air, water,
gravity, or ice and has come to rest on the earth’s surface.

Sedimentation - meansg the setﬂmg arl accumulation of unconsolidated sediment
carriad by storm water run-off,

Soil - means the unconsolidated mineral and organic rv‘arenal an the surface of the

earth that serves as the natural medium for the growth of plants.

Soil and Water Conservation District (SWCD) - means the Delslb County Soil and
Water Conservation District

Storm Water Pollution Prevention Plan [SWPP) - means a plan developed to
minimize the impact of storm water pollutants resulting from land disturbing
activities, The plan includes the location of the project site, bulldings and
othar infrastructure, grading activities, schedules for implementation, and
othar pertinent information related to ﬂ*e control of storm water pollutants.

Storm Water Qu Eiw Measure - means & practice, or a combination of practices,
cortrol or minimize pollutants associated with storm water run-off,

Strip Development - means a multi-lo? project site where individual lots front on an
axisting road,

Subdivision - means any land that is divided or proposed to be divided
whether contiguous or subject 10 zoning reguirements, for the purpose of

sale or lease as part of a larger common plan of development or sale.

Temporary Stabllizetion - means the covering of soil to ensure its resistance 1o
erosion, siiding, or other movement. The term includes vegesiastive cover,
anchored muich, or @thw non-arosive material apnlied a2t a uniform density of
seventy parcent (70%) across the disturbed area.

Tracking - means the deposition of goil that is transported from one (1} location 1o
another by tires, tracks of vehicles, or other eguipment.

Tratned Individual - means an érzf@‘vid“aé who is trained and experienced in the
principies of storm water iy, inchuding erosion and sediment coniro! as
may be demonstrated mg state registration, professional certification,
experience, of complstion of coursework that enable the nd:w@ua; 1o make
iudgments regarding storm water control or treatment and monitor

161.0032 Applicability

requirements under this ordinance are in compliance with 327 1AC 15-0 {Fule
b and apply to all persons mesting the reguirements of JAC 15-5-2. T
O Auburn - City of\J0613520H - Repores & Plans\H2Z Final Reports or Plans
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7 Reading
requires the control of polluted run-off from construction sies with a land
disturbance grmater then or equal to one acre or disturbances of less than one acre
it it is part of 2 larger common plan of development or sals that will disturb more
thar one aore gs determined below,

(1} For off-sita construction activities that provide services including, but not
firni ‘{ed to, road extensions, sewer, water, and other utilities, 1w a
permitted project site, these off-site activity areas must be considererd a
part of the permitted project site when the activity is under the control of

the projsct site ownar,

]

(23 Multi-lot project sites are regulated by this ordinance in accordance with
the following, unless the total combined land disturbance on all indi fvidual
ots s less than one (1) acre and is not part of a larger commen plan of
development or sale

¥
¢
i

(17 A determination of the area of land disturbance shall be calculated by
adding the total ares of land disturbance for improvements, such as
roads, utiities, or common areas, and the expected total disturbance
on each individual lot, as determined by the following:

Al For g single-family residential project site where the lots arg one-
nalf (0.5 acre or more, one-halt (0.5 scre of tand disturbance
mugt be used as the expected lot disturbancs

(B} For a single-family residential project site where the lots are less
than one-halt {0.5) acre in size, the total lot must be caiculated as
being disturbed,

1) To palculate iot disturbance on all other types of projact sites,
such as industrial and commercial project sites, the following

apply:
t Whare lots are one (1) acre or greater in size, a minimum of
nd disturbance must be calculated as the

one (1] acre of |
sxpectad lot o

-

iy Where the lots are less than one {1} acre in size, the total lot

{3) For purpases of this ordinance, strip developments:
(A} Are considersd as one [1) project site; and

{8) Must comply with this ordinance,

(4] The rsquirements under this rule do not apply to persons who are

O\ Auburn - Ciry ofAI0615525 0 - Reports & Plans\H2 Final Reports or Plans
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involved in agricultural land disturbing activities or forest harvesting
ctivities,

(5} The requirements under this rule do not apply to the following activities,
nrovided other appiicable permits contaln provisions requiring immediate
implamentation of soll erosion control measures.

a. Landfills that have basn issued a certification of closure under 328
IAC 0

ey

Coal mining activities permitted under 1€ 14-34

o, Municipal solid waste landfills that are accepting waste pursuant 1o a
permit  issued by the Indiana  Depsrtment  of  Environmental
Management (DEM) under 329 1AC 10 that contains eguivalent storm
water requirements, including the sxpansion of landfill boundaries and

construction of new cell eithar within or outside the original solid
waste permit boundary

d. Fosd and regulated drain maintenans
161,004 Project Slte Owner Hesponsibiiities
{a) The project site owner has the following responsibilities:
(1) Ensure that a Storm Water Poilution Prevention Plan (SWPPP} s
completed and submitted in accordance with Section 8 of this

ordinance.

(2} Ensure complisnce with this ordinence during the land disturbing
activity and the implemeantation of the SWPFPP,

(3} Complete and submit a Notice of Intent {NOI in accordance with
Section 7 of this ocrdinanrce,

14y Complete and submit a notice of termination letter (NOT) in
scoordanse with Section 11 of this ordinance.

£5)

Ensure thet all parsons engaging in construction activities on &
permitted project site comply with the applicable requirements of this
ordinance and the approved SWPPP,

{8} The project site owner shall inform all general contraciors,
construction management firms, grading or excavating sontractors,
1y contractors, and the contraciors H‘ t have orimary oversight on

individual building iots of the requirements of this f}raw e

had

fra - 3 fee P H- N v A H - -
conditions and gstandards included in ?:hfa SWEPE and the sc
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161,008 individua! Lot Owner or Operator Hesponsibiiities

{2y An individual Lot Operator, whether owning the property or acting as the

agem& of the property owner, shall be responsible for erosion and sediment
ortrol mﬁmramemﬁ as we::za"itpe:é with the aotivities on individual Lots,
i) ?z:)r an Individual Lot where land disturbancs is expected 1o be one (1) acre or
maore and the lot les within a proiect site permitted under this ordinance, the
individusl Lot Owner shall:

(1) Complete and submit a Notice of Intent (NGOL in aocardance with
Section 7 of this ordinance; and

{2) Ensure that & SWPPP iz completed and submitted in accordance with
Saction B of this ordinance,

(o] Far an Individual Lot where the land disturbance is less than one {1] acre and
the ot lies within 8 prolect sile t:}@mu:md under this ordinance, the individual
Lot Operator is not required to submit an Erosion Control Permit Application
ar & SWPPP, The individual ot operator shall comply with the provisions and
requirerments of the SWPPP developed by the project site owner and the
reguirements under Section § of this ordinance.

161.006 Gensral Reguirements for Storm Water Pollution Pravention
{ay The following requirements shall be met on sl project sites:
(1) Sediment-laden water flowing from the project site shall be treated by
o]

erpsion  and 5ec§;men“{ control  messurss  appropriste  to minimize
sedimentation.

.3

(2} Appropriate measures shall be implemented to minimize or ﬂsssmam
wasies or unused building materials, including garbaggé, debris, cleaning
wastes, wastewater, concrete truck wash ﬁui, and other substances from
being carried from a project site by run-off or wind, identification of areas
where concrete truck washout is szsgéb%e gt he clearly posted eﬁ{
appropriate areas of the site, Wastes and unused bullding materials sha
be managed and disposed of in accordance with all applicable statutes
and regulations,

£

'TJE

i

{3) A stable construction site access shall be provided at all points of
construction traffic ingress and sgrass to the project site.

iﬂ§

i Public or private roadways shall be kept cleared of accumulated sediment
that is & result of run-off or tracking. Bulk clearing of sediment shall not
include flushing the area with water. Clesred sediment shall bs

rﬂc%'s?r?buma:é or disposed of in a manner that is In accordance with al
olicable statutes and regulations.

inal Reports or Plan
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Storm water run-off leaving 8 project site must be discharged in g manner
that is consistent with apolicable state or federal law,

| Phasing of constraction activities shall be used, where possible, to

minimize disturbance of large arass,

} Appropriste measures shall be olannad and instelled as part of an erosion

and sediment control systern

Al storrn water guality mesasures must be desioned and installed under
the guidance ot a trained individual.

;

i Collected run-off jzaving & ;ﬁmjec sits must be either discharged directly
' rel

E

{
into a well-de stable receiving channsel or diffused and asad 1o
adjacent property without causing an erosion or pollutant proeblem 1o the
adjavent oroperty owner,

Drainage channels and swalses must be designed and adeguatsiy

orotected so0 ha their final gradients and resultant velgcities will not
cause arosion in the receiving channel or at the cutiet,

ral features, including wetlands and sinkholss, shali be proteciec
from pollutants associated with storm water run-off,

-
>
[
"
o
T
i
3
o
]
5
-
<
£
e
o
]

areas th fuled or lkely to be left 2 fo
fiftean {15} calendar days or more must be temporarly or pasrmanently
stabilized with measures approprigte for the ssason to minimize srosion
notential, Alternative maasures to site stabilization are acceptable i the
project site owner or their representative can demonsirate they have
implemented e?‘&s%om and sediment control measures adeguate o prevent
sediment discharge. Vegetsted arsss with a density of less than ssventy
peroant {70 /fw? Sh I be restabilized using appropriate methods o minimize
the srosion potent éz«.

1
i

During the period of construction activities, sl storm water guality
measures necessary o meet the reguirements of this rule shsll be
maintalned in working order.

Froper storage and handling of materials, such as fuels or hazardous
wasies, Ei?"zd soill prevention and clsan-up measures shall be implemented
i minimize the potential for pollutants 1o contaminate surface or ground
water or {issgrade soil auality.

?.“

inal stabilization of a project site is achieved when:
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(for example, evenly distributed, without large bare arsas]
perennial vegetative cover with a density of seventy percent
(70%) has been established on sl unpaved areas and arsas not
covered by permanent structurss, or eguivalent permanent
stabilization measures have been employed; and

(B} construction projects on land used for agricultural purposes are
returned to Its preconstruction ag;rz ultural use or disturbed
areas, not previously used for agricultural production, such as
filter strips and sreas thet are not being returned o their
sreconstruction  agricuitural use, meet the final stabilization
reguiraments in subsection (A}

1y for individual residential tots, final stabilization meeting the
criteria i subsaction (&) will be achisved when the individh ‘aE ot
oneraton

(A} complates final stabilization: or

(B} has installed appropriate erosion and sediment control
measurss for an individusl iot prior to occupation of the
home by the homeowner and has informed the homeowner
of the requirement for, and benefits of, final stabilization.

161.007 Notice of Intent

a. Information Reguirerments

The project site cwner must submit the following information with a complete
KO latter under this ordinance:

'

(1) Name, mailing addrass, and location of the project site for which the
notification iz submitted,

{2} The project site owner's name, address, telephone number, e-mall
address (f availablel, ownership sistus as federal, stste, public,
private, or other entity,

(3} Contact person [if different than project site owner), person’s name,
company name, address, e-mall address (if available), and telephone
number.

(4} A brief description of the construction project, including a aiammmt of
the total acreage of the project site. Total :zcre:a{;e sia med In the NOJ
lstter shall be consistent with the acreage covered in the construction
plan.

O Auburn - City of 061 5§ % Reports & Plans\H2 Final Reports or Plans
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1" Reading
27 Reading

(B} Estimated dates for initistion and complation of consiruction activities,
Within forty-eight (48) hours of the initiation of construction activity,
the project site owner must notfy the commissioner and the
appropriate plan reviewing agency of the actual project start date.

(8} The latitude and longitude of the approximate center m’- the project site
to the nearest fiftesn {15) seconds, and the nearast guarter section
townshin, range, and civil fownship In which a.é,fk; oroject site ';s

tocated.

{7} Total impervious surface area, in square feet, of the final project site
including  structures, roads, parking lots, and othaer similar
morovements,

18} The number of acres to be involved in the construction activities,

(91 Proof of publication In a newspaper of general clroulation in the
sHfected ares that notified the public thet a construction amivéw is io
commence, that staies, “{Company name, address] s submitting an
NOL istter to notity the f”'m,f aof Auburn MB4 and the Indiana

Department of Environmentat M aﬂac}emem of our intent to comply
with the reguirements under 327 [AC 15-5 to dischargs storm water

from construction a@twnéas; for the following project: (name of the
construction project, address of the location of the construction
maém?} ssz»ns:}“ from the project site will discharge to [(streaml(s)

[

eiving the dischargeisil

P10} A appli b%e g hst of all MS4 aress desicnated under 327 1AC 15-13

wwh n which the project site lies.

)

(111 A written certification by the operator that

(A} the storm water quality measures included in the construction
slan comply with the requiraments of this ordinance;

(B} the measures recuired by section 8 of this rule will be
implementad in accordance with the storm water poliution
prevention plan;

{C} f the projected land disturbance is one (1) acre or more, the
a@gasameﬁ seaé anel water conservation district or other entity
designated by the department has been sent a copy of the

construction plan for review;
(D) storm water quality measures beyond those specified in the storm
water pollution grave;;tso,‘ nlan will be Implemented during th

]

life of the permit if necessary to comply with section € of this

O:Auhurn - City oftI0615524H - Reports & Plans\H2 Final Reports or Flans
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By implementation of s*’{;m’* water guafity measures will be inspected
by trained individua

(12} The name of recelving water or, if the discharge is o a municipal
separate storm sewer, the name of the municipal operator of the
storm sewer and the ultimate receiving water.

113y The NOI lstter must be Sigﬁ:ﬂﬁué hy = person meeting the signatory
requirements in 327 1AC 15-4-3(g].

(14} A notification from the DeKalb County SWCD or an authorized IDEM
representative or the City of Auburn MS4 indicating that the
constructions plans are sufficient to comply with this f‘u‘é{:‘, This
requirement may be waived if the project site owner has no

notification from the reviewing agency within 28 days,

M
CD
Y
o
=
<
]
j

Atrtention: Qu! % 3 orrn Water Coordinator

ndiana Department of Envirenmentsl Management

Q tfice of Water Quality, Urban Wet Westher Saction
00 Naorth Senate Avenu

?‘*,C?, 8015

indianapolis, indiana 462086-601%

AND

M54 Goerator

City of Auburn

2010 South Wayne Bireet

Auburn, indian 4687085

Dekath County %WCE}
B4z W 15" Stree
Autburn, indiana &6?3%

Submission Reguiremeants

O\Auhurn - City of I0615520H - Reports & PlansiH
(Submitted to Others\Ordinances\05. Ordinance for

After ths ;}rojﬁct site owner has recsived notification from the reviewing
sgency that the construction plans mest the requirements of the rule or the
28 day review persccﬁ has expired, sll NOU letter information raguired unde

Section Tim) of this rule shall be submitied to the commissioner at lzast
forty-eight {148} hours prior to the initi aﬁ n of land disturbing activities at the

r"‘iﬂ

site. If the NOI letter is determined to be deficient, the project site owner
rmust address the deficient items and f;wr‘r‘a an amanded NOU letter 1o all
parties as specified in Section 7(a} “mm ordinan

For ca iz ong (1) acre o

1 )
wore es determined under section 2 of this rule, the following reguirements

mugt bhe met:

a project site where the proposed land f*ssturbar
&

3

2 Final Reports or Plans
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(17 A construction plan must be submittsd according to the following:
[A} Prior 1o the imitiation of any land disturbing activities,

(B) Sent to the DeKalb County SWCD or [IDEM  eauthorized
representative or the City of Auburn for review and verification that
the plan meets the requirements of the rule

{2} %‘f the construction plan required by subdivision (1) is determined to be
deficient, the DeKalb County SWCD or IDEM or IDEM authorized
;wreaamaz‘we or the City of Auburn may reguire modifications, ferms,

and conditions as necessary to meet the reguirements of the ruls. The
initiation of construction activity following notification by the reviswing
sgency that the plan does not mest the raguirements of the rule is a
violation and subject to enforcement action. If notification of a deficient
nlan is received after the review period outlined in subdivision (3] and
following commencement of construction activities, the plans must be
modified to meet the requirements of the rule and resubmitted within

fourteen (14) davys of receipt of the notification of deficient plans.
(31 ¥ the project site owner does not recelve notification within tw anty-right
[28) days after the -,t;ian is received by the reviewing agency stating that

the reviewing agency finds the plan is deficient, the project site owner
may submit the NOY letter information.

TET.008 Storm Water Pollution Prevention Pla

#. Bubmission Reguiremenis

11 oBore or

For 3 project site whers the proposed land disturbance is one
more ag determined under Section 3 of this ordinance, the foliowing
reguirements must be mat:

11} A Storm Water Poliution Prevention Plan {(SWPPP) containing the
F’fi)‘!"’”ﬂat on reguired in Section 8(b} of this ordinance must be
ubmitted to the DeKalb County SWCD or an IDEM authorizad
reprase&ntamf'e wriey o the initietion of any land disturbing activitias,
Submit two coples of the DWPPP 100
Dekalb County SWCD
947 W 1B Street

OrvAuburn - City of\I061552VH - Reporis & Plansi\H2 Final Repornts or Plans
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1% Reading
2™ Reading

Aubum, indians 48708

(7} The DeKalb County SWCD or an IDEM authorized representative il
raview sach application for a site development permit 1o detarming its
conformance with the provisions of thie regulation. Within 28 days
after receiving an application the DeKalb County SWCD or an IDER
authorized repraesentative shall, In writing:

1 Approve the permit application;

7 Approve the permit application uub;ez“‘ to such reasonable
conditions a8 may be necessary to secure substantially the
shjectives of this regulation, and issue the nermit subiect
to thesa conditions; of

3 Disepprove the permit application, indicating the reasonis)

and procedure for submitting a revised application and/or
submission.

(3} Egilure of the DeKalb County SWCD or an [DEM  authorized

renresentative 1o act on an original or revised application within 28
days of receipt shall authorize the applicant to orocesd in accordance
with the plans as :?iée@ unlsss such time s extended by agresmsnt

betwesn the applicant and the DeKalb County SWCD or an HER
suthorized representative. Pending preparation and approval of &
ravised plan, development activities shall be allowed t o proceed in
aceordance with conditions established by the Dekalb w&i_.%’[’“‘y‘ SWCD

3

or an IDEM authorized representative

(4} Approval of construction plans shail be besed on Rule 8 regulations
and any dasign oriteria in the City of Aub Storm Water BMP
manual,

(5} ¥ construction plans are altered after approval then they must be
resubritied for additional review.

(6) 1§ the SWPPP requirad by subdivision {1} is detsrmined to be deficient,

the SWCD may reguire modifications, terms, and conditions as
necessary to meet the requiremems of this ordinance. A rotice of
deficiency will be sant and parmit will not be issusd, Disficlent Hems
will need to be amended and rasubmitted and will begin 2 ’U«’%«mﬁ&ﬁ‘gy
review pericd.  The initiation of land disturbing activities Tollowin
written  notification by the SWCD  or an  authorized u:%‘vz
representative or the City of Auburn that the SWPPP doss not meet
the reguirements of this ordinance is a viclation of this ordinance and
subject 1o enforcement a{:?mﬂg

O\Auburn - City of\ FxﬁiE“‘EZE - Reports & Plans\H2 Final Reports or Plans
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R

19 Reading
Al - [
2" Reading

Information Reguirements

{rvAubur

A project site owner shall develop 2 Storm Wa Pollution Prevention Plan
designad to achieve tha storm water guality and erosion control reguiremants
specified In Section 8 of this ordinsnce. The SWPPP shall serve ag a
guidsling for storm water gquality, but should not be interpreisd to be the
only basig for implementation of storm water guality measures for a project
site. The project site owner is responsible for implemernting, accordance
with this rule, all measures necessary 0 agem iately prevant pol m

water run-off. The SWPPP must includs the following:

(1) Project narrative and supporting documents, including the following
information

(&) An index indicating the location, in the plan, of all information
reauired by this subsection

(B Description of the nature and purpose of the projs

{2y Legal description of the project site, The desgription shoultt be 1o
the nearest guartsr sectlon, township, and range, and include the
civil township,

0 Soil magﬁﬂrtém chargcteristics, imitations, and hazarde associated
with the prolect site and the measures that will be integrated into
the gzzﬁ;ec:t 1o overcomes or minimize adverse soil conditions.

m
o

zeneral construction ssquence of how the project site will be
built, including phases of construction.

(Fy Identify the name and the Hydrologic Unit Code (14 Digit)

O

available from the United States Geological Survey (USGS) for
the watershed the project is located in.

{G) A reduced plat or project site map showing the applicabls ot
numbers, ot boundaries, and rcad layvout and names. Ths
duced maep must be éegtbie and submitted on 2 sheet or shee*s

re
no larger than sleven {11} incheas by seventesn (17} inches for all
phases of sections of the prolect site,

nuality permits
é‘ha"‘t are requéred for construction activities associated with the

I
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f.f’
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o
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o
S
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(21 Vieinhty map depicting the profect site location in relationship 1w
recognizablie local Eaﬂdmarks towns, and malor roads, such as a USGS
tonographic guadrangle map or county or municipal road map.
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1 Reading
2% Reading

P A project shte leyout that must incl lude the following information:
o YO

(A) Location and name of all wetlands, lakes, and walercourses on or
adjacent to the project site,

By Location of all existing structures on the project site, [
applicadls.

IC) One hundred 100} vear floodplaing, floodway Tfringes, and
flondways. Please note if none exists.

(o) Soil map of the predominant soil types, as determined by ihe

United States Department of  Agriculture {USDA),  Natural
Besources Corservation Service (NRECE) ‘w@? Survey, or oan
eguivalent publication, or as determined by a soil scientist. A S0
legend must be included with the soil map.

A
Y
£
]
]
]
i
1]
£

() tdentitication and delineation of vegetative cover, sug
weeds, brush, and trees, on the project site

(Fy Land use of all adjacent properties
G} Existing topography at a contour interval appropriste 1o indicate
! & |
(H) Location of all proposed site improvements, inclugding roads,
utilities, lot delineation and dentification, proposed structures, an
SOMIMon areas.
(4) A construction grading plan, including the following information:

(A} Delinaation of all proposed land disturbing activities, including ofi-
site activities that will provide services to the proisct site.

I8 focation of gl soll stoskplies and borrow areas.
b Information regarding any off-site borrow, stockplie, or dizposal

areas that are associated with a project site a ,md under tha control
of the project site owner.

o

nhy at g contour interval eppropriate
(£} Proposed final one hundred {100] year floodplains, floodway
fringes, and floodways, if different than existing.
(5} A Stormwater Pollution Pravention Plan,  inciuding the following

O Auburn - City o\ 061552V - Reports & Plans\H2 Final Reports or Plans
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information:

(A} An estimate of the peak dischargs, based on the ten (10} vear
storm svent, of the profect site for both preconstruction and post
construction conditions

B Location, size, and dimensions of sl storm water manageameant
systemns, such as culverts, storm sewers, conveyance channels,
permanant retention or detention facilities, including axisting or
manmads wetiands,

ICY Locations whers storm water may be directly discharged into
aground water, such as shandoned welis or sinkholes, Ploase nofe
i none axists.

(D4 Locations of specific points where storm water discharge will

{E) Name of all receiving watars. I the discharge s 1o a separais
municipal storm sewer, identify the name of the municipal
operator and the uitimate receiving water,

{F1 Location, dimensions, detatled specifications, and constructio
datails of all temporary an @ permanent sterm water guality
Measures,

(GY Temporary and permanent stabilization plans include seguence of

implementation and the following:

{1 Specifications and anplication rares for soll amendmeants
and seed mixtures,

(it The type and application rate for anchored mulch,

{F Construction seguence {ﬁegcﬂhéﬂg the reistionship between
implemeantation of storm water guality measures and stages of
construciion activi "ttles,

{1 Self-monitoring program including plan and procedures.

IJ} A description of potential pollutant sources associated with the

consiruction activities that may reasonably be expected to add &
significant amount of poliutants to storm water discharges.

3

(K} Material handling and storage associated with the construction
activity shall meet the atorage, spill prevention and spill response
requiremants in tha City of Auburn Ground Water Protection

OnAuburn - Clry of\I0613520H - Reports & Plans\H2Z Final Reports or Plans
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(8) A copy of the post construction storm water managemeant plan.

The MS4 Operstor or the SWCD or an MFM mztmr zed renrgsentative may
upon finding reasonable cause reguire modification to the SWEPP T it s
determined that changes are necessary ciue to site conditions or project
design changes. Revised plans, if reguested, must be subimitted m the
cngrgpraﬂ@ entity within twenty-eight (28} calendar days of a request for
rmodification or before land disturbance,

167,000 Self-Monitoring Heguirements

| A self-monitoring program that includes the following must be implemented

at all permitiad project sites,

11 A train vidusl shall perform a written evaluation of the project site:
4 .

(A} by the end of the next business day following each measurable storm
svent: and

(B &t a minimum of one {7} time per weaek,
ntenance z:}“? e-x&ai%f"‘;g storm water guality measures 1o
(B} identify additional measures necessary to remain in compiiancs with

all applicable statutes and rules.

b Written evaluation reports must ingjude:

;ELS

(A} the name of the individua! performing the evaluation,

42
[
£
s
i
o]
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s
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o
&
=

(8} th
(C}  problems identified at the project site; and

(DY detaile of corrective actions recommended and comnlated.

&

b Al evalustion reports for the prolect site must be mede avallab
MS4 Operator or other designated entity within forty-eight (A8 hourg o
g request.

(5} Maintain inspection records for three (3] from date of NOT.

OhAuburn - City of\I061552VH - Reports & Plans\H2 Final Reports or Plans
d 1o Others)\Ordinances\05. Ordinance for Stormwater Construction Site.doc

{Submitte



161.010 Inspection and Violations

{at DeKalb County SWCD, IDEM, or an IDEM authorized representative shall
make inspections as hereinafter required and either approve that portion of
the work completed or shall notify the permittee wherein the work fails to
comply with the SWPP a3 spproved, Plans for grading, stripping,
excavating, and filling work bearing the stamp of approval of the Delalb
County SWCD, IDEM, or an IDEM or an IDEM authorized representative shall
be maintained st the site during th@ progress of the work. To obiain
inspections, the parmities shatl ﬁmé‘fv the DeKalb County SWOCD, 1DEM, or
an IDEM authorized representative at least two working days before the
following:

a, Srtart of construction
b erosion control measures
¢. Completion of site clearing

d. Completion of rough grading

®

Completion of final grading
t. Close of the construction season
g. Completion of final landscaping
by The DeKalb County SWCD, IDEM, or an IDEM, or an IDEM sauthorized
|

enter the property of the applicant as desmed necessary
ake regular inspections to snsure the validity of the reporis filed under

activities on a project site shall be
nd the provisions of this

_ ngaging in construction a
responsible for complying with the SWPPP

)

=
o
i
i 1
5
o
- 3
&
@
]
@
)
=
3
]

jx]

(di The MS4 Operator or an IDEM authorized representative shall investigate
lations of this ordinance to determine which person may bde

respansible for the violation. The MB4 Operator or an IDEM authorized

‘ consider Dilb?%@ racords of ownersiip,
ant, and other relgvant

imforma‘zaw which may include sits %nspacié@mﬁ storm waier poltution
prevention plans, permit applications, and other information related to the
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1% R

?\“a{;‘givj("
2" Reading

fants and clreumstances of the potsntial vielation, Any person
r contributing to & viclation of any provisions of this ordinance shall
be subiect to enforcemeant and penalty under section 13

1681.011% Project Termination

{a) The project site ownar shall plan an orderly and timely termination of the land
disturbing activities, including the implementation of storm water auality
measures that are 1o ramain on the oroject site,

b} Except as provided in subdivision ic}, the project site owner shall submit a
Notice of Termination (NOT) letter to the MS4 Operator or other designated
entity certifying that sach of the following conditions have beean met:

o
s
i

(13 Al land disturbing activities, including construction on all building
kave been compieted and the entire site has been stabilized.

{2} All temporary erosion and sediment control measures have been
rEMmovas,

3y All post-construction certified BMPs and associated contral devices have

heen installed and documented with urisdictionat antity.

(c) The project site owner may submit an NOT letter to obtain early release from
somplisnce with this ordinance if the following con cfstsms are met:

>

The remaining, undeveloped acreags does not excesd five (B] acres, with
sontiguous areas not to exceed one (1) acre.

(Bl A map of the project site, clearly identifying all remaining undeveloped
s attached to the NOT letter. The map must be accompanied b &
ist of names and addresses of individual lot owners or individua! lot
operators of sl undeveloped lofs,

iois

(Cy Al public and common improvameants, W“ ding infrastructure, have been
completed and gﬁar"ﬂaﬂem;gﬁ stabilizad and have been transferred to the
appropriate local entity.

1 The remaining screage doss not pose & significant threst to the integrity
of the infrastrecture, adiacant g:afaﬂert!m or water quality,

(E} All permanent storm water guality measures have been impiemented and
arg operational.

(¢ The MS4 Operator or other deslgnated entity shall verify the
the NOT letter, Unon receipt of w;éﬁ approval of the NOT
M34 Operator or other des ;gn%‘s d smity} the Erosion Control
ionger be valid and the project site owner shall no longer be responsible for

complisnce with this @rmw noe,

information in
ttar from the
armit shall no

le
=

,..

it
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Auburn - Ciry ofA1061552

LA permit issued undar this ordinance g granted for 3 pericd of five

} Following receipt of a writien approval of an sarly release NCT lsetter in
accordance with Subsection (o], the project sst@ owner shall notity all current
individua!l ot owners and a[! subseqguent individual ot owners of the
remaining undeveloped acreage and acreage we"r% construstion activity that
they ars rﬂsgmmssbia for complying with under Section 8 of this ordinance.
The remaining individual lot owners do not neaed to submit an SWPPF or an
NOT letter. The notice must contain a verified statement that each of the
conditions in subsection (o} have baen mel. The notice must also inform the
mdividual lot owners of the reguirements 1o

(1) install and maintain @F}?‘-FOE}?E&“{E maasures to prevent sediment from
lsaving the individual buildin sand

{21 maintain 8l erosion and sediment ocontrol measures that are to remain on-
site as part of the construction plan.

After g verified NOT letter has been submitted for a8 project site, maintenance

of the remaining storm water gualily measures Shaél b the responsibitity of
the individual ot owner or oooupier of the property

161.0%2 Duration of Fermit

from the date coverage commencas,

Ornce the five (B) vear permit term duration (s reached, the permit issusd
under this ordinance will be considered expired, and, as nscsssary for
construction astivity continuestion, a new permit applization would nesd to
be submitted in accordance with g b ction {cl,

V Ta obtain g renewal oermit, the information reguired under Section 7 of this

prdinance must be submitted to the MS4 Operator ssmew (G0 calendar days
gf%or to the termination date of the permit. Coverage under a renewsl parmit

wilf bagin on the date of sxpiration from the previous five {5} vear permit
term, SWEPPP should be updated if necassary,

161.0132 Enforcement

Stop-Work Order; Hevocsation of Permit

e the event that any parson holding & site development permit pursuant o
this ordinance violates the terms of ths ;;a-*mﬁt or implements  site
development in such & manner ag to materislly adversely affect the health,
welfare, or safety of persons residing or working é; the nelghborhood or
development sits 30 a8 to be materially detrimental 1o the public wealfare o
urious o propsrty or improvements in the neighborhood, the City o
b or e designated repressntatives may refer the matter to [DEM for

Pl
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(o}

If remaining storm water quality measures are not properly
person occupving or owning the property, IDEM may purs
against that persen for correction of deficiencies undsr 327 1AC 'iéw“wfin

Pl
S
ot
&
o
o
O3
s
L
.
s
&

Construction plans, SWPPP, self-inspection jogs, and other supportin
documentation associated with the project site must be mads available to
the MS4 Operator or its designated representatives within forty-eight {48]

hiours of such & reguest.

Viotation and Penaliies

No person shall construct, enlarge, alter, repair, or maintain any grading,
exocavation, or fiil, or cause the sams 10 3‘3&’-‘- done, contrary 1o or in viclation
of any terms of this ordinance. Any penalties for violation of this ordinance
shall be governed by 1C 13-18-4 as detailed in 327 1AL 15-1 et al

161.014 Separghility

¢

The nrovisions ang sections of this ordinance shall be deemed 1o bs separable,
?_J

and the invalidity of any portion of this ordinance shall not affect th

po)
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o
&
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the remainder.
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ORDINANCE NO. 2006-10

AN CRDINANGE TO ESTABLISH RULES RELATED TO POST CONSTRUCTION STORM
WATER CONTROL

SUMMARY

The purpose of this ordipance is o srovide for the heallh, safety, and general welfaras of the
citizens of the City of Auburmn through the regulation of non-starm water discharges o the
municipal separate storm sewer MS4) conveyance system o the maximum axtent practicable
as required by federal and state law.

o Recorder's Office 7/20/06  Publish Public Hearing

I Audiior's Office BI/GE

.. Clerk's Office . % Publish O/R after adoplion
Oiher

% Inpternet Web Based Clty Code
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ORDINANCE NG, 2008410

AN ORDINANCE TO ESTABLISH RULES RELATED TO POST CONSTRUCTION STORM
WATER CONTROL

BEIT ORDAINED BY THE COMMON COUNCIL OF THE CITY OF AUBURN, INDIANA:
Section |

That the following attached Exhibit “A” shall be adopted as an Ordinance of the Municipal
City of Auburn, indiana, codified, and placed on the City of Auburn, indiansa intemet web-based
municipal code sie,

The ordinance shall be codified as Chapter 162 of the Auburn Municipal Code and

placed on the interne! web-based site as sat forth In Exhibit “A7 {oodified form).

The Clerk-Treasurer shail cause this ordinance to be published in the Evening Star
Mewspaper upon lis passage. A public hearing regarding this Ordinance shall take place befors

its second reading. An original copy of this Ordinance shall be maintained by the Clerk-
Traasurer.
Seation il

BEIT FURTHER ORDAINED that this Ordinance shall be In full force and effect from
and after its passage by the Common Councll and signing by the Wavyor and proper publication
in a newspaper of general circulation,

PAGSED AND ADOPTED by the Common Councll of the City of Auburn, indiana, this

o dayof g i 5_._;,; , 20408

I A
e fog o N,
Bliy 307 Pl

l{(/ FHAAL
ez Finchum, Counciimember
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ATTEST:

L& e e NN
Patiois Miller
Clerk-Treasurer

Prasented by me to the Mayor of the City of Auburn, indiana, this  dst  davol

CAugust , 2008

PO — - ({f“-\\\
e ,«;T{\KE’?\M Lan. D
PATRICEA MILLER
Clark-Traasurer
APPROVED AND SIGNED by ma this __ 1st___ day of Argust , 2008,
e P
ﬁ Tt f?{f . .
NORMAN E, YODERAMayor
YOTING: ; AYE BAY

Bichard 8. Ring

Diavid Painder

Joames Finchum

, ‘j{i{ _{4’ ML/&,{{,{L/ {/‘J)J5

Marlyn Gearharl 77/;@/(,& .
. &j im“{ww—
Sian Greenice

Greqg Kenner

Michasl Waller
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Sgotion 182.001
introduction/Furposse

Furposs

The purpese of this ordinance is (o establish minimum storm water management requirements and
conirols to protect and safeguard the general health, safety, and weilare of the public residing in
watersheds within the City of Auburn MS4 Area. This ordinance sesks to meetthat purpose through
the following ohiactives:

e

P—

Te prevent accelerated soll erosion and to control storm water runoff resulting from land
disturbing activities, both during and after construction,

2} To assurs thal property owners control the volume and rate of stormwater runofio
from their property so that surface water and groundwatar quality Is protacted, soll erosior
minimized and flooding potential reduced,

Te restrict storm water runoff entering and leaving developmant sites o non-erosive
relacitias by requiring temporary and permanent soll erosion confrol measures.

Gad
eet?

g

4} To assure that soll erosion control and storm waler runoff control systems are incorporated
into site planning at an early stage in the planning and design process.

5} To eliminate the need for sostly maintenance and repairs © raads, embankments, diiches,
straams, lakes, wetlands, and storm water control facilitios which are the resulf of excassive
soil erosion and inadequate storm water runoff control,

Ty encourags the design and construction f storm wa
multinle purposes, including but not imited to flioad prevention, water quality protection,
wildlife habitat preservation, educatlion, screation, and wellands protection.

fox)
i

7y To assure that all storm water ~antrol facilities will be properly designed, constructed, and
maintainad.

8} To provide for enforcement of this ordinance.
Compatibility with Other Permit and Ordinance Reguirements

This ardinance is not intended to interfers with, abrogate, or annul any giner ordinancs, rule or
requlation, statute, or other provision of law, The raquiremants of this ordinance should be
considerad minimum requiremants, and where any srovision of this ordinance imposes resirictions
different from those imposed by any ofher ordinance, ride or regulation, or other provision of law,
whichever provisions are more resfrictive or inpose higher protective standards for human health or
the environment shall he considered (o ake pracedence,

Page 5of 18
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Severabilty

i the provisions of any arficle, section, subsection, paragraph, subdivision, or clause of this
ardinance shall be judged invalid by & court of compeatent jurlsdiction, such order of Judgment shall
not affect or invalidate the remainder of any article, section, subsection, paragraph, subdivision, or
clause of this ordinance.

Development of 3 Storm Water Best Management Practices {BMP) Technical Manual

The City of Aubum will furnish additional policy, criteria and information including specifications and
standards, for the properimplementation of the reguirements of this ordinance and wif provide such
information in the form of 2 Storm Water BWMP Technical Manual This manual will include g Iistof
approved storm water BMPs, Including specific design oriteria and operalion and maintenance
requirements for each practice. The manual may be updated and expanded from time to time, st the
discretion of the local review authority, based on improvements in engineering, science, monilonng,
and local maintenance experience. Storm water freatment praclices that are constructed in
accordance with these design and sizing criteria will be presumed o meet the minimum water
aualily performance standards.

Page 8 of 18
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Bection 162,002
Definitions

Auburn, Citv of — means empioyees of representatives of the Clty of Aubum designated to anforoe
and administer this ordinance.

Bast manancement practice (BMP) — means any structural or nonstructural control measure utilized
to improve the guality and, as appropriate, reduce the guantify of storm water run-off. Hincludes
sehedules of activities, prohibitions of practice, treatment reqguiremnents, operation and maintenance
procedures, use of containment facilifes, fand use planning, policy techniques, and other
management practices,

Convevance — means any structural process for transferring storm water between at least two (2)
points. The term includes, butis not lirnited to, piping, ditches, swales, curbs, gutters, caleh basing,

r

channels, storm drains, and roadways.

Nakalh Counfy — means employess or representatives of the Dekalb County, Indiana,

Nepartment — refars to the Indiana Depariment of Environmenial Management (IDEM},
Cinatahie - means any solid waste that, dug o its physical characteristics, will float on the surface of
water. For the purposes of this ordinance, the term does not include naturally occurring floatablss,
such as lsaves or tree imbs,

el dischargs — means any discharge to an M54 conveyance that is not composad entirely of
storm water, sxcept naturally ocourring floatables, such as leaves or ree limbs, Sources of Hicit
discharges inciude sanitary wastewaler, seplic tank effiuent, car wash wastawatar, ol disposal,
radiator flushing disposal, laundry wastewater, roadway acoident spiflage, and househeld hazardous
wasles,

impervious surface — means any surface that nravants siorm waler o readil infiirate info the solls,
¥ 4 ¥

ndividua! Natlonal Pollutant Discharge Elimination Svstern (NEDES) permit — means an NPDED
permit issued fo one (1} M34 operator thai contains requirements specific to that M54 conveyancs.

{araer commeon plan of development or sale — means a plan, undertaken by 3 single developerora
group of developers acling in concerl, tn offer lots far sale or lease where such land Is configuous,
or s known, designed, purchased, or advertised as a common unit or by a common harme, such
tand shall be presumed as being offered for sale or lease as part of & larger common plan. The term
also includes phased construction by a single entity for e own use,

siminfenance Agresment — means g legally recorded document that acts 2s a property deed
restiction. and which provides for long-term maintenance of storm water management practices.

Poge 7 of 18
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that receives coverage under one

MS4 ares - means a land area comprising one (1) or more |
LE(ai4Yand 327 1AL 5-4-8(aME).

placas
{(TYNPDES storm water permit regulated by Rule 13 or 327 1AC 84
WS4 operator — means the pérson responsible for development, implementation, or enforcement of
the MOMs for a designated MS4 ares.

Municinal separaie siorm sewer sysiem (M34) -~ means & conveyance or system of convayancss,
including, but not limited o, roads whh drainage syﬁéewa municipst sireets, catch basing, curbs,
gutters, difches, manmade channels, or siorm drains, that is:

(AY owned or operated by &

iy federal, state, oity, Cily, county, district, association, or other public body (created by
or pursuart o state 1 w having jurisdiction over storm waler, Sm*wﬁ;ﬂg apecial
districts under state law such a5 2 sewer dishict, flood control distric!, or dy éénag@
district, or similar enfily, or a designated and approved managemeant agency under
Section 208 of the Clean Water Act (33 U 5.0, 1288 that discharges into walers of
the stale; or
(i) privately owned storm waler utility, hosplial, university, or college having jurisdiction
over storm water that discharges into waters of the siate;

(B) designed or usad for collecting or conveying storm waler,

{C) not & combined sewer; and
(Y not part of a publicly owned treatment works (POTW) as defined at 40 CFR 122.2.

KMunicioal siate federal or instilutional refueling ares — means an operailing gasoline or diess|
fueling area whose primary \guraf“i'am iz o provide fusl o either municipsl, state, federal, or
ingtiutional squiprment or vehicle

ice of deficiency letter INOD latter) — means a wrilten notification from the depariment indicating
an MS4 antity's deficiencias in its NO! istter or 8WOMF submifials.

Motica of intent letter (N [etter) — means g wrilten notification indicating an M54 ently's intention in
comply with the terms of Ruls 13 in lieu of applying for an individual NPDES permit and includes
information as required under sections 6 and 9 of Rude 13, 1tis the application for obtaining permit
coverage under Rule 1

sufficiency letter (NO S letfer) — means a wrillen nolification from the dm;ﬁ“f’é nerd indicating
that an E 1S4 entity hag sufficiently provided the reguired information in ils NOI letter or SWQMP
o

Netice of termination letter INOT ;@é““wmgaﬁga written notification from the deparimant indicating
et an MS4 entity has met ihe conditions to terminate its permit coverage under Rule 13,

Page 8 of 18
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Pollutant — means anything thal causes or contributes to pollution discharged into walerways.
Pollutants may include, but are not fimited to; paints, varnishes, and soivents: off and olher
sutormotive fluids: non-hazardous liquid and solid wastes and yard wastes; refuse, rubbish, garbage,
liter, or other discarded or zbandoned objects, and aceugmuiations, so thatl the same may calse or
soniribute to poliution; floatables; sesficides, herbicides, and ferillizers: hazardous substances and
wastes: sewage, fecal coliform and pathogens, dissolved and particuiate meials; animal wasles;
wastes and residuss that result from constructing a bullding or structure; and noxious or offensive
matier of any kind, Also, but not hmited o dredged spoil; incinerator residue, fiter backwash;
sewage, garbage; sludge; munitions; chemical wastes: solid wastes; lodic wastes; hazardous
substances: binlogical materials; radicactive materials (except those regulated under the Adomic
Energy Act of 1954, as amended,; 42 11.8.C. 011, et seq., heat, wrecked or discarded sOuipmant;
rock: sand; caliar dirt; and otherindustrial, municipal, and agricultural waste; discharged into waler,

Dollutant of concem — means any pollutant that has been docurnented via analytical data as 8 cause
of impairment in any waterbody, or o ancther MS4, fo which the MB4 discharges.

Responsible individual or party - means the person responsible for development, implementation, or
anicrcement of the MCMs for a designated M34 entity.

Retsil nasciine oullet - means an operating gasoline or diesal fusiing facility whose primary funclion
s the resale of fuels, The ferm applies fo facliites that create five thousand (35,0007 or more sguars

A

fast of impervious surfaces or generale an average daily traffic count of one hundred (100) vehicles

TEUEL

ner one thousand (1,600} square faat of land area.

Soil and water consenvalion district (SWCD) - means a political subdivision established under iC
14-32.

Storm walsr — means water resulling from rain, melting or metted snow, hall, sleet or otner natural
OCCUITENCeS,

Sipern water cuslity manacement plan (SWOMP) - means & comprehensive written document that
addrosses storm water run-off guality within an M54 grea. The SWOMP s divided into three {3}
different submitial parts as follows:

(A) Part A-Initial Application.
(8) Part B-Basaline Characlerization and Reporl.
(CY Part C-Program implementation.

Waterg — MBAENS.
o P

(A} the accumutations of waler, suriace and underground, natural and artificial, public and
oy

a3 part of the accurnulations of watsr; that are wholly or partially within flow through, or
harder unon indiana. The term does not inglude 2 private nong, or an off siream pond,
i b
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reservoir, or BMP built for reduction or confrol of poliution or cooling of water befora
discharge, unless the discharge from the pond, reservolr, or BMP causes or threatens to
cause water poliution,

Watarshed — means an arez of land from which water draing o a common point.

Bection 182,083
Applicabliity

The requirements under this ordinance are in compliance with 327 1AC 15-5 (Rule 5) and 327 1AC
16-13 (Rule 13). The storm water pollution prevention plan, which is me‘t#&m i the City of Aubum
as part of the construction plan approvel process, must include post-construction storm water quallty
measures. These measuras are incorporated as a permanent feature into the site plan and are lefl
in place following completion of construction activities fo continuously store and/or reat a{'&m‘s watler
from the siabilized site. Any project located within the City of Auburn that includes clearing, grading,
excavation, concrele or himmzmw% paving, and othser land c:é“ﬁmrban activiies, resu %mg in fhe
disturbance of orimpact on one (1) acre or more of toial land area, is subject to tha reguirements of
this Ordinance. This includes both new develepment and re-development, and disturbances of less
than one (MYaore of lend thatare partof a @wge common plan of de valopment or sale if the larger
common plan witl ulimately disturb one (1) or more acras of land, within the M54 area,

The requirements under Rule 13 do not apply fo persons who ars involved in agricultural land
disturbing activities or forest harvesting aclivities,

The requirements under Rule 13 do not apply to the Tollowing activities, provided other applicable
permits contain provisions requiring immediate implementation of scil erosion control measures,

a. Lawdf’ is that have been issued a cerfification of closure under 328 1AC 10
&, i mining activities permitied under (C 14-34
. ?if? nicipat bz}ﬁ id waste landfills that ars accepting wasle pursuant io a permit issued by the

iﬂdiaﬁa Department of Environmental Management (DEM) under 325 1AC 10 that contains

equivalent storm waler requirements, including the expansion of landfill boundaries and

congtruction of now celi(s) eithar within or outside the ori ginal solid wasie psrmil boundary
d. Hoad and reguated draln mainisnance

i will be the responsibility of the prolect site owner and/or profect site owner's dasignee (o ensure
nroper consiruction and installation m’ Hain ﬁwa@f%%’*?ﬁ in’ compiiance with this Crdinance, and
to notify the City of Auburn MS4 Operator with 2 notics of termin ation letter {MNOTY upon comal letion
of the projact and stabilization of th e site, However, all eveniual property Qmﬁerﬂ‘ of storm water
ouality management faciliies meeting the applicability requirements must comply with the
requiremants of this GOrdinance,
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Sactlon 1682.004
Parfnrmance Criteria for Storm Water Management

tess judged by the City of Aubum o he exempt, the following performance criterig shalt be

Lrozalz

addressed for storm water management at all sites:

1y Al site designs shall establish storm waler rmanagement practices to control the paak fow
rnies of storm water discharge assoclated with specified design storms and reduce the
generation of storm water. These practices should seek to ulllize nervious areas for storm
water treatment and o infiltrate storm water from driveways, sidewalks, rooftops, parking
iots, and fendscaped arsas to the maximum exient sractical to provide treatment for both
watar quality and guanfity, .

2} Al storm water generated from new development shall not discharge untreated storm water
directly info a receiving waler body.

3} For new development, structural storm water reatment practices shail be designed i
rernove 80% of the averags annual post development total suspendad solids {15 Shyload
is presumsd that a BMP complies with this performance standard if it is

2. Sized io capturs the prascribed water quality volums (WO

b, Designed according to the specific performance criteria oullined In the City of
Aubura’s Storm Water BMP Technical Manual,

¢, Constructed properly, and

g, Weintained regularhy.

4} The caloulations for determining peak flows as found in the Storm Water BMP Technical

Manual shall be used for sizing all sform water BMPs unless prior approval s recelved from

the Clty of Aubum,

“or sites that discharge to DeKalb County controiled drains the storm water BMP shall be

designed to meet any applicable requirements in the Delalb County Storm Water Controt

Ordinance and receive County Drainage Board approval i appropriate.

New retail gasoline or diesel fuel oullets, new municipal, state, federal, or institutional

gasoline or digsel refusling areas, ornew privately owned gasoling or diszel refusling arsas,

or exising gascline or dissel outlets and refueling areas that replace their existing tanks or
install additional new tanks mustinstall appropriate DMPs o reduce lead, copper, zing, and
hydrocarbons in storm water.

7y Individual properties that have 5.0 aores or more of paved (asphalt, concrete, brick, stong
navers, or other impenvious materials) area must install appropriate nraciicas o reduce lead,
sopper, zing, and hydrocarbons in storm water, :

B} Infittration praciices are to be allowed In welthead proteciion arsas.

9y Vegetated fitter stips are required along unvegetated swales and ditcheas.

10) Discharge from the M34 conveyance into sinkholes or fractured bedrock without treatment
that results in the discharge mesting indiana groundwater guality standards as referancas i
327 1AC 2-11 are prohibited.

11) Discharges from storm water Class V injection must mesel Indiana groundwater guallly
standards.
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Section 182,005
Btorm Water Management Design Criteria

The specific storm water BMP design oriteria are not detalied in this Ordinance. The detailed stonn
waler management design criteria are provided in the City of Auburn’s Storrm Water BMP Technical
Manuzl The Storm Water BMP Technical Manual allows selactdesign information {o changs over
tirne as new nformation or techniques become avallable without requiring the formal process
neaded 1o change ordinance fanguage, The Ordinance can then require those submitiing any
development application o consull the current Storm Waler BMP Technical Manual for the axact
design criteria for the sform water management praclices appropriate for their site.

Approved BMP's are fisted in the City of Aubum’s Storm Water BMP Technical Manual. The
approved BMPs must be designed, constructed, and maintained according to guidelines provided in
the Storm Waiter BMP Technical Manual or as provided by the manufacturer of the storm water
BMP, Practices other than those specified in the approved lisimay be ulilized. However, the burden
of proof, as © Whmfhm the parformance (minimum 80% T38 removal) and sase of maintenance of
such practices will be placed with the applicant. Datails regarding the procedures and criteria for
consideration of acceptance of such BMPs are available from the International Slomm water Best
Management Practices (BMP) Database developed by the Federal Highway Administration {z«—H ARG
and the American Society af Civit Enginesrs (ASCE)L The information and data is available at
oo/ wwew bimipdatabase.org.

Minimum Control Reguirements

All storm water BMPs will be designed sc that the specific sform fre BqUENCY storage volumess o meel
water cuality and water guaniity reduction reguirements as identified in the current Storm Waler
BMP Technical Manual ars metl,

In addifion, if hydrologic ortopographic conditions warrant greater control than that providsed by the
control requiremaents present in the BMP Technica! Manual, the Cily of Auburm reserves the rightio
impose any and all additional regquiremants desmed necessary {o control the volume, timing, and
rate of run off.

Site Design Feasibility

e ahall be chosen based on the physical condifions of

Sinnm water management practices for 2 sit
& considerad inciude!

=
the site, Among the faciors that should b

1. Topography

2. Maximum Drainage Areas

3. Depth to Water Table

4. Soils

5. Slopes

g, Terrain

7. Head

& Location in relation to environmentally sensitive festures or urban arsas.

8?:@;3 s fa% y BMP Technical Manual for guidance on the faciors thal

ity whan select ng storm waier BMPMs
?ﬂ g 12 of 1
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Section 162.006
Reguiremenis for Storm Waler Management Plan Approval

The Gty shall review the Storm Water Seliution Prevention Plan (SWPPP) to determine whether the
requirements of this ordinance and the City of Aubum Construction Site run-GHf Condrot located in
Section 162 of the City of Auburn Municipal Code. fthe City determines that the proposed SWPPP
complies with the standards in the Construction Site Runofl Control and Post Construction Runoff
Control Ordinances, s parmit shall be issuad specilying the work approved. If the proposed plan
does not comply with these standards, the narmit request shall be modifisd or deniad. Upon
request, the City will furnish the applicant or other interested persons with 2 statement in wiiting of
the reasons for permit denial or approval, If necessary, the City may request additional information

from the applicant,
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162 007
Construction inspection

Notice of Construction Sommencement

The applicant must notify the City of Auburn in advance before the commencement of construction
of the BMP. The staff of the City of Auburm shall conduct regular inspections of the construction
site, All ingpections shall ba documeanted and writlen reports prepared that contain the following
information:

The date and location of the inspaction;

Whether construction is in compliance wilh the approved storm water management plan,
Yarigtions from the approved construction specifications; and

Any infractions of this ordinance that exist,

if any infractions are found, the property ownar shall be notified In wriling of the nature of {he
infraction and the required corrective actions. No added work shall procesd uniil any infractions are
correctad and all work previously completed has received approval by the City of Aubum,

BN

As Bullt Plans

All project site owners are requirad to submit “as bullt” plans for any storm water BMPs located on-
site after final construction is completed. The plan must show the final design specifications for all
storm water BMPs and must be ceriifiad by a professional enginesr. Afinal inspection by the Cly of

Auburn is recuired before the release of any performance securities can oscur.

Landscaning and Stabilizetion Reguirements

Arny area of land from which the natural vegetative cover has been either partially or wholly cleared
or removed by development aclivities shall be revegeiated within fiftgen (15} days fram e
substantial completion of such dlearing and construction. The following crfteria shall apply ©
ravegeialion efforts:

»  Feseeding must be done with an annual or perennial cover crop accompanied by
placemant of straw mulch or its aguivaient of sufficient coverage o control erosion
until such time as the cover crop is established over ninaty percent (80%) of the
sepded area.

+  Replanting with nafive woody and herbacsous vegetaiion must be accompaniad by
pizcement of straw mulch or s equivalent of suficient coverage o controt erosion
until the plantings are sstablished and are capable of controlling erosion,

o Any arsa of revegetation must exhibit survival of a minimum of seventy percent
{70%) of the cover crop throughout the yvear immediately following revege
Revegsatation must be repeated in successive vears until the minimum ssventy
percant (70%) survival for one (1) year is achleved,

int addition {o the above requirament: ndscaping plan must be submitted with ths final design
describing the vagetative stabilization and management fechniques fo be used at a siie after
constriction iz completed in not only how the site will be siabiized after




1% Reading
2" Beading

construction, but who will be responsible for the maintenance of vegetation at the site and what
oractices will be employed fo ensure that adeguate vegetative coveris nresarved. Tris plan must
he prepared by a registered landscape architect or the owner of the real estate, with the approval of
the iocal soll conservation district, and must be approved prior to recsiving a permit.

Ingpection Authorlty

After the approval of the Storm Waler Management Plan by the City of Aubum and the
commencement of construction activities, the City of Auburn has the authority fo conduct inspections
of the work being done o ensure full compliance with the provisions of this Ordinance and the terms
and sondilons of the approved permit

The City of Auburn has the authority to perform ong-term, post-construction inspection of gl publie
or privately owned BMPs. Tha Inspections will follow the Operation and Maintenance procedures
included in the Storm Water BMP Technical Manual and/or permit application for each specliic BMP.
The inspection will cover physical conditions, available water qualily storage capacity, and the
operational condition of key BMP elements but is not limited o these items. Noted deficlencies and
recommended corrective actions will be incudsed in an inspecticn report. If deficiencias are found
during the inspaciion, the owner of the BMP will be notified by the City of Auburn and will be
required to take all necaessary measures 1o correct such deficlencies. If the owner fails to correct the
deficiencies within the allowed time period, as specified in the notification lefter, the City of Aubum
will underiake the work and collect from the owner using llen rights if necessary,
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Section 162.008
Monitoring, Maintenance, and Repair of Storm Water Facilities

Monlioring Bequirements

The Ciy of Auburn may require monitoring of the discharge from a BMP if

.y (ich Discharges o the BMP have been dateciad;
{e3) kMaintenance problems have been noted; and/or

{C) Lomplainits have been received from City residen

Wonttoring required may mr’“é de the following:

(A} Rouline visual monitoring of dry weather flows;

=) Roufine visual monitoring of premises for spills or pollutan td%gﬁ%afgeg

(3 Aldog of m}m?m ing dates, patential polivlion sources m:::ée nove, and mitigation
messuras taken: andfor
j Laboratory analyses for pollulanis, i determined o be necessary.

7

)

{

Reguired moniionng may be discontinued after condBions reauiring monlioring no longer exist
and the City of Auburn has been provided written notice prior {o cessation. The required activity
may not cease if written notice 0 conlinue is issuad by the City of Aubum,

Mainienance Easoment

Prior to the issuance of any permit that has a BMP as ons of the requirements of the permil, the
appiicant or ovwner of the site must exscule 2 mahienance eagement agresment that sh:ﬁ De
bBinding on all subsecuent cwners of land served by the BMP, ";”;.a% soresment shail p avzdrﬁ frar
access o the BMP af reasonable times for periodie mpbczfﬁr v the Cliy of ;ﬁaumm or thajr
é@g“grates representalive, W ensure that the BMP 5 mal !Zaiﬁwﬁ i proper working mn{mm i
meel desion standards 'md any other provisions @gﬁi’} ished by this ordinance. The aasernant
agreement shall be recorded by the City of Auburn in the land records,

Maintenance Covenants

Malntenance of all storm waler BMPs shall be ensured through the creation of z formalmaintenance
covenant that must be approved by the City of Auburn ar*z«:j recorded into the land record prior o fing!
plan approval. As part of the covenant, & scheduls shall be developed for whan and how often

ma"“@“em'ﬁ“e wilh coour 10 ensure proper funcilon of the BAMP,

: want shall also include plans for pericdic inspections o ensure proper perionmance of the
B betwesen scheduled cleanouts, any and alt maintenance ezsements required {o access and

.
_ o
storm water BMPs, and to serform routine maintenance as necessary io ensure proper



1 Reading
2" Reading

The City of Aubum, in lieu of a maintenance covenant, may accept dedication of any existing or
future storm water BMP for maintenance, provided such BMP meets all the requirements of tnis
Ordinance and includes adeguate and perpetual access and sufficlent area, by easement or
otherwise, for ingpection and regular maintenance.

Inspection of Storm Water BMPs

Inspechion programs may be established on any reasonable basis, including but not limited to
routine inspections; random inspections,; inspections based upon complaints or other notice of
possible infractions of this Ordinance, All storm water management BMPs must undergo, at the
mirirurn, an annual inspection to document maintenance and repalr needs and ensure compliance
with the requirements of this Ordinance and accomplishment of its purposes.  Inspections may
include, but are not limited tor reviewing maintenance and repair records; sampling discharges,
surface water, groundwater, and materal or water in BMPs; and evalualing the condition of storm
water BEMPs.

Any maintenance needs found must be addrassed in a timely manner, as determinec by the City
of Aubum, and the inspection and maintenance requiremant may be increased as deemed
necessary to ensure proper functioning of the storm water BMP.

Right-of-Entry Tor inspection

When any new storm water BMP is instaliad on private properly, or when any new connection is
made hetween private property and a public storm sewer conveyance, sanitary sewsr or combined
sewer, the properly owner shall grant o the City of Auburn the right 1o enter the property at
reasonable timas and in g reasonabie manner for the purpose of inspection, This includes the nght
to enter a property when it has a reasonable basis to believe that an infraction of this ordinance is
peourting or has ogcurred, and fo enter when necessary for abalement of a public nulsance or
correction of an infraction of this ordinance.

Berards of Instalistion and Maintenance Activities

Parlies responsible for the operation and maintenance of storm water BMPs shall make records
of the installation and of alt maintenance and repairs, and shall retain the records foratizest 5
(five) years. These records shall be made available fo the City of Auburn during the Inspection of
the BMP and atf other reasonable fimes upon recusst

Failure to Maintain Practices

afier reasonable notcs, may correct 2 violation of the design standards or
eeds by performing all necessary work to place the BMP in properworking condition.

he avent that the siorm water BMP becomes a dangesr to public safety or public heaith, the City
Auburn shall notify the party responsible for maintenance of the siorm water BMP Inwriting. Upon

&
e e o

f
recaipt of that notice, the responsible parson shall have fourteen (14} days to conduct maintenance

nsible parly falls or refuses to meet the requirements of the maintenance covanant, the
b

25 g
of Aubum

g
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and repair of the BMP in an approved manner. After proper notice, the City of Auburn may assess
the owner(s) of the BMP for the cost of repair work and any penalties, and the costof the work shalt
he a lien on the property, or prorated against the beneficial users of the property, and may be placed
on the tax bill and collected as ordinary taxes by the county,

Pros 8ol 18
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Whenever vegetation is removed from land, the soil becomes exposed to the
erosive effects of wind and water. Althougherosionisa natural process, itcan be greatly
accelerated by man's action in disturbing the land’s surface.

Two major land-disturbing activities in Indiana are agricutture and urban develop-
ment. Both are very important to the economic well-being of all the citizens of the state.
Although the total tons of soil eroded is greater for agriculture, the amount of soil
eroded on a per-acre basis during urban development can he many {imes greater.

The building of residential subdivisions, shopping centers, industrial parks, schools,
recreational attractions, ete. significantly affects patterns and amounnts of stormwater
runoff during and after construction takes piace. Soil erosion not only causes on-site
darnage problems, but also can negatively impact water guality downstream through
sediment pollation,

This handbook provides contractors, builders, developers, governmental officials,
and others with gnidelines and specific practices for controfling soil erosion and the
non-point source pollution associated with the sediment in runoff, Adhering to these
guidelines and properly applying the appropriate practices will help minimize the
adverse impacts of development on the water and soil resources and, uitimately, the
cost of those impacts to society as a whole.

The handbook is divided into the following three sections plus appendices:

* Section 1 reproduces the state's new nitle (327 IAC 15-5% governing its cOnStnue-
tion gctivities permits program, administered by the Indiana Department of Environ-
mental Management. It applies (o construction sites with five acres or more of dis-
wirbed land.

* Saction 2 covers (a) ten principles that provide an pverall strategy for controlling
erosion and sedimentation in areas undergoing tand-disturbing activities; (b) basic
content of 20 erosion and sediment control plan; and (¢} development of a constructon
sequence schedule that utilizes the erosion/sediment control plan.

* Section 3 describes and shows various urban erosion and sediment conirol prac-
ents, installation, maintenance, and cOMmInon

tices, including their purpose, requiteme
concerns, The descriptions do not emphasize the engineering aspects, but rather how
eachpractice best "works with the landscape™ to control erosion and sedimentation. En-
gineering designs are usually site-specific and may be provided by a private enginesr-
ing firm, city engineering department, the 1ISTIA Soil Conservation Service, or other
source of experiise.
* The Appendices contain 2 glossary of COmmOn (e1MS, technical information on
various erosion conirol practices and materials, symbols for nse on eresion/sediment
control plan site maps, and a listing of Indiana’s 2 Soil & Water Conservation Districts.
Periodic review and update of this handbeook is planned. Ifyouwisho receive the

new and revised material as it becomes available, please fill out and return the vory-
t5, QUEsHons, 07 SUEEes-

colored form immediately inside the back cover. Any commen
tions concerning this handbook should be directed to!

Urban Conservation Program
Diivision of Seil Conservation
Indiana Department of Natural Resources

407 West Washington Street, Room W-263

Indianapolis, IN 46204-2748
Telephone (317) 233-3870 FAX (317) 233-3882
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Section 1 _

RULE &: Stormwater Runoff Asseciated with Construciion Activity

= Information about the Rule
> How to Comply with the Rule
> Copy of the Rule

Phase 1 of this Rule applied to all persons involved in construction activity {which includes
clearing, grading, and excavating} shat resulted in the disturbance of five (5) acres or more of

tand area.

Under Phase II of the program, this rule’s applicability requireraents were exiended 1o
construction activities disturbing one (1) or more acres of land area. The inclusion of a lower
disturbance threshold will further reduce the amount of sediment (a leading cause of
impairment in rivers and lakes) and other pollutants associated with construction site run-off,

Rule 5 is administered by the Indiana Drepartment of Environmental Management, Office of
Water Cuality in cooperation with the Tndizna Depariment of Natural Resources, Dhivision of
Soil Conservation and Indiana’s Boil and Water Conservation Districts.

£ For guestions regarding permil administration, filing a Notice of Intent, efc.
» Contact IDEM’s Rule 5 Coordinator at (317)233-1864.

< Tor questions regarding development of a Siormwater Pollution Prevention Plan, Plan
Review, Site Inspections, etc.
e  Contact the Soil and Water Conservation District (SWCDs are located in each County
in Indiana) or the Division of Soil Conservation of the DNR (317-233-3870).

Additional information on the Rule, Procedures, and Forms can be found on the following
websites:
> Indiana Department of Environmental Management:

Wt/ e dngov/idem/fwater/npdes/ &mi&sﬁwgiwﬁ@fﬂaﬁﬂfmieﬁ.hﬁ;mf%

e Indiana Department of natural Resources, Division of Soil Conservation:
Wit ffwww.in.gov/dnr/zoilcons/




Staving in compliance with Phase 1] - 327 IAC 15.5

Step 1+ Develop a Construction Plan, including the Storm Water Pollution Prevention Plan
{(Evaiuate the site, review the rule requirements, utilize the Indiana Handbook for Erosion
Control in Developing Areas (this manual will be re-named omd wpdated within the next year,
the new name will be the Indiong Storpwater Quality Manual and will include an updated
section on planning principles and post construction water quality practices)

Step 2: Submit the Construction Plan to the reviewing authority for review (The reviewing
authority hos up to 28 days from the date of submirtal 1o review the plan. If the project site
owner has not received notification that the plan is deficient within the 28-day review period,
the NOI Ietter may be submitted to IDEM. If notice of a deficieni plan is received, ihe plans

must be revised o sarisfy the deficiencies and resubmitted to the reviewing cuthority, of which
time the 28-day review period starts over}

Step 3: Receive Construction Plan approval from reviewing authornity (Modifications fo the
plan mey be reguesied by the reviewing authority before approval is granted)

Step 4: Submit Notice of Intent {NOT letter to IDEM a minimum of 48 howrs prior to
mitiation of land disturbing activities, A complete NOI letter submitial must include:

1. Proof of Publication _

2. Proof of Construction Plan approval, or expiration of the 28-day review penod from
the reviewing authority

3. $100 genersl permit filing fee

Step &: Begin construction activities (Construction activities may netf begin prior Io
Construction Plon approval end submitial of NOI letter. The project sile owner must aiso
notify IDEM end the reviewing authority of the actual start dote within 48 hours of starting
lond disturbing activities )

Step 6: Implement the approved Construction Plan throughout constraction {revise the plan
end make changes on the project site, as necessary, to prevent pollutanis, including sediment,
Jrom leaving the profect site. Communicate with the gwewmgfzmpfﬂfmg authority, especiclly
when significant changes are made.) :

Step F: Submit a Notice of Termination (NOT request [PDF]. The project site owner must:

1. Prepare a complete NOT, with all required supporiing documentation

2. Receive verification from the local reviewing avthority (SWCD or other entity
designated by IDEM) that the project meets the terminaiion reguirements as specified
in Rule 5.

Omnee wmmé by the local reviewing authority, submit the NOT form to IDEM for
final approval.

Lid



Gule 5, Storm Water Run-OF Associated with Construction Activity

32TIAC 15-5.1 Purpose
Authority: 10 13-14-8;3C 13.14.9; 10 1315021 JC 1315203 IC 13383

Affected: 10 315183 FU 13184
See, 1. The purpose of this ule is 1p esiablish requirements for storm waier diseharges from construction activities of one {13}

scre or more so that the public health, sxisting wator Uses, and aguatic biota are protected.

{Warer Polluiion Contral Board, 337 4C j5-5-1 filed Aug 31, 1992, 500 poo 16 IR 23 erraia, 18 IR 898 readopied filed

Jan 16 2001, 323 pos 24 IR 7318; fled Jot 27, 2003, 1 5am: 27 IRE33)

31T IAC 15-5-2 Applicabifity of yeneral permit rules
Aptherity: 30 13-14-8; 1T §13.14-9; 17 13-15-3-3; 1C 13-15-2-1; 13183

Afferted: 10 13-11-2; IC 13184 3434

Ser. 7, {2 The requirements under this rule apply to gl porsons whos
{1} do not oblais an indivicual NPDES permit under 327 1AC 15.2-6;

{23 meetl the general permit Tule applicabiiity reguirernents ander 327 1AC 15-2-%; and
(3} are involved construetion actvity, except operations that resuit in the land distarbance of less than one {1} acre
of tota] land arca as detormined undes eubsectinn (h) and are not parl of & lwrger common plan of development of

suie, -
{by } The requirements ander this rule de not apply 10 persons wWHo 78 involved
{1) griculiural land disturbing activities; of
(2} forest harvesting setivities.
{cy The requirements ynder this rule do not apply o the fotipwing activitizs,
prOViSIons reguiring irenediae implementation of soil erosion contrel Messes:
£13 Landfills thal have besn igmod @ ceriification of closure under 329 1AC 14
{7} Conl mining sctivities permitted under 1C 14-34.
£3} Municipal solid waste Landfilic that are accepling wasio pursuant 1o 4 penmit issaed by the deparnt
TAET 10 that contains sguivalent storm wate! yequiremenis, incioding the expansion of jandfill boundaries and
construction of new cells either within or mside the nriging! solid waste pormit boondary.

srovided other applicahie permits contain

ment under 328

{3 The project sife OWREF has the following respongibitities:
(h Compleie a sufficient notice of intent leiter
{7} Ensurs that 2 cyfficient construction plan 15 sompleted and sybmitied i sceordance with section 6 of this rale.
(33 Epmure sompliance with thiz rule during:
{A) the constuction activity; and -
(7} implementation of the construction plan.
{4y WMotify the department with n sufficient petice of termination foner.
(5} Ensare tha ail persons engaging in copstruction activities on 2 permitied project site comply with the appiicable
requirements of this rule and the approved constraciion e
{¢} For oil-site construction activities that provide services (for example, roRd enxctengions, sewer, water, and oiber utilifies)
1o & permitied project site these offsite actvity areas must he considered a part of the permitied project site when the
activity is under the control of the project sile owner
{1y For an individoal tot where Jand disturbance is expecied 1o be one {1 acre or mere and the it Hes within a project siie
nermitted under this rute, the individusl lof owner shall
{1} complete his or her oWh notice of inlent lefter and
1] an is completed and submitted in arcordance with section & of this rule.

i
i
e e

{7y ensore hat & suil cient construction pl
{gyFor an trtividual Int where the Tand disturbence is legs then one { 1) acre and the of lies within & profect sitg permitied

spder this rule, the individual iot operator shall be @ acenrdance with the follew:
(11 Comply with:
{A) the provisicns and requirements of the plu
(B} section 7.5 of this nile.
(2 Dogs not need 0 submit a notice of intent jetter and construction plans,

[ e
1R

1 developad by the project site ownel znd



{h) Mukii-lot project sites are regudated by this ruls in accordance with the following:
{13 A determination of the sres of land disnrbance shall be calculsted by adding the iofal ares of land disturbance &t

improvements, such as roads, ntilites, or common areas, and the expecied sl disturbance on each individual lot,

as deterained by the following:
(A} For 2 single-family residential project site where the lots ars one-half (3.5}
land disturbance must be used as the expected lot disturbance.
(B For 2 single-family residential project gite whers the Jots ars fess than one-hall (8.5} acre in size, the total iot
must be calenlated as being disarbed.
(03 To caleulate Jot disturbance on all ether fvpes of project sites, such as indusirial and commercial project sites,
the following apply:
{1) Where lots are one {1} scre or greater in size, a minimum of one {1) acre of land disturbance must be
catculaied as the expested Iot disturbarice.
(i1} Where the fots are losy than one {1) sore in size, the total lot must be calcolnted as being

e or mors, one-hat (0.5) acre of

tefurbed.

{2} For purposes of this wule, strip developments:
{A} are considered as one (1) projsct site; and
(%Y must comply with this rule; uniess the woial combined disturbance on gl individual Jots is foss than one (1)
acrz and is not part of a larger commmnon plan of development or sale. '

{1y Submirtal of 2 notice of fmtent and constraction plans is net regquived for construction activities assooiated with single-
famnily residernial dwelling disnrhing less than five {5} pores when the dwelling is not part of a larger conmmon pi"m of
development or sale. Provisions in section (b} {1} through 70} (5), Wb (10} through 7(b) {17}, 7B} {19} and 7{by
(207 of this rule shall be complicd with throughout construction activities and umsll the aress ere penmanently
stabilized.

{}} The deparvment may waive the permit requirernents under this rule for constraction activiges that disturb less than five

{5} acres where the walver applicant deiermined by the commissioner certifies that!

{1} 2 wolal maxirmum daily boad (TMIDL) for the poliutants of concern from storm water discharges associated with
construction activity indicates that controls an construction site discharges are not needed 1o protect water guatity,
or

{2} in yeceiving waters thet de not require 8 TRMDL study, an equivalent analysis demonstrates water quality &2 not
threstened by storm water discharges, and i1 hes beep determined that allocations for the pollutanis of concermn
from the constroction site dischargss are not needed 1o protect water quality based on consideration of existing in

swrearn concentrations, expected growth in polhnant sopributions from sl sources, and & margin of safety.

{Warer Polfution Congrol Board; 327 140 15- u2 f Hed dug 31, 1982, 5:00 p we s 16 IR 23 readopted filed Jom 10 2007, 3:23

pr 24 IR T5E8; filed Oy 27, 2003, 10015 am - 17 IR 833)



597 IAC 15.5-3  General permit rale boundary
Authority: 1O 13-14-8; 10 13-14-9; 3C 13-15-1-2: 30 12.15-2.4; IC 13-18-3

Affected: 1013132 30 334384

Ser. 1. This general permit covers 281 Iznds within Indiana. (Watsr Pollion Control Board, 3TIAC §5-5-3; filed Aug 31, 1992,

00 pre 16 IR 23 readopted filed Jan 10, 2001, 323 pan 24 IR 1518; Sled act 27, 2003, 1O 15 ams 27 IR 834}

L4

337 1AL 15-8-4  DeBaitions
Authority: 10 13.34-8; IO 13340 I 131501 B0 1338t 3 13183

Afiected:  HOI3-11-25 10 1432 1T 454
Qer. 4, Fn addition to the definitions contained i 10 13.11-2, 327 1AC L 327 IAC &, and 327 AL 145.1-2, the fbllowing
definitions apply throughout this o

{13 “Agricuiural conservation prectives” MCRDS practices that are consructed on agricutmral tand for the purposes of
controlling seil ernsion and sedimentation.  These prachices melude grass wWaltrways, sediment basing, IEFACes,
amel grade siabilization structires.

(2) “Agricuirural fand disrurbing activity”
production of agriculuyal or nursery vepgeiatt
cstablishment, the construction of agriculiural copservation pracices,
agriculiural drainage tile. For purpeses of this rule, the term docs Bot inclade
constraction of agricultural relnted facilities, such s
(A3 barms
{7y huildings 1o house Hvestock;

{7y roads associated with infrastrucnue;

{0y agricnliural waste lagoons and facilities;
{8} lakes and ponds

(Fy wethands; and

{3} other afrastruchs.

£3) "Commissioner” refers to the commissioner of the department.

{43 "Construction activity” means land disturbing activities and lemd digturbing activiiies sasociated with the
consraction of nfrastructore and stuchures. “Thiz term does not inchide routing ditch or rond maintenance of

means tillags, planting. cultivarion, or harvesting operalions for the
ve crops. The term also inciudes pasturs renevation and
snd the instalistion and maintenance of

tand disworbing activities for the

minor landscaping projects.

(5) "Congwuction plan” roeans a represeniation of 4
includes the location of the praject sHe, b
implementation, and ofier pertinen information
plan is & part of the construction plan.

(63 "Construction site atcess” MEANS 2 stabilized stone su
purpose of capluring and detaining sediment carricd by tires of vehic

project site and all artivities associaled with the project. The plan
ldings and other infrasruciure, grading aciivities, schedules for

relzted to the project sio. A SIOTE WHIED poliution prevention

riace at all points of ngross of SRIEsEIG 2 protect site for the
tes of ather equipment entoring of exiting the

project sies
{73y "Conractor” or erhenntractor” means oy ndividoal or company hi
iorm sepvices on the project site.

sert by the projfect site of individual fot owner,

their agent, or the individual Jot operetor 1o pe
(%) "Drepargment” refers 1o the depariment of environmental managensnt.

{9y “Developer” means:
¢A) any person financially responsible Tor construction activiny; of
(1Y an owner of prepenty whe selis ay leases, or offers for saie o7 lease, any lolsin g subdivision.

(10} "DNE-DSCT means 1he division of s0il conservation of the department of natural resources.

{11 "Drosion” means the deiachment and movement of soil, sediment, oF rock fragments by water, wind, ice, or

2rEvity.

{12} "Ernsion and sediment control measure’ means & SYactics, OF & combination of gractices, 1o conirol evoston and

resulting sedimemation.

{13) “Brosion and sediment controd sysiem” means the use of appropriaie erosion and sediment control measures 10
minimize sedimentaifon by frat reducing o sliminaning eroaion at the source and then, 28 DUCCSSETY. rapping
sedirnent fo prevent it from being discharged from or within a proiect.

{14} “Fingl stahilization™ means the sstablishment of pormancmt vegetative cover of the appiication of 3 pernanent

41t Tand distusbing activities have been completed and no additiopal land

noperosive material o arsas whers
disturbing activities are planned under e current permil.
the land surface o o desired slop

Gous surface” means surfaces, such &5 pavement and rooftops, that provent the infiltration of stomy water

“orading” means the cutting and filling of

& =3
¥

E

i
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inte the soil
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{17} "Individual building Jot* mesns » single parcel of land within a molit-parced development.
{EE\ “Individeal lot é)p""l‘:i‘iﬂ? rmeans a comtractor or subconiractor worling on an individual lot

{15 *Individuai lot owner" means a person who hes finencial control of construction acivities for an fadividual Iot
e, including removing vegeiative cover

{20 "Land disturbing sctivity” means any manmade change of the fand surface,
that exposss the onderiying soll, excavating, filling, transporting, and grading.

{71y "Larper common nlan of development or sale” means 2 plan, underiaken by a single project she owner of a group

3 4 piagn, ! EFIEE

of project site owners acting in concert, 10 offer Tots for sale or lease; where such land is comiguous, or is known,
i b3 2 ¥ H
guch land shell be presumed as

designated, purchased or advertised as 2 comwnon unit or by & common name,
being offered for sale or lease as part of & larger common plan. The ferm also includes phased or other

construction activity by a single entity for its own use,
(77 “Measursbie storm event” means » precipifation event that results in a total measured precipitation accumulation

egual to, or grester than, one-half (0.5} inch of rainfall

{23} "MiS4 ares”™ means 5 land aree comprising one {1} or more places that receives coverage pnder one { 1) NPDES
storm water peridi regalnted by 327 1AC 15413 or 327 IAC 5-4-6(a)(4) and 32T 1AL 32805}

{24 "MS4 operator” means the person responsible for development, impiﬁ:mmzaﬂm, or enforcement of the mintmem
control measures for a desipnated MS4 ares repuloted under 327180 1515

{25} "Municipal separate storms sewer systerm” or "ME4" has the seme meaning s¢f f&i“‘%* at 327 1AC 15

(26} “Peak dischargs’ means the maximum rae of flow during # stovp, wenally i reference o o specific

{f?_‘}.
csign storm

event.
{77y “Permanent stabilization”™ means the estabBshment, at 2 uniform density of seventy percent (70%6) atross the

£27
dgisturbed aver, of vegeintive cover or pernanent nonerosive matorial that will ensurs the resistance of the soil o

erosion, shiding, or other movement.
{78y “Fhasing of construction” means sequemisl develvpment of smaller portions of & large project site, stabil

§zin
sach portion befors beginning land distorbance on subsequent pordens, o minimize cuposure of disturbed lan

ED,.C‘":}

t ETOHRIN.

(29 “Project site” means the entire ares on which construction activity 15 to be performed.

{36y “prodect siie owner” mesns the person reguired to submit the NOT letter under this anticle and required 1o comply
with the ferms of this reie, mcluding either of the following:
{A} A developer.
{8} A person who has financial and operationsl

specifications, including the abillty 1o make modifications 1o mc}fsﬂ plans and specifications.

(313 “Sediment”™ means solid material (hoth minerat and crgame) that is in sucpension, Is being ransported, oF has baen
moved from its site of origin by air, water, gravity, or ioe and im; come 1o rest on the earth’s surface.

(321 “Sedimentation” means the sertiing and acowmuletion of onconsolidated sediment carded by storm water run-oit.

contrel of construction activities and project plans am

{333 “Soil” means the unconsolidated mineral and organic mawrial on the surface of the carth that serves a3 the natural
medium for the growil of plans,

{341 “Zoil and Water Couservation District” or "SWCD” means a politica

£34) “Storm water pollution prevention plan” meens 2 plan developed to mindmnizs the impact of storm water poliutan

I subdivision established under IC 14-32,

resudting from constraction activities.

{35} “Swrme water guality messwre” means g practics,
associsted with storm water run-offl

17} “Birip development” means & multi-ol project where building iots fron on an existing road.

r 5 combination of practices o control or mimimize poliutants

v j
{35} “Subdivision” means any fand that is divided or proposed 1o be divided into lots, whether contiguons or subject 1o
wosale.

roning requirements, for the purpose of sale or Tense a5 part of & Jarger commmon plan of development ¢

(39 “Temporary stabifization” means the rovering of sofl to enswe His resistance o erosion, shiding, or other
oy

movement.  The feem inclodes vegelative cover, anchored mulch, or other noncrosive material pplied 21 @

unionm density of seventy prroent {70%) across the disturbed area,
£40% “Tracking” means the deposition of soil that is wensported from ene {1} location to another by fires,
vehicles, or other cquipment,
{41} “Trained ndividual” means an individual who is wained and sxperienced in the pri
be demonstrated by siate repsstration, professional certifics

fndividual o make judgments regarding storm w

i
o
=
o
s
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soiplas of storm water qu

including erosion and sediment control as may
experience, of commplotion of coursewark that enable the
control or reatment and monttoring,

(Weater Pollwtion Contrel Boord; 327 14
¥ 37 IR &34, iff}‘{}uuuffst’é

B {v ,;;g ’f Ef:'éf ff’x(’ »; B9
o 24 IR I3IE filed Qe 27, 2003, 70 1
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337 1AC 1555 Notiee of intent lefter requirements

Authority:

1C 13-14-8; 10 13-25-3.3; 3O 15150 Hi3-183; IO 33584

Affected: IO 131235 10 13.18-1

Zec. 5. (a) The fullowing information must be sibmined by the project siE WOE

(1)
2

{3)

103 As applicable, 2 st of all MG4 areas designated under 327 1AC
{11} A writien certification by the operator {hat!

(12} The name of receiving waler of, i the dischargs is to a pmicipa

{13} The NO1 ltester must be signed by & person meeting the
{14} A notification from the SWOTL DRE-DSC, or ot

r with = complete NOT letier under this ruler

Name, mailing address, and location of the project site for which the notification is submitted.
The project siie OWRED'S DAME, address, telephons aumber, e-mail address (if available), ownership siates as
federal, state, public, private, of other entity.

Contact person (if different than project site cwner), person’s FAIE,

syailable), and telephone number.

A brief deseription of the construction project, ncluding 2 stafoment of the otal acreage of the project site, Total
soreage chaimed in the WO letier shatl be consisient with the acreage covered in the constroction plan.

Catimaied dates for initiaton and sompletion of congtyuction setivities, Within forty-sipht (48} hours of the
initiaion of construction activiiy, the project site owner must potfy he commissioner and the appropriate plan
reviewing ageney of the soiual project siart daie.

The Intiopde and longitude of the approximate conter of the project site 1o the nearest fifteen {15} seconds, and the
nearest guarter section, township, range, and civil ownship in which the projeet site iz ooated.

Total impervious surface area, in sQUare feet, of the final project site ineluding structures, roads, prrking fots, and

ather similar improvernents.

The rumber of acres 1o be involvad in the construction aCiivites.

Proof of publication in & newspape? of genersl circolation in e sffeciod prea that notified the public that a
consiruction activity is to commence, that stales, P Company REms, address) i submining an NOT lefter o nastify
the Indiana Depariment of Envivonmental Wanagement of pur intent 1o comply with the requirements wnder 327

TAL 15.5 1o discharpe siorm water from construction activities for the following project: {narme of the
£ from the project site will

constroction projecs, addeass of the \ocation of the construction project). Run-o

diseharge to {streamis) receiving the discharpe{sl”
§5-179 within which the project sie lies.

= sonstruction plan comply with the roguirements under

{ A} the storm water guality measures inchuded in th
ention plap comphizs with all

sections 6.5, 7, and 7.5 of this rule and that the Slomm waier pollution prey

applicable federal, state, and foral storms waler requirements;
13y the measures required by seetion + of thizs rale will be smmlemented in accordance
{55 f

polition prevention plan;

() H e projected land dismrbance is one {17 sere or more, the applicable seil and water conservaiion disirict or
other entity designated by the department las been sent a copy of the Construclion plan for review:

{13} storm water guality muasures bevond those specified in the stonm water pollution prevention plan wili be
implemented during the lie of the permit if nocessury o comply with section 7 of thig rule: and

{E3 implomentation of storm water quality measures will be mspeated by trabeed tndividuals,
| separate SIOFM SEWET, e NAME ofthe

with the siornm water

the stormn sewer and the pidmeie rECCIVIng Waler.
sipnatory requirements 327 1AL 15-4-3(p).

her entity designated by the deparmment as the reviewing zgency
indicating that the constractions plans are cufhcient fo comply with this role. This requirement may be walved iF
not received notification from the reviewing agenoy within the rime frame specified in

municipal operator of

the project site owner has
377 1AD 15-5-60033)

{1} Send NOT letters fo:

(Water Pofiugion C ontrol Boar
FEIR 65 rendapied flled Jan 10, 2001, 323pm 24 IR 150

Attention: Rule § Storm Water Coordinator

indiana Deparment of Frviropmental Management
Office of Water Duality, Urban Wet Weather Section
1060 North Senate Avenue

v.0, Box 603

indignapotis, Indimna 46206-601

=
S

& 327 IAC [5-5.5,; filad Augp 31, (952 5:00 pom JEIR 24) errate filed Sep 10, 1992, 12:00 poms
J528; filed Cor 27, 2003, 10 J5am: 27 IR 836)



327 AL 15-5-6 Sabmitte] of an NG lefter and construction plans
Avthority: 10 13-14-8; BC 13-358-1-2; FOC 13-35-0; 10 15080 MO 1 3-184
Affected: IO 13-32-3-3; IC 13-18-1

Seg, 4. {8 Afier the project site pwner has received notification from the reviewing agency that the construction plans meet the
requirements of the rule or the review period outlined In soheection (B)(3) has expired. all NO I letter Information
required ander section 5 of this rule shall be submitied to the commissioner at least forty-elght (48} howrs prior 1o the
initiation of land dismrbing aciivities at the sitz. A copy of the completed NOT letter must aiso be submitted to 8l
YWDk, or other entity designated by the depariment, where the land dismwrbing sctivities are o ocour. If the NOI
letier is determined to be deficient, the project site owner must address the deficient ftems and subrmit an amended
MO lenter to the commissioner at the addvess spesified in section 5 of this rale.

{h For a project site where the proposed land disnubance 15 one (1) acre or more a5 deiormined under section 2 of this
rithe, the following reguirements must be mel:
{1} A comsiroction plan must be submitted sccording to the fullowing:
{A% Prior to the indtistion of any land diskwrbing activities,
(1) Sent 10 the sppropriste SWCTS or other entty designated by the department for:
{1} review and verification that the plan mests the reavirements of the ule; or
{if} a single coondinated review in accordance with subsection (&) (33 i1
{AA) the construction activity will ooour in more than ene (1) SWCD; end
{81 the project site comer has murde & request for 2 single coordinated roview.
{2y If the construction plan requived by subdivision (13 is derermined to be deficient, the SWUD, DNR-DGC, or other
entity designated by the department as the reviewing agensy may requive modifications, terms, and conditions a3
necessary (o mmeet the requirernents of the role. The initation of construction activity following netification by the
reviewing agency that the plan does not meet the reguirements of the rule is a violation and subject w enforcement
action. } notification of & deficient pian is received afler the review penod vutlined i subedivision {3 and
foHowing commencerent of construction antivities, the plans must be modified 1o meet the requirements of the
rusie and resubmined within fourteen (14} davs of receipt of the notification of deficient plans.
(3} If the profect site owaer does pot receive notification within reenty-cight (28} days afier the plan is recetved by the
reviewing agency Staving that the reviewing agency finds the plan is deficlent, the project site owner may submit
the N letter information.

{c) The following apply for 2 prodect were construction acivity ooours inside » single MB4 area regulated under 327 1AC
1513
{13 A copy of the completed WO letter must be submitted to the appropriste M54 oporators.
£23 The project site owner must comply with al! appropeiate ordinances and rﬂwhiéwg withi the M54 area refated 1o
storm water discharges. The MS4 operator ordinance as required by 327 JAC 15-13-15(by and 32 EA 1513
16(k) wiil be considersd to have the same authority as this rols within the regulated ME4 area.
{d) For a project that will pecur in mers than one (1) jurisdiction, suc 21 25 an SWOD or reguliated ME4 ares, the foliowing

must be met:
{1} Project site owners of project sites ooourring in madtiple WS4 arcas, but ot in
the information required in subsection (o) to each appropriate M4 operaton
23 Project site owners of profect sites occurring in one {1} or more MS34 aress and nondesignatac
in subsections () threugh { ¢ ) 1o all appropriste ME4 operators, and the SWCD o other

nondesignsed areas, shall submit

i submi

[/ICAET 5

the information reouirsd 1
entity designated by the depastrnent.
3 Prosject site ownears of project sites cecorring in multiple nondesignated arcas, but not oceurring within an MB4
aren, WAy request a single coordinated review through the DINR-DEC offfce at the following address:

P
Tk
S

402 West Washington Street
Hoom W265
Indiananoiis, Indians 46204

i

Upon scceptance of the reguest, the DINR-DSC will coordinate the plan review with appropriate SWODs and other
E 7 b I3 13 by

entitios designated by the department.

(Waier Pollution Control Roard; 327 JAC 15.5-6 filed Aup 31, 1992, 500000 F0IR24; reudopied filed Jar 10, 2001, 323
((*
gty 24 IR 1518 filed pot 27, 2003, 30; 15 aom; 2/ Ficdss 7’ erratg filed Feb 4, 2004, 1 45 poo; 27 IR1284)

»




337 [AC 15-5-6.5 Requirements for copstraciion plans
Authority: 1C 13-14.8; 1C 13-15-3-23 IO 13-15.0; 10 13-18-3; 1C 13184

Affected: 10 13-12-3-1; 3 13-18.1

Sac. 6.5. fn) For project sites thet de not meet the eriteria in subsection {b), the proiect sife oWRET shall develop & set of
construction plans. Storn water gualify easires inciuded in the plan must achieve the minimum project site

requirements specified in coction 7 of this rule, The conswuction pians must include the following:

{1} Project narrative and sapporing GOCHITETES, tncheding the fotlowing information:
(A) An index indicating the jocation, in the conmrustion plans, of all information require

{12) Description of the nature and pUrpose of the project.

{Cy Legat descripsion of the praject site. The description should be to the nearest guanes section, wwaship, and
range, and include the oivil township,

(D) Soil propertics, characteristics, Hmitations, and hazards sesociater with the project site and the mEasuTes

that will b integrated into the project 10 oVercome oF mindmize adverse soil condifions.
{F} CGeneral construction sequence of how the project site will be built, including phases of constrnction.
es Geological Survey (USGS:

{F) Hydrologic Unit Code (14 Trigit) aveilable from the Urnsited Sta
(G} A reduced plat or project site map showing the fof numbers, Lot weundaries, and road layout and names. The
raduoed mep must be legible and snbmitted on a sheet or sheets no larger shan eleven {11) inches by
seventoan {17} inches for all phases or sections of the project sie.
(1 Identification of arsy other state of federat water guality periniys that ars
aseoriated with the owner's project site.
{7y Vicinity map depiciing the project site Iocation in refationsh
mzior roads, such as 8 1ISGS wpopraphic guadrangle map O ouNTy o munich
£3) An existing projoct site Tavont that must include the following information:
{A) Location and name of ail wetlands, lakes, and water COUTSES 0N OF adiacent to the project 5ite,
{B) Location of all existing struciores on the project site.
{7y Ome hundred (1060} year fiondpiaing, floodway finges, and floodways. Please note i mone exisis.
{53} Soil map of the predominant soil ©pes, a3 determined by the United States Depariment of Agriculture
(LISErA), Matural Resources Canservation Service {NRCE) Sgil Survey, or an equivalent publication, or a3
st be inchded with the soil map.

55, weeds, brush, and rees, on the project site

4 by this subsgction.

required for constraction actviies

in to recognizable local andmarks, Wwwns, and
pal road map.

- determingd by a soil scientist, A soil legend m
(E} ldertification snd delineation of vegetntive cover, such &5 212
(Fy Land nse of all adjacent prOperiies.
{63} Existing topography at & COBORY interval ap
£4) Final project site ayout, chuding the following information:
{43 Location of all proposed site improvements, inciuding roads, viil

propriste to indicale drainage patterms.

itien, lot delineation and identification,

propused structures, aidd CornInROn BIEAS.
{8 Ome hundred (3100} year flondplaing, foodway fringes, and foodways,
() Proposed fmal opography at 8 contour mterval appropriate indicate drainage paiarns.
A grading plen, mcluding e fnhlipwing information:
{A} Delineation of all propossd tand disvasbing activities, including off-site activities that will provide service
o the project site.

{8} Location of all soil stockpiles amd bormow arcas.
{Cy Information regarding any off-site borrow, siockpil
and under the control of ihe project it owner.

{13 Existing and proposed wpographic information.
{6y A drainage plan, inclnding the following information:
{A) An estimate of the penke discharge, based oo the ten (10} year stonm v
preconstruction and rosteonstrnetion conditions.
(R Location, size, an dimensions of all storm water drainage Sysiems, cuch a5 culverts, storm sewers, and

Plenge note i none exisis,

P
LA
e

)

=, or disposal arcas that are associated with a project site
=nt, of the project site for both

comveyance channels.
warged nto gresand wate such as ahandoned wells or

(73 Locations where storm waler may he directly disch

sinkholes, Piease note H none exists.

water discharge will [cave the project site.

(853

is 1o g soparste municipal sioTn SEWE, igentify the name of

(I3 Locations of specific poinis whirs SO

g waters

{EY Namg of alf reegivin
N E

1
the runicipal opermor and the ulgmate FoCSivIng walsr.

tion facilities, includin

3

(8} Location, size, and Hrmensions of

> pUrpOSE Of SLOTm WELET [ans




{7y A storm water pollution prevention plan sssociated with construction activities. The plan must be designed i, ar
leagl, mest the regoirements of sections 7 and 7.5 of this rule and must include the following:
{A) Location, dimensions, detailed specifications, and construction details of all termporary and permanent

siorm water quality measures.

{B) Temporary stabilization plans and ssguence of implementation.

{7} Permanent stebilization plans and sequence of implementation,

{13y Teraporary and permenent stabilization plans shall include the following:

{i} Specifications and application rates for soil amendments and seed mixiures.
{if} The type and applivation rete for anchored mulch,

{E} Construction seguence describipy the refationship between implementation of storm water quality messores
andd siages of consruchion ackiviies,

(Fy Selfmonitoring program Including plan and procedures.

G} A description of potential pollutant sources associated with the construction activiies. ther may reasonably
be expected 1o add a significent ameunt of poliotansts to storm water discherges.

(1) Material handling and storage associated with construciion activity shall meet the spilf preventon and spill
response requirements in 337 a0 2-6.1.

{8) The postconstruction swrm water pollation preverntion plan. The plan must include the followmg information:

(A3 A description of potential pollwent spurces from the proposed land use, that may ressonably be expected io
add a significent amount of pollmants w storm water discharges.

(B} Location, dimensions, detziled specifications, and constructon details of afl postconstruction storm waler
guality measares.

() A description of measures that will be installed fo control pollutants in storm water discharges that will
seeur afier construciion activities have been compleied. Such practices inchode infiliration of run-off, flow
recduction by use of open vegetated swales and natural depressions, buffer strip and riparian zone
preservation, filer sidp creation, minimization of land disturbmnes and surface imperviousness,
maximization of open space, and worm water retention and detertion ponds.

{13 A sequence describing when cach posteonstruction sterm waier quality measure will be matalled.

¢E) Storm water gquality measures that will remove or minimize polhuants from storm water run-off.

(F} Storen water guality measures that will be implemented 1o prevent or minimize adverse impacts to Stream
and riparian habitat,

{033 A nareative deseription of the maintenance guidelines for all postconstraction stoym water guality measures
10 facilisate their proper long term function, This narrative description shall be roade available tv future
parties who will assume responsibitity for the operation and maintenance of the posiconstuction Siorm
witer gquahity measuyss.

() For a single-farnily residential development consisting of four {4) or fewer lots or 2 single-Tamily residential strip
development where the developer offers for sale o7 lease without land improvements, and ihe project 15 nct part of &
targer common plan of development or sale, the project site owner shall develop a set of construction plans conaining
storm water guality measwres that achieve the minimum project site reguirements speciiisd in section 7 of ihis rule.

following lnformation:

The consguction plan must include the following:
v ik
ye nans, of &l required lemy in this subsection,

{13 Project narrative and suppordng documents, including the
(A} An index indicating the location, in the consiruction
{8 Deseription of the nature and pwpose of the project.
£y Legal description of the project site, The descripnion should be to the nesrest quarter section, township, wnd
range, and include the civil wwaship.

{19 Soi properties, characterisiies, Himitations, and hazards assosiated wiih the project site and the measures that
will be integrated into e project to overcome or minhmize adverse soif conditions.

{5} Hydrologic Unit Code {14 Digit) availeble from the United States Geologleal Survey (USGS].

(F) Memifiomion of any other state or federal permits that are required for construction activities associated with
the projfect site owner's project sHe.

{23 Vicinity map depicting the projee! site Iocation in relationship to rocognizable local landmarks, towns, and major

roads, such as a LISGE topographic quadrangle map or county or municipal road map.



(1} A project site lavout that roust inclode the following information:
{AY Location end name of all wetlands, lakes, and waler COUFses 00 OF adiacent to the project sie
{83 Location of all existing $ruchoss 08 the project site (if applicable}
07 One hundred {300} year floodplaing, foadwey fringes, and fnodways, Please note if none gwists.
{1y Soil map of the predominent soil types, 23 determined by the United States Department of Agriculture

{1174, Natural Resources Comservation Servics (NRCS) Soil Survey, or ait squivalent publication, or a3
epend must be inciuded with the soil map.

determined by o solf scientist, A soli ]
{F} Identitication and gelincation of vegeimtive cover, uch 2s grass, weeds, brosh, and mees, on the project site.

{Fy Land use of all adjacent properties.

{33 Existing and proposed topepraplly at 3 CORLD

(H) Lecation of all propesed sie improvements, ineluding sords,
proposed strEeiures.

{4} A storn water pollution provention plan assoeiated with construction activides. The plan must be designed to, at

fenst, mest the FEqUIremEents of sections 7 and 7.5 of thiz rule and must inciude the fbllowing:

{AY Detineation of all propesed and diswrbing activities, including off-site sotivities that will provide services io
the project site.

(12} Location of 2l sodl stockpiles and borrow arcas.

{} Location, size, and dimensions of all \orm water drainege 5y

sy interva) apprapriate fo mdicale drainage patlerns.
wtitities, tot detineation and igentification, and

sterns, such ag culvens, stoyn SCWars, s

conveyance channeis,
{17} Locations whers Storm w/alcr may we directly discharged into greasmd water, such a8 abandoned welis or

sinkholes, Plesse note if nove exist.
{Ey Locations of specific points wherg storm water discharpe will leave the orofect site,
{7} Wame of all recewving waiers. Ifthe dischargs 15 10 8 52Darais mumicipal storm sewer, §
sunicipal operator and the ulthmate receiving walef.
({3} Location, dimensions, detaiicd specifications, and cons
water guality measures.
(1} Terporary stabilizaton plans and sequence of impl
{1 Temporary and permancst stnbilization plans shall nclude the {ollowing:
(i Specifications ant application rates for soil amendments and seed mbures.
£ity The type and application rate for anchored rmulc
o (h Selfmonioring program plan and procedures.
{c) The SWCTr or the DHR-DSC representative of other designated entity may upon finding reasonable cause Tequire
- medification 1o the construction plan i it iz determined that chinges are neCCssary due to site conditions or project
design changes, Revised plans, i requested, must be submmitted fo the appropriate entity within tWenRty-Gns {21}

calendar days of a roguest for a modification.

dentify the name of the
traction details of alf temporary and permanent  S10TE

ementation of storm water guality REASUIES.

(Water Pollution Control Board 327 JAC 15-5-6.5; filed Qv 27, 2003, 100 15 aoms 27 1R 838; errota filed Feb 4, 2004, 43

pam.: 27 IR 7284)

337 1AL 15-5-7 General requirements for storm water guakity contral
Anthorityr 10 13-14.8; IO 1A i85t BO 13150 JO 13-18-3; D O13-1H-4

Affected: 10 $3-E2-3-1; (€ 13181

Sec. 7. {zy All storm water quality messures and erosion and sediment controls netessary o comply with this rule must be

implemented in accordance with the COBSERCTON P
{1} A project SHE DWHET shall, at least, meet the following requirernenis:

{13} Bediment-1aden water which otherwise would flow from the prodect site shall be treated by
control measures appropriste o minimize sedimeniaiion.

{24 Appropriste mensurss shail be unplemented to minimize of ehiminate wastes or upused bulidmg materials,
including garbage, debris, closning wasies, wastewsier, conerete truck washout, and sther substances from
cprried from a project sie by run-off o7 wind. Identification of areas where ConCTeEle fruck washout is permissibie
st be clearly posted a1 appropriate 27TRs of the site. Wastes and vnused building materials shall be managed and
disposed of in accordancs with all applicable statuees and regulations.

{1} A stable construction $ie aoCess shall be provided at all points of construction traffic ingress and egressio the

Yar and sufficient to satisfy subsection (b},

srosion and sediment

haing

{4} Public or private roadvays shall be kept cleared of acoumilated s king.
ng the arga with water, Cizared sediment shall be redistribute

project sie.
cediment that {s a result of run-off or trac
$34 13

407

(25

Bulk clearing of sediment shall not include fin

disposed of in & manner that is in sccordance with all applicable stanmes and regulations.



157 Storm water rup-ofF leaving & project site must be discheoped in o mmnner the is consistent with appheable state or

federal Inw.
{6} The project site awner shall post a notice nesr the main entrance of the project site. For linear project sites, such &
2 pipelineg or highway, the notice must be placed In a publicly accessible location near the project field office. The

noiice must he maidniained In s legibls condition and contain the following information:

(A) Copy of the completed NOT letier and the NFDES permit number, whers apphicable.

{8} Mame, company nams, ts?ephsm noriber, eemail address (i available), and address of the project site

wner or o local contact perso
{CY Location of the constrastion g:a?&f: if the project site does ot have an on-site location o store the plan.

(7% This permit znd posting of the notive wnder subdivision {6} doss not provide the public with aay right t{a ‘im‘;g; a5
1t the wroiect she owner slfow members of the public acee

on & project site Tor any reason, nor does i require that the
i the profect sie,

{8 The storm water pollution prevention plan shall serve as a guldeline for storm water quality, but should not be
iterpreted to be the only basis for implementation of stonm wawer quality measures for a project site. The project
site ewner fs responsible for implementing, in accordance with this ruls, 2l measures necessary to adequately
prevent polluted storm water ran-off

{9} The project site owner shall inform abl general contraciors
contractors, wility contractors, and the conyaciors that heve primary oversight on individusl buildmg Jots of the
terms and conditions of this rule and the conditions and standards of the storm waler pollution preveniion plan and

, construction management firms, grading or excavaiing

the schedule for proposed implementation,
{14} Phasing of constl] Ietion activities shall be used, where possible, to minimize disturbansce of targe preas.
{11} Appropriste measures shell be planned and installed as pant of an erosion snd sediment control syster,
{12 All storm water guality measures must be desipned and installed vnder the guitdance of & trained individual.
£13) Collectad run-off Jeaving a project site must be elther discharged directly fnto 5 well-defined, suble recetving
channel or diffesed and refeased 1o adjacent property without causing an erosion or pollutant problem to the
adiacent property owner.

{14} Drainage channels and swales must be designed and sdequately protected so that theiy final pradients asd
resultant velocities will net canse erosion in the receiving channel or at the cutlet.

(13} Natural features, inciuding wetlands and sinkholes, shall be protected from peilutants
run- off.

{16} Unvepstated aress that are scheduled or Hkely to be lefi inaciive for fifteen {15) days or more must be
temporarily or permenently stabilized with messures appropriate for the scason 10 Minimize eToSion potential.
Alternative messures io site sisbilization are accepiable if the project siie owner or their represeniative can

demnonsizate they have implersenied evosion and sediment control measures adeguaie to prevent sediment

s than seventy percent {70%; shall be restabilized using

associsted with siorm water

discharge. Vegeiatod aress with a densivy of les
appropriete methods (o minimize the srosion potential,
{37 During the perind of construction activities, all storm water guallty measwres necossary 1o et (he requirernants
of this rule shall be mainiained i working ortder,
{18} A self-monitoring program that inciudes the following must be implemented:
(A} A wained individoal shall perform a weitten evaluation of the profest sife:
£y by the end of the next business day following each measerable storm event; and
{ify at a minimum of one {1} time per week,

{1} The evaluation most:
address the mainienance of exicting starm water ouality measures 1o ensure they are funcrioning property; and

identify additional messures necessary to remmin in complisnce with all g Hicable siatues and miles.
J #

{7y Written evalastion reports must inchade:
{1y the name of the individus! performing the evaluation;
e’ii} the date of the evalusation;
(i} problems idenified at the project si; and
{iv} details of corroctive actions recommended and completed.
{133 Al evalostion reports for the project site must be made available 1o th
cight {48 hours of 8 request.
{19) Proper storage and handling of materiats, such as fucls or hazardous wastes, and spill prav vention and clean-np
measures shall be implemented to minimize the potential for pollutans 1o contaminate surfhce of ground waier or

£ in ;}“‘"{iﬂ” authn i’l{"‘f’ within o T

degrade soil quality,
{28 Final stabilization of g projest site is achieved when:
(A gl tand distorbing activitics have been completed and 2 uniform (for BXE}E}"R%M evenly distribuied, witk
{70 has been established or

Aoy

tarpe bare aress) perennial vegetative cover with a density of seventy perce



2!l unpaved areas and areas not covered by permanent strociures, of equivalent permanent stebilization
measures have been employed: and

(1} consiruction projects on land wead for agriculural purpoges are crarped W i85 preconstruction agricultoral
wae or disturbed areas, not previously used for agricultural production, such as filter strips and areas that are
not being returned o their preconstruciion agriculural use, meet the final srebilization requircments in

clause {A)

{Weter Pollution Conirol Board: 327140 15-5-7; filed Aug 31, 19592, 5460 poes JE IR 24; readdopted filed Jon 10, 2001, 3:23
oo 24 IR 518 filed net 27 2083, Jih 15 am: 27 IR E40; errata filed Feb 4, 2004, 1:45 pan.: 27 IR 2284}

377 1440 15875 General reguirements for individus] building lots within 2 permitied project
Authority: 10 13148 30 13-15-3-2; 3O 13352 BCOEA-18-3; B 13184
Afferted: 10 13-12-3-3; 3O 13-38-1

Sec. 7.5. (a) All storm water guality measres, inchading crosion and sediment comirel, necessary 1o comply with this rule be
implemented in aceordance with the plan and sufficient w satisfy subsection (b).
{5} Provisions for erozion and sediment control on individual building lots regulated under the original permit of a
project site gwner must inciude the following raguirernents:
13 The individual i1 operator, whether owning the property or acting a3 the spent of the property owner, shall be
esponsible for ernsion and sediment comtrol Tequirements associated with activities on individual ots,
instaliation and mainienanee of a stable construction site a0CEss.
Inmaliation and maintenznce of appropriate perimeter erosion and sediment control measures prior 1o land
disturbance. (4} Sediment discharge and racking from each lof must be minimized throughow the fand
disturbing activities on the 1ot untl permanent sizbilization has been achieved-
£5y Clean-up of sediment that 15 sither trarked or washed onto roads. Bulk clearing of sediment shall not include
flushing the area with water. Cleared sedimend must be redistribuied or disposed of in a manaer that is in

{2}
(3)

compliance with ali apphicable staintes and rojes.
{6y Adiacent lots distorbed by an individual Int operator must be repaired andd wabilized with temporary or
permanent surface stabilization.
(73 For individual residential lots, ezt srabilization meeting the criteria bn section 7 (b Y20y of this rale will be
achieved when the individual lot operatorn
(4} completes fnal subitization o
(B} has instelled appropriste erosion and sadiment control measures for ap individual lot prior i ocoupation of
the home by the homeowner and has informed the homeowner of the reguizement for, and benefits of, fnal
stabilization.
7

(Warer Pollution Conteal Bogrd: 377 1AC 15-5-7.3; filed Oet 27, 2005, iS5 am s 27 IR 843

37 AL 1558 Preject fermination
Autherity: 10 $3-24.8; 10 1335325 3O 13-1
Affected: O 33-12-3-%; JO 158841

i

2 30 13183 1 13-1R4

Gee, B {2) The project site owner siall plan an prderty and timely termination of the constuction activities, including the
implementation of Storm water quality measures shat nre o remain on the project siie.
(b} The project site owmer shall submit a notice of termination (NOT) letter 1o the commissicner and & copy o the
appropriate SWCD or other designated entity in accordance with the following:
{13 Bucent as provided in subdivision (2}, the project site owner shall submit an WOT lenier when ihe fallowing
conditions have been met:
{AY All fand disturbing activites, including construction on zll huilding jots, have been completed and the entire
site has beon sisbilized. :
(B} AH emporary erosion and sediment control measures have been removed.
The NOT ietter rmust contain 2 verified statenent that cach of the conditions in this subdivision has been met.

it



(Water Pollstion Conirol Board: 327 140 53-8 filed Aug 31, 1992, 3

{2y The project site owner may sobmit an NOT fetter to abiain carly release from comphance with this role i the
{ Y H

following conditions are met
{A) The remaining, undeveloped acrenge does not exceed five (3} acres, with contiznous fress not © excead

one {1} ao
{8 A mep Qf the pm!a{:‘i site, clearly identifving el remaining undeveloped lots, is atiached 10 the NOT fetter.
The map most be accompanied by a st of names and addresses of Individul Jot owners or individual fot

operators of all undeveloped lofs.
{7 ALY public and commen improvements, including mirastraciure, have been completed and pennanenily

stahilized and have been transferred to the appropriate local emtity.
(D3} The remaining acreage does not poess & significant threat o the integrity of the infiastructare, adjacent

properties, of water guality,
{F} Al permanent storm water guality mensures have been implemenied and are operational.
Howing scceptance of the NOT fetter and written approval from the depariment for sarty release under subsection

¥ Fol
{ by, the proient site owner shall notify all cnrrent individual jot owners and ali subsequent individual fot owners ol the

remaining undeveloped acreage and acreage with construction acivity that they are responsible for complying with

sec of this rule. The remaining individual Iot owners do not need to submit an NOJ Jetier or NOT fetter. The notics

st siso

st contain 2 verified satement that each of the conditions in subsection (b) {2} bave been met. The notine mu
inform the individua! ot owners of the reguiramens 1!

{13 install and mainiam ;zfspmgmdt“ IERSTE svenr sediment from leaving the individual building lot and

{2 mainiain all erosion and sediment control measures thal ere 1o renain on-gite as part of the constroction plan.

{3 The SWOD, DNR-DSC, other entify designated by the department of 8 regusa tated M54 entity, or ihe department may

inspect ihe projfect site to evaluste the adequacy of the remaining storm water guality measures and complisnics with
the NOT letter reguirements, 1 the inspecting entity fnds that the project she owner has sufficiently fited an NOT
letter, the entity shall forward notification to the department. Upon recsipt of the verified NOUT letter by the
depariment znd receipt of written spproval from the department, the project site owner shell oo longer be responsible

&
i

for compliance with this rele.
(e Afier o verified NOT lener has been submitted for a project site, i maintenance of the remaining storm water guality

yrensures shall be the rosponsibility of the individual Iot owner or ocoupier of te property.

o

5-00p.m.: F6IR 25, readopred filed Jan 10, 2007, 2:23
2EIE 151 filed Ocr 27,2003, 1 15 am.: 27 IR 843}

27 1AL IRAY  Btandard conditions

fWarer Polburion Congrol Board; 327

Astherityr 10 53134y 3O 13-3.3-7; 1O 13770 4C 1535361
Affected:  JC 13321 503137

The stendard conditions for NPDIES general permit rules under 327 1AT 1544 shall apply to this rule.

2.7%

P IAC 1555 filed Aug 3, 1992 5:00 pm. 16 IR 26; resdopted fifed Jon 10, 2001, 3.2

poam 24 TR 1515

327 IAC B5-5-30  Inspection and snforcement
D30 i3.18.3-3; 30 1IR3 10

Aunthority: B 13.13.52; 1O 15-15-3.2; O 1335005 T 1016 B1n 3O I3-18-30
b1 §3~§8~4«§§ FOM 3 F
Affected: 1O 33-34-30; 30 133827 30 13384 1O 133

10 {3} The depariment or its designated representative may inspect any project site invelved in consruction actvities
The department or s designaled representatives may malke

repulaied by this rule & ressonable tmes
approprisie measures beyond those

recommendations to the project site owner or thelr representative 1o instalt a

specified in the stonm water pollution prevention plan 1o achiove comphance.

{b} All persons engaging in construction activities op a project sit s shall be responsible for complying with the stiorm
water poliution prevention plan and the provisions of this m%“

{¢y The department shall investigate pmfzmi vinlations of this rule o derermine which pers
the vigiation. The department shall, if appropriate, consider p s records of owner ﬂ in, mmgmg I\C
iocal ur Fenvemnmer, and other relevant in &m nation, which may inciude sin inspection
prevention plans, notices of intent, and other mi{) mation related o the specific facts and ¢
notentinl violation. Any person cau mg or contributing o a viclation of sny provisions ol €

~14.F, ICT S7Land H0E5-34

CLTEIARCES O é' i

this rule shall be subject to

nent and penaley under 10 13

A




the person KCCUpYIng of swning ihe

ity measures are not properly maintained by
rection of deficiencies under 327 JAC

{1 If rernaining storm waiey qual
sraon for 2o

property, the department may pursus enforcement againgt that p

P50 54,
{2} Construction plans and supnoring documentation scencinted with the quality assurance plan must be made available
10 the department of its designated representatives within forty-eight (48) hours of such a request.

f; filed Aug 31,1992 5:00pm.: 16 IR 26 filed Mar 23, 2000, 42 15 pom: 23IR

(Water Pollution € antrof Board: 327 14C 15-5-7
ed Ot 27, 2003, 100 15 am.: 27 IR 844)

1612: readopted filed Jan 10,2001, 3:23 pm.: 24 PR ISFE: il
97 TAL 15.5-11 Notification of completion (Hepesled)

See. 11, {Repesled by Water Eollufion Control Reard; fited Gef 17, 2003, 19:15 aum 27 IR BE3)

327 1AL 15512 Daration of ceverage
Authority: 1O 13-14.8; 10 13-15-1-2; 1O 13-15-25 §C 13-18-3; 2O 13384
Affected: $33.12-3-1; BC E3-18-3

See. 12, {z} A permil issued under this rilc is granted by the commissioner for & period of five {5} years from the date coverage
COMIMETHCES.

¢ Omce the fve (3) year perinii e
expived, and, as necessary for cor
acnordance with subsootion (€ %

{c} To obiain renewal of coverage wgcker b
subrmitied 1o the commissioner ninety (90) days prior io the termination of cove
permit e, unless the commissinner determines that a later datg is accepable. O
will begin on the date of expiration from the previous five (3) vear porInil .

5 general permit issued pnder this rute will be considersd

rm duration i reached,
2 new NOT letter wonld need to b submitted in

serruciion activity continuation,

he information reguired under sections 5 and & of this rule must be
rage under this NPDES general
overape under renewal WOI jeners

hig rule,

(Water Poilution Controf Board: 327 140 J5.5-12; filed Out 27, 2003 13 iiam; AT IR 844
‘ J
./ i_',,._a-"""
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“Ten General Princip

‘Section 2.
es of Erosion and Sediment Lo

nt

g e

S0il erosion and sediment

construciion site, The resulting detrimental impa
lic aswell as natural resource managers. The follow!

ation increase dramatically when tand is disturbed at 2

et on water quality concerns the pub-
ng general principies shouldbe the

hasis for a landuser's erosion and sediment control plan as development and consiruc-

tion ocenrs. The practices in Secrion 3 are relate

1. Fit the development fo the existing ferrain

and soil

« Asgess the physical characteristics of the
site, including topography, soils, and drainage, 10
determine how best to develop it with minimal
environmental damage.

* 1Jtilize the existing topography to minimize

grading.
# UJtilize the natural drainage patierns where
possible.

* Preserve any exisiing wetland in accordance
with the law.

2. Develop an erosion and sediment rontrol plan
wefore land-disturbing activities begin, then
follow i¢ (see Section 2.2}

» If nacessary, get professional help in devel-
oping such g plan, which should identify the argas
where erosion and sedimentation problems are
apt to ocour on the comstruction site and specify
+he measures to reduce those problems. Infor-
mation is available from local SWCDs, the UsDA
Sqil Conservation Service, IDNR Soil Conserva-
tion, and city or county engineering staffs, Some
private firms provide the type of assistance needed.

= Cyhtain all local, state, or federal permits
that may apply 10 the construction activity.

s Wiake sure that all land-disturbing activities
on the site are carried out in accordance with the
erpsion/sediment control plan.

4, Retainexisting vegerationon thecon struction
sife wherever possible.
* If existing vegetation must be cleared, retain
and protect it until the area must be disturbed.
= Maintain a buffer strip of existing vegetation
around the perimeter of the site toreduce off-site
erosion and sedimentation.

d ultimately to these ten principles.

s Use staged clearing and grading {schedui-
ing) to reduce the amount of disturbed area 1o
the absolute minimum needed for immediate
construction activities.

5, Keep sediment on the construction sife as
much as possible.

* Retain sediment from unavoidable erosion
n-site by trapping it with sediment hasins or by

Ol
filtering it out of runofl with vepetative OF man-

made barriers.
* [pstall anvneeded sediment traps and basing
before construction activities begin.

6. If possible, divert off-site runofl away from
disturbed areas.

* Lse diversions, perimeter dikes, and water-
ways to intercept off-site runoff and divert itaway
from the construction site,

* Install these measures before clearing and
orading to reduce the potential for erosion.

7 Wiinimize the length and steepness of siopes.
“ {Jse stair-step grading, diversions, and sedi-
ment harriers 1o break up long, steep slopes.
* Design measures 1o slow runoft and allow

deposition of sediment.

%, Siabilize disturbed areas as soon &8 possible,

¢ Use stabilizing measures, such as seeding
temporary Of Dermanent vegetation, sodding,
mulching, sediment basins, erosion control blan-
kets, or other protective practices within savern
days after the land has been disturbed.

= Consider possible future repair and mainie-
nance needs of the measures selected.

G

9, Keep velocify of runoff leaving the site low,

* Reduce ranoff velocity by maintaining exist-
ing vesetative cover, preserving a vegetated buffer

S iz



strip around the lower perimeter of the land dis-
mirbance, and installing perimeter controls, such
25 sediment barriers, silt fences, filters, dikes, or
sediment basing or fraps.

* Depending on iocal ordinances and site
conditions, either (a) discharge concentrated
stormwater runoff into a well-defined, adequately
protected natural or man-made channelor apipe
large enough to handle the expected maximum
storm; or {b) detain the stormwater runoff on-
site in a retention/detention facility,

). Inspect and maintain erosion control meas-
ures regularly.
* Assign someone the responsibility for rou-

P

tine, end-of-day inspection/maintenance checks
of all erosion and sediment control measures,

* Inspect all measures for damage after each
SOTIn Vet

* Repair any damaged measure, since it may
cause more damage than it prevents if not prop-
erly maintained,

* Consider consequences of the failure of 2
control measure when deciding which one to use,
(Failure of a practice may be hazardous or dam-
aging to people and/or property).

* When construction is completed and the
area stabilized, remove erosion control meas-
vres no longer needed in a manmer that mini-
mizes site disturbance, and seed immediately.
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Contents of an Erosion :

ggmmﬁ ﬁ T

%‘;éﬁ;j%?{:ééﬁm%g%%{ﬁ@é%m{i Plan. =

The purpose of a development site erosion
and sediment control plan (E/SCP} is to estab-
lish clearly which control practices are intended
to prevent ercsion and off-site sedimentation. It
cerves as a blueprint for the location, installation,
and maintenance of these practices. The ap-
proved E /SCP, which shows location, design,
nd construction schedule for all practices, should
be part of the general copstruction contract.

This section, intended as a guide for prepar-
ing a construction project ergsion/sediment con-
trol plan, is divided into three parts:

* Pore 2.0-A contains basic information that
all site planners and plan reviewers should be fa-
miliarwith, including eriteria for plan format and

comtent, and ideas for improved planming €
tiveness.

s Par 2.0-B outlines and describes a recom-
mended step-by-step procedure for developing
an B/SCP from data collection 1o the finished
product. Itiswritien in general terms to be appli-
cabie to all types of projects.

* Pare 2.2-C presents the elements 10 be in-
cluded in preparation of both the site plan ant
the plan narrative

Site planmers as weli as local plan-approving
authorities are urged to become familiar with the
contents of this section so that plans will eventu-
ally become more standardized and thus more
meaningful statewide.

part 2 0.4, General Guidelines

What an Erosion/Sediment Control Plan Is
Ttis a document that (a) describes the poten-
sial for erosion and sedimentation problems ona
construction site and (b) explains and illustrates
the measures that will be taken to control those
problerms.
The B/SCP

should be an essential compo-
nent of the site grading plan. While it's a 2000
idea to include erosion and sediment control
ctandards and specifications in contract docu-
ments, the B/SCPiselfshouldbe a working doc-
pment included with the grading plan.

Imnortance of the Navrative Partion

A narrative is a written statement that ex-
plains both the erosion and sediment control de-
visions made for a particular project and the jus-
tification for those decisions.

The parrative is important to the plan re-
viewing authority because it contains concise -
formatior concerning the nature and purpose of
the proposed development, existing site condi-
tions, proposed erosion and sedimentation con-
trol measures, construction schedules, and other
pertinent jtems notin a typical site plan. The de-
signer must keep in mind that the plan reviewing
authority has probably notseen the site andis un-
familiar with the project,

The narrative is also important to the con-
struction site superintendent, who 15 responsible
1o tmplement the plan. It provides a report de-
scribing where and when the varions erosion and
sediment control practices should be installed.

What Constitntes an tAdeanate” Plan

AnF/SCP mustmeetthe criteriaset forthin
Part 2.2-B. Its length and complexity depends on
the size of the project, severity of site conditions,
and the potential for off-site damage.

Ohviously, a plan for house construction on
a single subdivision lot need not be as complex as
one for a shopping center development. Also, a
plan for a project undertaken on flat terrain will
likely be less complicated than one for a project
constructed on sloping terrain where erosion po-
tential is higher. The greatest level of planning
and detail should be evident on plans for projects
directly adjacentto waterbodies or walercourses,
in dense population centers, of O high-vaiue
properties where damage may be particularly
costly or detrimental.

The step-by-step procedure outlined in Part
5 5.0 s recormended for the development ofa
pians. The site plan an¢ narrative preparati
checklists in Part 2.2-C will be especizlly ben
cial to site planners and plan TEVIEWETS.

a=va
B St



Practice Standards and Specificationg

Standards and specifications for the prac-
tices used to meet minimum reguirsments for
erosion and sedimentation control are found in
Sec. 3. Detail drawings and other design require-
ments accompany the standards. These practices
will be revised and kept curremnt.

Comuprehensive Site Planpin

Frosion and sediment control planning should
be an integral part of the site planning process,
not an afterthought, The potential for soil ero-
sion should be a significant consideration when

deciding on the layout of buildings, parking lots,
roads and other facilities. Erosion and sediment
control measures can be minimized if the site de-
sign is adapted to existing site conditions anc
good conservation principles are applied.

Resnonsibility for Plannine /Tmnlementaiion

The owner or lessee of the land being devel-
oped is responsible for plan prepararion and im-
plementation. Although thai person may desig-
nate someane else {e.g, an engineer, architect,
contractor) to prepare the plan, he/she retains
the ultimate responsibility,

Part 2.2-8. Step-by-Step Plan Development Procedure

ment control plan include: data collection, data
analysis, site plan development, E/5CP formula-
tion, and E/SCP completion. Following is what

each step entails.

Sten 1, Collectine the Tintg

Inventory the existing site conditions 10 gather
information that will help vou develop the most
effective B/SCP. Thatinformation, whichshouid
be platied on asite map and explained in the nar-
rative portion of the plan, includes:

* Topography. Prepare a topographic map
of the site to show the existing contour elevations
at intervals of two feet.

* Drainage patterns. On the topographi
map, Iocate and clearly mark all existing drain-
age swales, watershed boundaries, unstable (erod-
ing} stream reaches, and knowr {lood marks,

* Soils. Dotermine and show on 4 it map
or gverlay the major soils type(s) associated with
the site. Indicate critical or highly erodible soils
that should be left undisturbed: also note oritical
areas, such as steep slopes, eroding areas, rock
outcroppings, and seepage zones; and identily
any unigue or noteworthy landscape features w
be protected when thev appear on the site,

Soils information can be obtained from a
letailed county soil survey {avaiiable af vour lo-
cal SCS/SWLD office) or from aprivate soil con-
sultant, Such information should be platted di-

ectly onto a site map or an overlay of the same
scale for ease of interpreiation.

* Ground cover, On a site map or overiay,
show existing vegetation, including tree clusters,

= gt

grassy areas, and unique vegetation. Also indi-
cate denuded or exposed soil areas.

# Adjacent areas. On the topographic map,
delineate sreas adjacent to the site, including
sueh features as streams, roads, houses, or other
buildings, and wooded areas, Streams and ponds
that will receive runcff from the site should be
surveyed to determine their carrying capacity
and sensitivity {o sedimentation and flooding.

Bten 2. Anglvzing the Diatfs

When the data collected in Step 1 are con-
sidered together, a picture of the site's potentials
and Bmitations will begin to emerge. Youshould
be able 1o determine those areas that may have
critical erosion hazards, The following are some
important poinds to consider in site analysis:

* Topography. The primary topographic co-
siderations are slope steepness and slope length.

When the percent of slope has been deter-
mined, outline the areas of similar steepness.
Slope gradients can be grouped into three gen-
eral ranges of soil erodibility:

G-6%--Low to moderate erosion hazard

6] 29 --Moderate to high erosion hazard

Cver [2%--Severe erosion hazard

Within these slope gradient ranges, the great-

r the slope length, the greater the erosion haz-
ard. Therefore, in determining potential critical
areas, you should be aware of excessiv

Asa general rule, the erosion hazard will

hecome critical if slope lengths excead th
lowing values:

(-690--200) feet

-1 2%0--100 feet

Cver F29--50 feet

£
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# Watural drainage. Nafural drainage pat-
terns exist on the land and include overland flow
swales and depressions and patoral waiercourses.
Identify those critical areas where water flow
may concentraie. Where possible, use natural
drainageways 10 COnVey runoff from the site.

Man-made ditches and waterways will con-
sribute to erosion problems if not properly stabi-
lized. Take care io ensure that increased runoff
from the site will not erode or flood the existing
natural drainage system. Sites for stormwatel
detention should be determined at this point in
the planmning process.

« Soils. Soils should be considered when
laying out building lots, roads, STOTI SeWETS, S0,
Conditions such as depth to bedrock, depth 10
seasonal watertable, permeability, shrink-swell
potential, texiure, and erpdibility will exert a
strong influence on land development decisions.

% Cyound cover. Ground cover is the most
important factor in terms of preventing erosion;
therefore, save any existing cover, if possibie.
Trees and other vegetation protect e soil as
well as beautify the site after construetion.

¥ the exisiing vegetation cannot be saved,
consider staging construction or mulching and
temporary seeding. Staging of construction -
volves stabilizing one part of the site hefore dis-
turbing another, which minimizes the time soil 18
exposed. Mulching and temporary seeding in-
volve mulching and seeding areas thatwould oth-
erwise lie exposed for long periods of time, thus
reducing the erosion hazard.

= Adjacent areas. Adl analysis of adjacent
properties should focus on areas downslope from
the construction project. Of major concem should
be watercourses and waterbodies that will re-
ceive direct runoff from the site. ¥ ou must con-
sider their potential for sediment pollution and
for downstream channel erosion due 1o increased
volume, velocity, and stormwater flow from the
site. Alsoanalyze the potentiai for sedimentdep-
osition due 1o sheet and rill erosion 80 that ap-
propriate sediment trapping can be planned.

Sten 3, Developing the Hite Plan

After analyzing the site and mapping 1hose
areas to be preserved from development, site
planning can begin. Good site planning and de-
velopment standards do much to avoid increased
runoff, erosion, and sedimentation problems.

Tand development has an array f impacts

on runocff and water guality. Liste below are
some of those impacts:

* Increased peak discharges during develop-
ment {hetween two to five times that of pre-
development conditions).

% Increased volume of runoff (often as mnch as
500, more than pre-development conditions. )

* Decreased time for runoff to reach streams
{often by 507 or more). Thisis especially frue
if extensive drainage improven ents" are wase
as part of the development,

* Inereased frequency and severity of down-
stream flooding.

% Reduced streamflow during dry periods, thus
sagnifving water quality problems.

« Greater ranoff velocities during storms, s
increasing erosion/sedimentation problems.

* [ess infiltration, thus reducing groundwater
recharge.

The following goals can serve as a guide o
site planning. If met, the adverse Lmpacts on Tun-
off and water quality could be markedly reduced.

4. Reproduce pre-development hydrologi-
enl conditions. The focus of siormwaler managt-
ment is on minimizing the frequerncy and severtty
of fisoding, chiefly by reducing peak discharges
srom new development. To accomplish this means
generating site design concepts that minimize
use of pavements and impervigus surfaces, de-
sigring for infiltration opportunities 1o resiore
pre-development runoff volumes, and vsing vege-
sated swales as much as possible 1o iy 1G match
pre-development runoff velocities.

8. Confine development and consiruction
setivitios to the least critical areas. Use the
slope, soil, and vegetation data collected and an-
alyzed in Sieps 1 and 2 1o map those areas that
should be enirely avoided by development {e.g.,
sieep and long slopes, areas of eradible soils, fra-
gile vegetation, etc,). Use such areas instead as
openspace or as natnral areas to enhance the de-
velopment, "Cluster development” can be used
¢o Facilitate avoidance of sensitive areas.

C. ¥it development to ferraim Choose road
patterns o provide access sChemes that match
ihe landform. For example, in rolling, dissected
terrain, use branching local streets in short 1oops

[

and eul-de-sacs from collector SIrests. Thist
cults in g road pattern that resembles the branche
patterns of ridgelines and drainageways in the
natural landscape, thus facilitating 2 develop-
ment that "fits” the landform and minimizes dis-
ruption of existing prades and natural drainage.

[E N
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13, Preserve and niilize the natural drainsge
svsieni.

The following general procedure is recom-
mended for site planning for erosion and sedi-
ment Controk

A. Detennine unit-lot relationships to match
site comditions and meet hydrologic objectives. The
unit-lot relationship is a facet of site planning too
often accepted as a "given,” even though it offers
gond opportunity to reduce runcff peaks, vol-
nmes, and velocities.

B. Develop prototype clusters of lots on paper
for each unit type and site situation before address-
ing lot Inyout on the total site. This avoids many of
the pitfalls encountered in siting roads first then
the lots. Byworking outinadvance the objectives
and problems of lot-street relationshipe, you can
mare readily see opportunities (o capitalize on
the physical characteristics of the sile to mini-
mize impact and maximize amenity.

C. Begin planning the subdivision by work-
ing over a base map of the site on which the areas
to be avoided are clearly delineated and shaded in.
Apply proiotype clusters to the plan, bending or
truncating them as needed so that drainageways
and preserved lands fall along backiot lines be-
tweenunit clusters as much as possible to provide
buffer spaces between them. Set and check trial
grades for both roads and lot cluster to determine
the area disturbed by earthwork operations. Ad-
just layout and slopes as needed to minimize dis-
nirbed areas without compromising existing drain-
age patierns.

Sten 4, Formulatine the E/SCE

When the lavout of the site has been decided
upon, the E/SCP can then be formulated. Itmust
containsufficient information to describe the site
development and the system intended to control
erosion and prevent off-site damage from sedi-
mentation. The following general procedure is
recommended for ergsion and sediment control
planning:

A. Deicrmine limits of clearing and grad-
ing. Diecide exactly which areas must be dis-
wurbed in order to accommodate the proposed
comstruction, paying special atiention to the oriti-
cal areas that must not be disturbed,

B, Divide the gite inte drainage arcas, De-
termine how runoff will travel over the site to

z22-4

identify the various drainage areas, then consider
how erpsion and sediment action can be ¢on-
trolled in each small area before looking at the
entire site. REemember, it's easier 1o control ero
sion than to contend with sediment after it has
been carried downstream.

¢, Select the appropriate erosion and sedi-
ment control practices. These can be divided
into three broad categories—vegeiative controls,
structural controls, and management measures,

Vegetative controls {see Sec. 3) are the first
line of defense sgainst erosion. The best way to
protect the soil surface is to preserve the existing
vround cover. Where land disturbance is neces-
sary, seeding and mulching can be used to stabi-
lize the area.

Strucrural confrols (see Sec. 3}, although gener-
ally more costly, are often necessary on disturbed
arsas that cannot be protected with vegetation.
They are usually the second or third line of de-
fense to capture sediment before leaving the site,

Management measures include: (2} staging
construction on large projects so that one area
can be stabilized before another is disturbed; (b}
delegating responsibility for implementing the
E/SCP 10 one individual, preferably the job super-
intendent or foreman; {¢) ensuring that workers
undersiand the major provisions of the E/SCP;
(d) physically marking off limits of land distur-
banee on the site with tape, signs, etc, 5o workers
canses areas to be protected; and (e) developing
and earrying out a regular maintenance schedule
for erosion and sediment conurol practices.

13, Plan for stormwater management, Where
increased runoff will cause the carrying capacity
of 8 receiving charmmal to be sxceeded, select

<~

appropriaie STOIMWALEr Management Measures.

Srpy £, Comupletine the E/SCP

With the necessary planning work done (Steps
1-4), the final step is to consolidate this informa-
tioninto aspecific B/SCP for the project. It con-
sists of two parts--a narrative and a site plan.

The narrative explains site problems and
theirsolutions with all necessary documentagon,
The site plan is one or a series of maps and
drawings that "show" the information explainec
in the narrative, including all applicable con-
siruction schedules, location of erosion and sedi-

)

ment control measures, and construction draw-
ings and specifications for the project.



part 2.2.C. Elements {o inglude in the Site Plan and Plan Narrative

Following are the items that should be in-
cluded on the site plan map(s) and in a narrative
accompanying the site plan. They provide 4
quick reference to the major elements included
in the erpsion and sediment control plar.

Al of these items must be considered for ev-
ety plan, regardiess of the extent of earth distur-
bance. Keep in mind, however, that factors ad-
dressed in one plan do not necessaily have to be
addressed in another. For exampie, the plan
needed for a small, single residential lot without
apyupsireamcontributing drainage may not have
to list the staging of earth-moving activities if pe-
rimeter controls are in place.

Yiements in the Site Plan

A. Loestion map with north indicated. Provide

4 small map locating the site inrelation to the
direction north and to the surrounding argas.
* The location map may be an insert on the
fopographic map or a separaie sheet in the nar-
rative report. A copy of part of a 7Ve-min HSGS
guadrangle map s recommended for this pur-
pose; if used, include the name of the USGS
map on the location map.
* The map must include the location of the
project with respect fo roadways, municipalities,
streqps, watercourses, existing Siruchires, and
other identifiable landmarks.

B, Seale. Indicate scale, using a graduated Iine,

whiich represents the drawn dimensions in re-
lation to acmal size of the project site, usually
in number of feet per inch.
* The scale of the map must be large EnOUgit 10
clearly depict the fopographic features, and the
coniours must be at an interval that will ade-
quately describe the topography of the stte. Scales
of 1in. = 100 ft. or less, with 2-ft. FHEECELUIT COT-
tour intervals, are recommended.

C. Benchmark, Show an established elevation
affixed to apermanent object that can be used
to check grade.

Ir. Plan drawings. Provide drawings of the proj-
act site that include:

1. Map(s) of existing site condifions,
a. Contours. Show existing contours of the
site. They must extend a minirmum of 200
ft. beyond property boundaries and should
he on 2-ft. intervals,
b. Vegetation. Indicate existing tree Hnes,

grassy areas, o unigue vegetation.

c. Soils. Show boundaries of the different
soil types, as delineated in the SC5 detailed
courtty soil survey or as determined by 2
certified professional soil scientist.

&, Property boundaries and lot lines. Show
boundaries of the property, lot lines, sec-
tion lines, and adjacent plats,

e. Drainoge. Indicate dividing hines, ap-
proximate dimensions or size, and he di-
rection of flow for the different drainage
areas. The map mustinclude enough of the
surrounding area so that streams, chan-
nels, ditches, and other watercourses 1¢-
ceiving runoff from the project site can be
identified and evaluated for resistance o
erpsion. If runoff from upstream water-
shed areas is included in the stormwater
caleutations, such drainape areas must also
be shown. Also show any lakes, ponds, wet-
lands, 100-yr. floodplains, fioodway fringes,
and floodways.

£ Groundwater recharge areas. Indicate ar-
eas of potential groundwater recharge.

g, Critical erosion areas. Indicate areas
with potentially serious erosion problems.
h. Physical structures and frasiruciures.
Show locations and approximate dimen-
sions of utilities, structures, roads, high-
ways, ete.

2. WMap of final site condifions. {{in same
scale as the existing site conditions map.)
a. Contours. Show changes 1o the existing
COMLOUTE.

b, Elevation and grade. Show elevation of
lot corners: grade of streefs and parking
lots; natural high level (NFHL) and highwa-
ter level (HWL) of ponds, wetlands, and
lakes: elevation of storm sewer intets and
autlets: and elevations of first floor of pro-
posed structures.

¢, Infrastructures.  Indicaie locarions of
roads, paved areas, and utilities in the pro-
posed development arca.

3, Site plan construction map. (The follow-
ing also apply to all off-site disposal or bor-
row areas that are part of the project.)

a. Limit of clearing and grading. Show lo-

cations and approximate dimensions of all

areas to be cleared and graded.



E.

F.

h. Location of soil stockpiles. Show areas
where soil stockpiles may be located.

¢, Location of erosion and sediment cornirof
practices. Indicate locations of all erosion
and sediment control and stormwater man-
agement practices used on the site.

4, Dietailed drawing of practices. (Provide 4
drawing of each erosion/sediment control
and stormwater managerment practice 1o
be used on the site, including construction
details and specifications.)

Construction schedule, Provide a schedule of

anticipated starting and completion dates for

each land-disturbing activity and practice in-
stallation {i.e., dates disturbed and stabilized).

Plan preparer and responsible individoal, In-

clude the signatures, addresses, and telephone

numbers of the person or agency that pre-
pared the B/SCP and the one responsible for
implementation and maintenance of practices.

Llements of the Plan Narrative

A,

B.

ey

Project deseription. Describe the nature and
purpose of each land-disturbing activity and
the amount of grading involved,

Phasing of consirnction. Describe the pro-
posed stages of grading, utilities, and building
construction from initial site clearing throogh
final stabilization, Include anticipated begin-
ning and completion dates for sach land-dis-
turbing activity, schedule of instaliation of fa-
cilities and erosion control measures as they
relate to the varions phases of earth-moving
activities, and time of year they will occur.
Existing site conditions, Describe the existing
topography, vegetation, and drainage.
Adjacent areas. Describe neighboring arcas
(streams, lakes, residential areas, roads, etc,
thatmight be affected by the land disturbance.
Sails. Describe the soils on the site, including
s0il name, mapping unit name, stracture, per-
meability, depth, texture, and suifability for
intended use. Thisinformation is available in
508 detailed county soil survey reports avail-
able from local SC5/SWCD offices.

Critical areas. Describe areas onthe site that
have potential for serious erosion problems.
Erosion/sediment control measures. De-
seribe the type, purpose, and design computa-
tion of sach practice that will be used 1o
control erosion and sedimentation on the site.
Also provide design information for water-

e

J. BMaintenance.

course channel stabilization, inciuding drain-
age area, anticipated flow rate, velocity, and
proposed stabilization methods, such as vege-
tation, rock lining, etc.

¥, Permanent stabilization. Describe type, pur-
ype, P

pose, specifications, and installation date of
each permanent stabilization practice (o be
installed after construction is completed.

. Stormwater management considerations. If

development of the site could increase peak
rates of runoff or result in flooding or channel
degradation downstream, consider stormwa-
ter control structures on the site.
* Dijversion terraces and other channels must be
designed to convey the discharge from their con-
tributing drainage areas. Of the various meth-
ods for computing peak discharges, the two most
- popular are the USDA Technical Release’ 55
(preferred } and the Rational. To obtain TR-55,
Urban Hydrology for Smail Watersheds, as
publication alone or with a computer progrom,
contact the National Technical information
Service (NTIS), U.8. Department of Commerce,
Springfield, VA. 22161 (phone 703-487-4650;.
 The narrative portion of an E/SCP must con-
tain the computarions used fo determine design
capacities for the various practices inciuded in
the plan. The computation methods must be
clearly identified and all factors used in the
computations clearly tabulated. Also included
muest be (1) an analysis of the impact that runaff
from the project site will have on the doyri-
strean watercourses’ resistance (o erosion and
(2} design computarions of ey profective meas-
ures for those downstream WaiCrCOUrses.
Provide a schedule of regular
inspections and the repair of erosion and sed-
iment control struciures,
* The maintenance narrative includes: a sched-
ule of inspection of the control measure (after
each storm event as well as on a weekly basis, as
o minimum); type of maintenarice (e.g, cleano,
repair, replacement, regrading, reseeding, ete.j,
and site and method of disposal of matericls
removed from the control measure or project
areq. Tfsediment basing are installed, the eleva-
tion corresponding to top of sedimert storage
level must be specified as well as the means of
identifving this elevation.

¥, Calenlations. Showany caiculations made for

the design of such items as sediment basins,
diversions, waterways, and runoff and storm-

water detention hasins.
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oping and Using a Construction Sequence
to Enhance Erosion and Sediment Conir

i Sequenc

E

A eonstruction sequence schedule is a chrone-
logical Hsting of construction activities to be per-
formmed and the accompanying erosion and sedi-
ment control practices to be installed ahead of or
conenrrent to these activities. The purpose of
such a schedule is to minimize on-site erosion
and off-site sedimentation during and after con-
ctruction. It also helps make field personnel,
such 85 on-site construction managers and fore-
men, more aware of the possibilities of erpsion
prevention through construciion management.

A construction sequence sehedule iscreated
by (1) listing those tand-disturbing activities needed
to complete the project, (2) listing the nractices
seeded 1o control erosion and sedimentation on
the site, then (3} combining the two lists into a
logical sequence. Sucha schedule helps establish
the timetahle for installing the erosion/sediment
control practices and shows their likely compati-
hility with the general construction schedule,

Following (and summarized in Exhibir 2.3-
A) is the general sequence of development site
construction activities and erosion/sediment con-
trol praciices that should accompany them. These
activities will not always occur consecutively; end
any schedule developed will likely be affected by
weather and other unprediciable factors. Never-
theless, aproposed COnstTuction sequence should
he formulated and inclnded in your erosion/sed-
iment control plan, as well as the overall con
struction plans for the entire project.

Sugpested Sequence of Construction Site
Erosion and Sediment Control MMeasures

* (a1l the Indiana Underground Plant Pro-
tection Systems, Inc. ("Holey Maoley™) at 1-800-
192.5544 1o check the location of any exising
utilities. They should be notified two woTking
days before construction takes place.

# Before opening up the site, first evaluat
mark, and protect important rees and asagciate
root zones, unigue areas 10 be preserved (1e.
wetlands), or existing vegetation suitable for use
as filter sirips (espectally in perimeter areash

* Yor sites utilizing on-site waste disposa
that will not be served by sanitary sewers, protec

L
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areas designated as septic fank absorption fields
with temporary fencing to probibit accidental
soil disturbing activities {ie., vehicular traffic
compaction, excavating, or filling}.

* Before clearing and grading, install sedi-
ment basins or traps around the perimeter of the
cite and diversions above thesite. The intentisto
direct water from undisturbed areas away from
the sediment traps while conveying sediment-
taden runoff from disturbed areas fo the raps.

= Alsp hefore clearing and grading, install
the main runoff conveyance systemwithinlet and
outlet protection devices 10 convey SIOIm runoif
through the site without creating gullies and to
prevent damage 1o the receiving waters.

« ps spon as the storm drain system is fune-
rional, install drain inlet protections, which trap
sediment on-site in shallow pools while allowing
high water flows o enter the system.

* {pstall streambank stabilization practices
{including necessary SITearm crossings ) independ-
ently and abead of other construction activities.
The reason is that increased storm runoff result-
ing from subsequent site clearing and conswuc-
tion makes streambank stabilization work more
difficult and costly.

Naote: State or federal permits may be needed for con-
strpesion in foodways, sSIPCAIRS, DCAE takss, or wetlands
from the foliowing agencies in addition to possible ap-
proval of county or iocal government agencies. Whenin
deubt, contact iocal authorities as well as the following:

1 For construction involving (2) a stream with more
than 1sq. mi. of drainage above the project site, (b} the
finodway of a river of stream, (¢} naforal lakes, or {4}
ditches or drams within 1/2 i of a freshwater lake,
contact: Division of Water, IDNR, 402 W. Washingion
St, W-264, Indianapolis, IN 46204 (ph: 317-232-50660).

9 When construction involves large streams (under
jurisdiction of Section 10 of the Federal Rivers and Har-
hors Act) or wethands (under the nrisdiction of Section
404 of the Federal Clean Water Act), contact: L5
Armiy Corps of Engineers, Reguliatory Functions Branch,
B0 Boy 1027, Detroit, MI 45231-1027 (ph: 313-226-
6828) if in the northers 173 of Indians, OR U5, Ay
Corps of Engineers, Atin: CE OR-F, P.O. Box 5%, Louis-
ville, KY 40201-0059 (ph: 502-582-5607) i in the soutl:
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* Once erosion and sediment control meas-
wres are in place, begin land dlearing followed
immediately by gﬁ“z&éhw Do notleave Iz grge areds
ﬂn“fﬁ?ﬁ@ﬁzf*é r more than 7 days, Adjoining ar-
eas pmnmé for development should be left un-
disturbed as long as poessible to serve as natural
buffer zones.

* As grading is done, install additional traps,
silt fences, slope draing, temporary éwewmq
and other ranoff control measures at Rppropri iate
locations to keep sediment contained on-site.

¢ Immediately after grading, apply surface
stabilization practices on all gm{ﬁad areas, using
permanent measures in accordance with your
erosion/sediment control plan. However, if weathe
er ﬁﬁi&y‘« permanent stabilization, temporary seed-
ing and/or mulching may be necessary as a stop-

gap measure. Also stabilize (using temporary
saaémv/ mulching or other suitable mﬁ&m} any
disturbed area where active construction will not
take place for 30 working days.

* Coordinate building construction with other
development aciivities so that all work can take
place in an orderly manner and on schedule.

* For housing development construction,
use perimeter sediment barriers and gravel en-

r
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trances to keep sediment from éﬁﬁf»*ﬁﬂg individual
homesites and affecting the road surfaces, storm
sawers, and established grassed waterways,

* After construction and final gfdamw lanc-
scape and permane ntly stabilize all disturbed
sites, including borrow and disposal areas. Also
remove temporary runcff control structures and
any unstable sediment around them, and vege-
tate those areas,

Additional Censtruction
Seapence Schedule Suspestions

1. Assign an on-site person with the daily re-
sponsibility ‘md authority to ensure thaterosion/
sediment conirol practices are instalied accord-
ing to the sequence schedule.

2. Determine to follow the planned sequence
throughout the development period.

3. If construction activities must be changed,
amend the schedule to reflect those changes.

4. Be prepared to use construction tech-
nigues that are not scheduled but, because of
timeliness, can greatly reduce erosion potential
at a site (i.e., re-shaping earthen fills periodically
to prevent overflows or constructing temporary
diversions ahead of anticipated storms}.



Exhibit 2-4. Considerations in Construction Segusnce Sehaduling.

Construction phase (specific activities
or erosion contro! practices)®

Copstruction schedule epnsiderations

Pre-consiruction actions (Evaluation/protec
tion of important site characteristics)

Construction sccess (Construction enirances,
construction routes, equipment parking
areas)

Sediment barriers and fraps {Basin traps. it
fences, outlet pmmaﬁ%ms)

Runoff control {Diversions, perimeter dikes,

water bars, outlet protection)

Runatf convevance system (Stabilized stream-
panks, storm drains, inlet and outlet pro-
tections, channels)

Land clearing and grading {Cutting/filling/

grading, irains, sediment traps, barriers,
diversions, surface roughening)

Surface stahilization (Temporary and perma-
nent seeding, mulching, sodding, riprap}

Building construction (Buildings, uiilities,

paving}
T andscaping end final stabilization { Topsoil-
ing, trees and shrubs, permanent seeding,
ulching, sodding, riprap)

Before construction, evaluate, mark, and pro-
tect important trees and associated rooting
zones, unigue areas (.5, wetlands) o be
preserved, on-site septic system absorption

Felds, and vegetation suitable for filter SITIS,
especially in perimeter areas.

Srabilize bare areas immediately with gravel
and temporary vegetation as waork takes
place.

Tnstall principal basins after construction site
is assessed.

Install additional traps and barriers as needed
during grading.

Tnstall practices after principal sediment raps
installed but before land grading.

fnstail additonal ranoff control measures dur-
ing grading as needed.

Where necessary, stabilize streambanks as €any
as possible.

install principal conveyance system with runoff
conirol measures.

Tnstall remainder of system after grading.

T3

s

L3

Begin major clearing and grading after install-
ing the key sediment and runeff measures.

Clear borrow and disposal areas as needed.

Iristall additional control measures as grading
PrOgresses.

Apply temporary O permanent stabilization
measures immediately on all disnrbed areas
where work is delayed or completsd.

Tnstall necessary erosion and sediment comtrol
practices as work takes place.

Stahilize all open areas, including borrow and
spoil areas.

Remove temporary confrol measures an
hilize.

sra-

*Maintenance-(1} inspect practices at least once a week, and {2} make repairs

s immediately after periods of rainf all

n
t







3.01 Temporary Gravel Construction
Entrance/Exit

3.02 Topsoil (Salvage and Ltilization)

%.0% Surface Roughening
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Purpose
(Exhibit 3.0]-4)

* 1o provide 2 stable entrance/exit condition from the construction site,
* o keep mud and sediment off public roads.

Eyhihif 1.0%-8, Temporary gravel mﬂsﬁmaéém E;ﬁmm:efexﬁ% pad helps keap sedivent off gsﬁ;hiém roats.

Reqguirements
(Fxkibit 3.01-B)

Material: 2-3 in. washed stone (NDOT CA No Zyovera sighle foundation.
Thirkness: 6 in minimum
Widdth: 12§ pyininnn or fdl width of enlrance/exit roadway, whichever is gresicr.

Lepgth: 50 fi. minimum. The iengih can be shorter for small sites such as for an individual home,

Washing facility {spiienal): Level area with 3 in. washed stone minimum or a coramercial rack,

and waste water diverted to 4 sediment frap of hasin (Practice 3.72)
Centextile fabpic underfiner: Mav be used under wet conditions or for soils within 2 high seasonal

water table to provide g@:&@%f bearing strength.

i publio
( ‘# mae:ﬁ

223 i, soBrss
agaregate

Sentexiile fabric to slebiize foundation A
{egpecially Imporian where weiness is anticipated) L

H
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;;mmr% 501-B. Plan of a iemya argg gmw&% amﬂs‘em




instalintion
{Exhibir 3.01-C)

Aweid locating on stesp slopes or at curves in public roads,
Remove all vegetation and other objectionable material from the foundation area, and grade and

P e

crown for positive drainage.
If slope towards the road sxcesds 2%, constract a 6-8 in-lugh water bar {ridgey with 31 side

sicpes across the foondation area about 15 f1. from the eptrance o divert raneil away from the

road (Practice 3.24) {see Exhibiy 20703,

Tnstall pipe under the pad if needed to maintain proper public road drainage.

5. T wet conditions are anticipated, place geotextile fabric on the graded foundation to improve sia-
bility,

6. Place stone o dimensions and grade shown in the erosion/sediment contro! plan, leaving the sur-
face smooth and sloped for drainage.

7. Divert all surface ranoff and drainage from the stone pad to a sediment trap or basin,

e

:&.\

e X . -,
Brags »2% Diversion ridge

Exhibit 2.84-0. Temporary construchion snizancefexit pad with diversion ridge where grade exceeds 2%,

Maintenance

* Inspect entrance pad and sediment disposal area weekly and aftor storm events or hzavy use.
* Bechape pad as needed for drajnage and runoff control.

* Topdress with clean stone as needed,
= Immediately remove mud and sediment iracked or washed onto public roads by brushing or

sweeping, Flushing should ondy be used if the water is copveyed into 2 sediment rap or basin,
¥ Fepair any broken road pavement immediately.

Comunon
CONCRNS
(Exhibit 3.01-D)

fnadeguate runoff controb—resulis in sediment washing onto road (see Exhibiz 3.0,

Stone too small, pad feo thin, or gestextile Tabeic shsemi——rosulis in ruts and 2 muddy condition as
sione is prossed into the soif add more stone.

Pad ta0 short for beavy construction traffic——extend the pad beyond the 50-f. lengih as neaded.

Pad not flared sufficiently ai road entrance—results in mud being tracked onto the road and e
ble damage to the road edge: widen stone entrance and repair road damage.

Tinstable foundatisn—use geotoxtile fabric under the pad and/or improve Toundation drainage.

Exbibi 10700, madeguate rnaif cantrol allows sediment to be fracked or washed onto the road and into
ST SEWers,




itization)

(Fxhibit 3.02-4)

* Tg provide  suftable solf medinm for vegetative growlh on aIeas W ith poor moisture, low auin-

ent levels, undesirable pH, and/or the presence of other materials that would inhibit establishment

of vageigton.

Euhibit 30244, A sl fence barrier refains the storad topaail gl this homesite,

Requirements

Winteriak Wormally datker, friable, and loamy surface soil laken from areas that have not been

stripped or graded.
Storage areq: Rﬁ;}é free of shumps, 100K, gme,% construction debris.
Preferred site conditions: Flatter than 2:1 and free of aoxions weeds,
R{emm&Ef%ﬁ;&m@ﬁ!m»%g}rmémﬁ pian: Weeded (o assurs Hest OpCTALIons W All be compatible w ith

averall construction activities at the sife.

M@@ %mﬁ

Y -

SALVAGING AND STOCKPILING TOPSOLL

E" Detorming depth and suimbiiiy of f topsoil at
to obtain & county soil survey report of consult with 2 soil scientist)

. Prior to stripping topsoil, install any site-specific downsiope practices needed 16 control rmnoff

and sedimentation,

Remove the soil material no degper

{i.e., A or Ap hoTizon).
4. Stockpile the material in accgssibls | incations that neither interfore with other consiyucbon aciivi-

ties nor block natural drainage; and instal] silt fences, straw bales, o pther barniers 1o UE p gedin

ment (ses Exhibit 3.02-1). { (Geveral small piles around the construction site are usually ¥ & i

ficient and pasier 0 conain than one lavge pile)

1 soil is stockpiled for more thao & o, it should Do wmpd srarily seeded or covered with a tarp of

surrounded by a sediment harvier,

TPREADING TOPSOIL

1. Prior to applving topsoil, f‘”&ﬂ«, the subspil and roughen the top 3-4 in. by disking This holps
the topsil bond with the subso

5 Do not apply topsoll when the § ite
inhibits bonding, and can cause COMpR action problems.

e site. {For help, contalt your tocal WD olfiice

)

shgn what the county soil survey describes as "surface soil”

Lk

LA

s wet, muddy, 07 {HezZen, hecause it makes spreading diffiuls,

vl

[
]
ul
i
s



3. Apply topsoil evenly to a depth of ai feast 4 in. (8-12 in. if the underlying material is bedrock,
inose sand, rock fragments gravel, or other unsuitable sof! material); then compact slightly to im-
preve contact with the subsoil.

4. Afier spreading, grade and siabilize.

Eyhiblt 3.02-8, Here 3 straw bale barrier is being used to retain the topseil.

* Inspect newly topsoiled areas frequently until vegetation is ssiablished.

Maintenance
* Renair eroded or damaged areas and revegetais,
Common Topsoil spresd when conditions were too wef—results in severe compaction,
COnCems Topseil mized with too much unsaitable subsofl matecial-—resulls in poor vegetation establish-

et
Topsoil contaminated with soil sterilants or chemicals—results in poor or no vegetation establish-

ment,

Topsoil not adeguately incorporated or bended with the subsoil--results in pooy vegeiation estab-
tishment and soil slippage on sloping arcas.

Topsoiled areas not pretested-—rosulls in exoessive crosion.




 Practice 3.03
ace Roughenin

&Q

(Fockibit 3.03-4)

* To aid in the establishment of vegetative cover fom seed.
* To reduce runoff velooity and increase infiliration.
¥ To reduce erosion and provide for sediment trapping.

Eyhihit 3.63-A. Surfzee resghening by bulldozet cieats.

Where used

35 2l slopes that arc 1o be stabilized with vogetation.

Omn graded areas that are not cabilized immediately, in order 10 e
wkes place. (NOTE: Although appearing finished, graded areas with smooth, hard surfaces are
difficult places on which o esiablish vegetation. }

1ce runofl velociy until seeding

Imsialiation
{Exhibits 3.03-5,

POUGHENING CUT SLOPES NOT TG BE MOWED:
1. Stair-step grade or groove any out siopes having & gradient steepar than 31, (Use mair-siep
grading on any erodible smaierial soft enough to be ripped with a bulldozer, particularly on slopes
consisting of soft rock with some subsoil.)

. To swir-siep, (3) make e vertical cnt distance lees than the herizonial distancs, {B) make zach
vertical cut no more than 2 fi. in scht material or 3 fi. in rocky material, and (C) dightly stope the
horizontal position of each "step” in soward the vertical wall {see Exhibit 3.03-8).

3. To groove, (4} use implements shat can be safely operated on the siope (e.g., disk, tiler, apring
harrow, front-gnd buckst loader teeth} to oreale & series of ridges and depressions thal run aC7oss
the stope on the contour, and (b) make grooves at keast % in. deep and no mores than 15 in. apart
(see Exhibit 3.93-C).

OUGHENING FILL SLOPES NOT TO BE MOWED {see Fxhibir 3.03-D).

. Place fill slopes having a gradient sicoper than 3°] in 6-8 in. 1ifis and compact each lift.

Cover the face of the slope with 4-6 in. of loose, unoompacted AlL

o roughen the face of the siope, but do not blace of

3

Led b e D

¥f necessary, use grooving as described shove t
sCrape.

ROTGHENING SLOPES T BE MOWED:

1. Make slopes to be mowed no siecper than 311



&3

2N

Debris fom slope shove 5
caught and held by the
sieps. Plants can beooms
sstabfished o the sleps.

Exhibit 3,055, Surface roughing of 8 out slope by stal-stepping, with the vertical cut distance less thars the

horizontsl cut distanoe.

Garooving s culling
furveses along the conlolr

of the slope. Irreguisrties in
the goif surface esleh rainwater
and provide some coverags of e,
fpriiizer, and sead,

Ty AL
Each i of the i s comescied, but the outer Tace of the slope s alioweo lo
remain nose so that rocks, clods, eic. reach the natural angle of repose,

Exhibit 2.03.0. Filslope treatraent for an ares that is not o he mowed,




2. Using a diler, disk, harrow, of cuttipacker {0 Toughen the slopes, creating shallow grooves no
more than 10 in. apart and at st 1 in deep.

3 Make the final pass of tillags implerent on the CoRtour.

ROUGHENING AREAS WITH TRACKED MACHINERY:

1. Limit roughening with seacked machinery W sandy of relatively dry, finer-textured soils 1o avoid
andue sarface compaction, {1 racking is generaily not as effartive a8 the other roughening meth-
ods.}

3. Operate the tracked machinery up and 4o0Wn the slope 5o as o leave horizontal depressions in the

Exhibit 1.03-Fy (Do not hack-blade during the final grading operation.}

soil {ses

Tiezer treads craste
GTOWVES nerpendiouiar ..,
thg SloTE.

i

king with bulidozer cipaty, which creale grooves per-

Eyhinit 3.0%-F. Surfzce roughening 445 ine gone by rad
perdizular o the stope.

CEEDING/FERTILIZING/MULCHIN G ROUGHENED AREAS:
1. Immediately seed, fertilize, and muich surface-roughencd arcas whils soil is loose and moist o

. ey

2id germingtion and prowih (Practices 711, 3,12, and 3150
7. I roughening with rracked machinery, consider seeding, ferdlizing, and mulching first, letting

he cleats incorporate the seed and fertilizer and anchor the muich. (This is especiaily well sulied

for tomporary seedings when simeiiness is critical and other coipment 18 unavailable o plant)

* Poriodically check seeded slopes oy rills and gullies.

Maintenance
® Fill any eroded areas o stightly above the original grade, then remseed and mulch as s0on as possi-
i
Corrmon Gevere compaction duc o squipment gperation—Tesulis in unsuitable seedbed and poor vegsialive
CONCEms gxtablishment.

Rough areas difficult te mow—oaused by cutting grooves oo deep of XCESSIvE grogion from

grooves BT Being on the coniour,

Grooving done perpendicular, rather than parallcl, to siope-—resulfs in accelerated erosion.
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Temporary Seeding

Purpose
(Exhibit 3.11-4)

# To reduce erosion and sedimentation damage oy stabilizing disturbed areas whers additional work

{e.g., grading} is nol ccheduled for a period of 2 mo. to 1y
% To reduce problems associated with mud or dust From bare soil surfaces during constrocion.
= T reduce sediment runofd (o downsireatn aTeas.
* Ty improve visual agsthetics of the construction AYCas,

Eyhinit 5.19-5. A temporary seeding of wheat (o reduce erosion on 2 fulure home ot

Site and scedbed preparation: Graded and fertilizer applied.

Requirements
Plant species: Selected on the hasis of guick germination, growth, and time of year to be seoded
{see Fxhibit 211-B}.
Mnlch: Clean grain straw, hay, wood fibre, etc., io project seedbed and enconrage plant growth
Geeding frequency: As ofien as possible following construction activity. Daily seeding of rough
graded areas when the soil is loose and moist is usually most effective.
ﬁ@}gﬁgjaﬁ@ﬂ SITE PREPARATION:
nd water runoff, such a8 mMpoIay

(Exhibit 3.11-8)

i, imstall practices aeeded to control erosion, sedimmentation, &
and permanent diversions, erdiment traps or hasing, silt fences, ane steaw bale dams (Practices
3.21,3.22,3.72,3.73, 374, and 3.75%

7. Grade the site as specified in the construction plan.

SEEDERDR PREPARATION:

1 Tect soil in deferming s nuitient tevels. (Contact your county SWOD or Cooperative Extonsion
affice for assistance and soils informaton, including available soil testing services. )

5 Fertilize as recommended by the soll test. ¥ testing 15 not done, consider applyving 400-600 lbs./
acre of 12-12-12 analysis, of equivaiont, fertilizer.

T Worlk the fertilizer into the soit 24 in. deep with a disk or ake operated across the stops.

SEFEDING:

. Select s seeding mixture and 13
Apply ssed uniformly with a drill or culiipacker-ses
depth shown in FxAibif 5. Pi-B

Tisrt

e from Exhibit 3.171-B, and piant at depth and on dates shown
der or by Boadeasting, and cover o ihe

Fod pest

£ad
Y
b
]
et



A L

If drilfing or broadcasting, firm the seedbed with a moiler or cultipacker.
 WMuich seeded areas to increase seeding success. Ancher ail mulch by crimping of tackifying.
IJse of netling or erosion control blankets is possible, but may not be cost-cfective for iempoiary

seedings.

Exhibit 3.19-8. Ternporary Sesding Recommendations.

Seed species™ Bate/acre Planting depth Oiptimum dotes®®
Wheat o rye £50 Ibs. Tio T4 in 9715 to 16/30
Spring oais 100 Ihs. 1in, 3/t w4715
Annugl ryeprass 44 the. /4 in. 35w A1

B/l 91
Gerragn millet 48 o, twlin 51w ol

Sudangrass 35 Jbs. fwldin 61 40 730

* Parpanial epecies sy be used 55 2 femporsry cover, espectally ¥ the ares 1o be seeded will rermain idle for

more than s vear (Practive 3,12}
% Geoding done outside the optiim dates increases the chances of sceding fatture.

Bazintenanee

* Inspect periodically after planting to see that vegetative stands are adequately established; re-seed

i necessary.
* Check for eresion damage after storm evenis and repair; reseed and muaich if necsasary,

* Topdress fall seeded wheat or rye seedings with 30 tbs./acre of nitrogen in Fobruary or March i
nitrogen deficiency is apparent. (Exhibir 3.11-F shows only wheat/rye fail seeded )

Common
COnNnarm

Fertilizer not incorporated at least 2 in. deep—may be lostin runoff or remain conconirated near
the zurfece fo inhibit gormination,

ulch rate inadequate—resulls in poor germination and fatlare,

Seeding uneven or rate too low—resulls in patchy growth and grosion.

3412




Practice 3.12
_ Permanent Seeding

Purposes
(Exhibit 3.12:4)

# Ty reduce erosion and sedimentation damage by stabilizing exposed arcas where additional work
{e.g., grading) is Dot scheduled for a peried of more than 2 year OF 3¢a% where final grading has
been completed.

% To reduce problems associaied with e or dust from bare sot! surfaces during gonstrection,

# T veduoe sediment runofl fo downsizeanm 312as.

# Ty improve the visoal acsthetics of the construction arca.

Bl 3.99-5, A& rosd rightofway Hefl) newly perraanent seeded and mstehet and irohit) § mo., laten

Reqguirements

Site and seedbed preparation: Graded and lime and fertilizer applied.

Plant species: Setected on the hasis of soil type, soil pil, region of the state, time of vear, and plan-
sed use of the area 1o be sceded (see Fxhibir 3.12-C).

Wialeh: Clean prain siraw, hay, wood fibre, efc., (o protect seedbed and encourage ptant growih.
The mulch may need o be anchored (o reduce removal by wind or waley, oF srasion conircl
Blankets may be considered.

Application
(Foyhibies 3.12-B,
. and D}

Permanently ssed all final grade areas (€2, landscape berms, drainage swales, erpsion conirol
structures, efc.) as each is completed and alf areas whers additional work is not schednled for a peri-
add of more than a year,

SITE PREPARATION:

1. Install praciices nesded 10 control erosion, sedimentation, and runoff prior Lo seeding, ¥
clude termporary and pormanent diversinns, sediment traps and basins, silt fences, and straw bals
dams (Practices 3.21, 3.22, 372, 373, 3.74, and 3.75)

3 (Grade the site and il in depressions that can collect waicr,

3. Add topsoil to achisve needed depth for establishment of vegetanion (Practice 3.02).

Bl it

SEEDBEDR PREFARATION:

1. Test soil to determine pFl and murient fevels, (Contact yous county SWOD or Cooperative Ex-
tension office for assistance and soiis information, including available testing services.)

3. ¥ soil pH is unsuitable for the species to be seeded, apply lime according 1o test recommmenda-

Hons.



3. Fertitize as recommended by the soil test. I testing was not done, consider applving 400-600
The facrs of 12-13-17 anslvsis, or equivalent, fortilizer,

4. Till the soil to obtain 2 uniform seedbed, working the fertilizer and lime into the soil 2-4 in. deep
with a disk or rake operated across the slope (Exhibit 3.12-8).

SEEDING:

Optimum seeding dates are Mar, I-May 16 and Aug. 16-Sept. 30, Permanent sceding done between

May 10 and Aug. 10 may need fo be frrigated. As ap allernative, use temporary seeding {Practics

3,11y il the preforred date for permanest seading.

1. Select a seeding minture and rate from Exhibiz 3.12-C, hased on site conditions, soif pH, in-
tended land use, and expected level of mainienance.

2. Apply seed uniformly with a drill or cultipacker-seeder (Exhibit 3.12-02) or by broadeasting, and

cover to & depth of 1/4-1/2 in.

If drilling o7 broadeasting, firm the seedbed with a roller or cultipacker.

4. Muleh all seeded areas (Practice 3.15). Consider using erosion controf blankets on sloping areas
{(Practice 3.17). (NOTE: I seeding is done with a hyvdroseeder, fertilizer and mulch can be ap-
plicd with the seed in a shurry mixture)

sk

Eyiibit 2.12-8. Preparing the seedbed with 2 combination rofo-tiller and cultipacher,

Prhibit 3.12-0, Permanent Seeding Recormmendations,

This table provides several seeding options. Additional seed species and mixiures are
avaifabie commercially. When selecting a mixture, consider site conditions, includ-
ing soil properties (e.g., soil pH and drainage), slope aspect and the tolerance of
each species fo shode and drougliiness.

Beed spevies and mivtures Hate per acre Cptimum soif pH

OPEN AND DISTURBED AREAS (REMAINING IDLE MORE THAN 1 YiL}

1. Perennial rvegrass 45t 50 fha. 56w 7.0
+ white or lading clover® 1o 2 s
2. Kentucky bluegrass 20 ks, 55w 1.5
+ smonth bromegrass 10 lbs,
+ gwitchgrass 3 b,
+ pmothy 4 ibs.
+ perennial ryegrass 1} ibs.
Vg 2 Ibs,

-+ white or ladino clover*




Eyhibi 3,120, Confinusd.

Serd species snd migtures

Raie per acre

Optignum soil pHE

3. Perennisl rvegrass
+ gatl fesoue®*
&, Tall fescup™™
+ lading or white clover®

15 4 30 ibs.
15 o 30 Ibs
35 ¢ 50 ths
1t 2 Tos,

561w 7.0

5.5

STEEP BANKS AND CUTS, LOW WMAINTENANCE AREAS (ROT MOWED)

i, Smooth bIomegrass
+ red clover®
2. Tall fescue®®
+ white or lading clover®
3. Tall fescue®®
+ red clover®
(Recommended north of 15 400
4, {Orchardgrass
+ yed clover®
-+ Iadino clover®
5. Crownvetch®
+ tall fzscup™®
(Recommended south of US 40}

55 10 55 s
1010 20 Ibs.
35 ¢ 50 the
110 2 ths

3% 10 50 s
10 10 20 fbs.

260 10 30 ths
1010 20 Ths.
1o 2 lbs,

0 12 s
20 10 30 ibs,

LAWNS AND HIGH MAINTENANCE AREAS

i, Bluegrass

3. Pevennial rvegrass (turf-iype)
+ bluegrass

1. Tall fescve {turf-typey**
-+ bluegrass

BT S
Bees Bt

CHANI
1. Perennial rvegrass

+ white or ladino clover®
7. Kentucky bluegrass

-+ gmooth bromegrass

+ switchgrass

+ rimothy

+ pereroual ryoprass

+ white or ladino clover®
4. Tall fescue™*

+ lading or white clover®
4, Tall fescue™®

+ Perennial ryoprass

+ Kentucky bluegrass

105 1o 140 ths.
45 60 1bs.
T8 1 90 Ihs,
130 1o 170 s,
70 10 30 e,

AND ARBAS OF CONCENTRATED FLOW

100 1o 156 ibs.
¥ o 2 ibs,

20 ibs,

10 ibs,

3 s,

4 fbs.

10 ibs

1t 2 bl

100 1o 150 ths.

1o 2 ibs

100 4o 150 Tbs.

1510 20 s
15 1o 20 dbs,

A5 75
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= For hest resuhis: () legume seed should be inoouiated; (b} seeding it
full-seeded and the legume fost-seeded {Praciice 3.13% and

erably be spring-sesded, although the grass may be
() f lepumes arc fall-seeder, do 5o bn sarly fall,

wr T3l fosoue provides Hitle cover for, and may be Loxd

ths need for additional research on sliernatives 10 tnlf fes
grass, and switch-grass. This ressarch, in conjunchion

characteristion, wildiifs lowicity,

NOTE: An eal or wheat companion oF nurse
If s, if is best to seed

permanent seeding WIXIres.

pecially after Sept 15 and at the following rates; spring Jelei e

wheat-—-no more than 172 bufacre,

el durability, and drought resiFlAnCE.

o fo, SOME FPECIES of wildhife
=, such as buffalograss, orohardegraas, smeoth brome-
demmenutration areas, shoukd foous on pronion conral

ox contsining lepumes should preb
Z leg ¢

crop may be used with arw af the ahove
during the full seeding period, es-

g o 304 bufacre;




Euhinit 3,12-0, A& cultipacker-sseder,

Baintenance

* Inspect periodically, especially affer storm events, until the stand 13 sucoessfully corablished.
{Characteristics of a successiul stand include: vigorous dark green of bluish-preen seedlings; uni-
form density with nurse plants, legumes, and grasses well inter-mixed; green leaves; and the per-
sunials remaining green throughout the supumer, at least st the plant base.}

*® Plan 1o add fertilizer the fnllowdng growing season according to soil test recommendations.

* Bepair damaged, bare, or sparse areas by filling any guliies, re-fertilizing, over- or re-sseding, and
mndching.

% ¥f plant cover is sparse or patchy, roview the plant materials chosen, soil fertility, moisture condi-
tion, and mulching; then repair the affected arca cither by aver-gseeding or by re-seeding and
mulching after re-preparing the seedbed,

* I vegetation fails to grow, consider soil testing to determine acidity or nutnient deficicnoy prob-
fems. (Contact your SWCD or Conperative Extension office for assistance )

* Jf additional fertilization is needed to wet a satisfactory stand, do so according to soil test recom-

mendations,

Commrnon
CONCETS

Insufficient topsoil or inadeguately tiled, Bmed, and/or fertilized seedbed-—resulits i 00T £5-

tablishment of vegetation.

Ynsuitable species or seeding mixture—resubs in poor establishment of vegetation.

Nurse crop rate t6o high in the mixture—resulis in competition with the perennials.

Seeding done at the wrong time of year—resuits in poor sstablishment ofvegetanion, alse plant
hardiness iz significantly decreased,

Wiunlch rate inadeguate—results in poor germination and failurs.




Purposes
(Exhibit 3.13-4)

Dormant sgeding is & [Smporary of permanent seeting application af & Hime when soil termperafures
age o0 low for germination to ocour (less than S0°F). Frost seeding is a temporary of perTnanemt
seeding application in early spring when soils are in ihe freeze-thaw stage. (This practice can be
used 1o repair or enhance arcas having thin or declining cover of I To-Vegelae an BT

# T provide esrly germination and soil stabilization i the spring.
+ T yeduoe sediment runofl o JOWnSUCRI ATCAS.

* Tp improve the visual aeathetics of the constracton area,

* To yepair previous scedings.

ExhibR 3.95-4. Lse of dormant seeding could have reduced srcessive early spring srosion on this sile.

Gite and seedbed preparation: Graded as nesded, and lime and fertilizer apphed.

Reguiremenis
Plant species: Selected on the basis of soil type, adaptability to the region, and planned use of the
arca {see Exhibits 3.13-8 and 3130
Application SITE PREPARATION:

(Fxhibits 3.13-5

ard {:'/!

1. Orade the area 1o be seeded.
7. Instal noeded erosiop/water runoff control practices, such as (Cmporary of permanent diversions,
372,374, 00 3.75%

sedirpent basins, silt fences, of sUaw tale dams (Practices 321, 3.2, 5.0
FOR DORMANT SEEDING:
Site and seedbed nreparation and mu
existing ground cover is adequats, secding can be done directly inio it
Seeding dates: Dec. 1-Feb 28 (north of U.5. 40}, Iec. 1G-dan. 15 (somh of U5, 407
i Broadsast fertilizer as recommendad by 2 saif test; or if festing was not dons, copsider appiying
A00-600 Ths jacrs of 12-12-12 analysis, or equivalent, fertilizer.
Apply mulch upon completion of grading fPractics 315}
_ Select an appropriate seed species of mixture from Exiibit 3.13-1 for temporary seeding or £x-
hibit 3.13-C for permanent seeding, and broadeast on top of the muich andfor info existing
ground cover at the ate shown. {If site preparation OCCurs within the recommended dates, Tertii-

iching can be done months ahead of actual seeding; or i the

tad B2

ize and Hme. seed, and mulch at that time.]

213



FOR FROST SEEDING: _

Seed is broadoast over the prepared seedbed and incorporated into the soil by natural freeze-thaw ac-
Hon.

Seeding dates: Feb. 28-Mar, 28 (north of LS. 40), Feb, 15-Mar. 15 (soulh of 115, 40},

1, Broadeast fertilizer as recommended by 2 soil test or i testing was not dons, consider applving
400600 fhs./facre of 12-12-17 analysis, or equivalent, fertilizer,

2. Selsct an aporopriate seed species or mixture from Exhibit 3.13-B for temporary sceding or Fx-
Aihit 3. 13-C for permanent sesding, and broadeast on o the ssedbed or into the exdsting ground
cover at the rate shown. (Do not work the seed info the soil )

Exhibif 2,458, Temporary Dormant or Frost Seeding Recommendations,

Seed specios® Raie per sore

Wheat or rve 154 Ibs.
Spring oais 154 ths.
Anpual rvegrass &0 ths.

may be used as & lemporsry cover, sspesially i the ares 1w be

* Perennial spacis
seeded will rernain idhe for mors than & vear {Practice 3,123

Eehibit 3,13.-8, Permanent Dormant or Frost Seeding Recormmendations,

This toble provides several seeding options. Additional seed species ard mixtures are
avaifable commercially. When selecting o mixture, consider site condifions, includ-
ing soil propertics (e.g., soil pif and drainage), slope aspect and the lolerance of
each species ko shade ond drovghiiness.

Seed species sod mivtures Rate per aere Diptmpum seil pH

OPEN AND DISTURBED AREAS (REMAINING IDLE MORE THAN 1 YR}

3. Pevenndal ryegrass
+tall fescue®*
4. Tall fosoue™*
+ kadino or white clover®

&, Crownvetch®
+ tall foscipe®®
{Recommended south of US 48)

221045 lbe
50 e 78 fbs,
Pt 3§ ihe

Hiio 45 ths

1. Perennial ryegrass 5010 75 1bs. 261 7.0
+white or ladino clover* 1% 10 3 tha.
2. Kentmcky bluegrass 30 Ibs, 55w 7.5
+ smoeth bromegrass 15 ths.
+ swichgrass 5 ihbs.
+ simnothy & ths.
+ perennial rvegrass 15 Ths.
+white or lading clover™® 110 3 fps,
2% 0 45 os. 56070

STEEP BANKS AND CUTS, LOW MAINTENANCE AREAS (NOT MOWED)

i. bmooth bromegrass 350 30 kbs. 55175
-+ regd chover™® 1510 30 s,
2 Tali fescue™® A0 7S s ESim T3
+white or lading clover® P 3 ibs
3. Tall fesoue®® 50075 s, 55w 7.5
+ red clover® 15t 30 tbs.
(Recommended north of US 403
4. Orehardgrass 3010 453 Ibg, F6in7.0
+ ped clover® 15 0 30 b,
+ lading clover® v ta 3 ths
1540 18 Ibs. 6w R0




Syt 5.15-0. Conlinged.

Seed species and mixtares Hate per aore Optimum soil pH

LAWHNS AND HIGH MAINTENANCE AREAS

1. Bluegrass 160 to 218 fbs, 551078

5. Perennial rvegrass (turf-ype} o 90 Tos. 561070
+ bluegrass 135 to 135 Ibs,

3. Tall fescue {nurf-type)™ 195 1o 250 1bs. S6w 75
+ bluegrass 40 1o 45 s

CHANNELS AND AREAS OF CONCENTRATED FLOW

1. Perennial ryegrass 1560 1o 225 bs. A6t 7.0
+ white or ladino clover® 145 10 3 Ibs,

2. Kencky binegrass 30 Ibs. 55t015
+ smmnoth bromegrass 15 fos.
+ switchgrass 5 Tos
+ fimothy & Tos.
+ perenmial ryegrass 15 tos.
+ white or ladino clover™ 1% 103 tbe,

3, Tall foscue™® 150 10 225 tbs. F55w75
+ ladino or white clover™ 14 0 3 Tbs.

4. Tall foscoe™ 150 to 225 1os, 55w 7.5

+ Pereonial bluegrass 2 tey 30 Ths.
+ Keatucky bluegrass 2210 30 e,

* Fir best resulis: {2) legume seed showld be inoeulated; (B soeding miznares eontaining legumes
should preferably be spring-zocded, although the grass may be taliseded and the legume frost-sended;
and (o) if legumen are fali-ceeded, do 5o in early f2i
£ Tt foorny provides Hitle cover feyr, wnd may be toxit 10, SDME spocies of wildiife. The TRNE seo-
ognizes the need for siditional research an alteynatives to all Sescue, such &8 buffeiograss, orchand-
grass, smooth DromEgrass, and switch-grass. This research, in conjunation with demonsiranon areas,
shvould foous on erosion contyol characteristics, wildlife toxicRy, murf durability, and drought TESIStEALD.
NOTE: If using mixures ather than shose fsted hers, increqse the seeding rafe by 56%

over the comventional raig.

* Apply 200-300 Ibs. /acre of 12-12-12 or equivalent fertilizer herween Apr. 15 and May 10 or dur-

Maintenance
ing periods of vigorous orowtis,
& P eceod and mulch any arcas that have inadequate cover by mid- fo tate-April. For best rosults,
ce-sead within the recommended dates shown in Praciices 3.11 for temporary seeding or 332
for pormanent seeding.
Seeding done ai wrong thme of vear-—resulis in poor seed cermination and vegetative stands.
n g & k P E
Snncerms Seeding on too S1eEp & slepe—results n seed loss and poor stands.

Seeding failure due to late froeze, killing permingted seediings,

Miplch rate inagequate--resulis in poor germination and failure of dormant sseding.

Tinsuitable cholee of seed species of seeding minture--resulis in poor vegetative stands or vegela-
vion that doss not serve the intended purpose.

resulis in poor seed germination and vegetative stands.

Poor soil and seed conlact--re
Thormant sesding over mulch or frost seeding in concentrated flow areas—can result in soed be-

ing washed away hefare seed-soil contact and germinalion can ocour.







* Ty stabilize disturbed areas by egablishing permanent grass stands with sod.

Burposes
(Exhibit 3.14-4) * To provide immediate vegetative cover of critical arsas, channels, and sediment controf swachures.
* Tg prevent erosion and damage from sedimentation and roncil
% Tp reduce the problems associated with snud or dust from bare soil suriaces.
¢
}
Eyhiiit 3,445, Brass sod instalied on 2 womesite brings instant erosion cordret as well as instant beatty.
Reguirements Site and svedbed preparation: A smooth, firm soil swrface, with lime and fertilizer applicd.

Plant material: High-guality, healihy, vigorous sod of a variety well-adapted to the region and
compatiple with 4o intended use, {Selection of varieties is nsually much more limstied than
when establishing vegetation from send.}

Trrigation: As peeded 1o ensure rooting of sod,

instaliation Sod should not be installed on bot, dry soil, frozen seil, compacted clay, gravel, of pesticide-treated

(Exhibits 3. 14-B, soil. The ileal fime 0 sod is May 1-fune 1 or Sept. 1-Oct, 20, although it can be installed 28 carly

‘{: and D) 25 Mar, 15 if available and temperalires are shove 2°F or fune 1-Sept, LI irrigated. {To help re-
tain moisture when irrigating, cover the sod with a uniform layer of straw mutch 142 in. thick or so

the prags is barely visible through the muich.}

SITE PREPARATION:

i Install any prachoss needed to control erosion, cedimentation, angd runofl, such as diversions,
sediment basins, silt fences, and straw bale darms (Practices Ty, 322, 372,574, and 3.75%
Break up compacted soils suffimiently o create a favorable ronting depth of 6-8 in., using & chise

2z 4'

el, disk, harrow, of rake.
3. Apply wesoil if the sie i atherwise unsuited for establishing vegetation (Practice 3.02).
4, Shape, smooth, and firm the soif surface,

SOD-BED FREPARATION:
1 Have the soil in the sod-bed wected o determine its pEl and nutnent fevels. (Contact your cowaty

[

WO or Cooperative Extension office for assistance and soils information, including avallabls

testing Services.)
3041



3142

2. I soil pH is too acidic for the grass sod to be installed, apply Bme according (o fest rosulis or at

the mte recommended by the sod supplier.
3. Fertilize 25 reconunended by the soil test. If testing was not done. consider applying 400-600

tbefacre of 12-12-12 analvsis, or equivalent, fertilizer.
t Waork the fertilizer and Hme into the soil 1o 2-4 in. deep with 2 disk or rake operated across the

slope.
Rake or harrow fo achieve a smooth final grade, then roll or culti-pack to creste a firm surface on

which 1o lay the sod.

LAYING THE 50D
1. K possible, insiall sod within 36 hos. of s harvest (sge Fxaibit 3.14-5).
Siore the robls of sod in a chaded place during instalation.

i

2.

3. Immediately before laving, rake the soil surface to break any crust and irngare lghtly if the
weather 1s hot.

4. Lay the strips of sod in a brick-like paticrn {ses Exhibis 3.14-C).

5. Butt all joints tightly against each other (but do not stretch or overlap them), and match angled

ends correctly to prevent voids, using a knife or mason’s trowel to trim and it irregularly shaped
arens (see Exhibif 3. 14.13,
&. Roll the sod lightly after installation to ensure a firm soil contact

&, Jrrigate the sodded ares until the soil 18 wet 1o 2 depth of 4 in | then keep meist unil the grass

takes oot

Exhibi 3148, install rolied sod within 36 Exhibit 3,94-0. Lay the strips of snd in a staggered, brick.

hirs, of harves! keep ¥ shaded af the gite, fefe fasilon.
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Exhibit 1.14-0. Buit the sod sirips tyhlly against sach other, using 4 sharpened mason's frowel 1o angle and

sk down the ends,

SLOPE APPLICATION:
L Install the sod streps with their longest dimension perpendicaiar o the slope.
. Where slope excends 301, staple or stake each strip at the corners and in the middie

CHANNEL APPLICATION:
{Sodding provides auicker protoction than seeding and may 1

Lo

educe the risk of carly washout



Use the type of sod specified in the channe! design.

{yver-cut the channel the full thickness of the sod.

Staple or stake gach sirip af the porners and in the middle.
For further protection against washowt during establishenent,
pylens nefting over the woddded aren .

peg uls of biodegradable polypro-

:b« fad B3 oot

Maintsnance

% Keep sod moist until fully rooted.

¢ Afior it is well-rooted (2-3 wks.), mow 0 4 height of 2-3 in

% Tyg pot remove mors than one-third of the shoot in any mMOWing.

* Fertilize permancnt fine turf areas annualiy-—Warm-5eason grass in Jate spring 1o carly SUMITET,

conl-season grass in lafe winter and again in early fall

Cormmnon
LORCems

sl or unsiitable srface—grass fails to root and dies,

Sad laid on poerly preparcd
lation—resulis in root die-hack bocause the grass 4ot not

Sod not adequaiely irrigated afier instal
oot rapidiy,

Sod not anchored properly-—sod may e loogened and displaced by runolll

Sod laid paralie? to chapmel flaw-—sod may be distodged easier in heavy runoff or water may Cil
rifls between sod stnps.

Snd not Laid in brick-dike patiern—aliows long continuous channels 1o develop berween the sUibs.







Purposes
(Exhibit 3.15-4)

* T prevent erosion by profecting the soil from wind and water impact.

* To provide 1emporary surface siabilization,
* T prevent soil from crusting.

* Te ppnserve mojsmre therehy promoting sesd germination and seedling growih.

3

Eyitibit 1.15-8, Applying straw mulch with & chopper-hlower O treshly seeded soif adjacent fo s rosad,

Reauiremants
(Exhibits 3.15-B
and O}

olulose, or excelsior (562 Exhibit 3.15-B3, or erosion control

Migterial: Straw, hav, wood fiber, ©
73.17 and 3,18}, 48 specified in the srosion and

wlankets or furf reinforcement mals (Practices
sedimment control plan.
Coverage: Aileast 75% of the soit surface.
Anchoripg: Reguired for straw of hay muich and sometimes excelsior 1o prevent displacement by
wind and/or water {seg Exhibif 3. 15

Eahibif 3.95-8, Mulch sEaterials, Rates, and Compnenis,

Material . Rate ~ Comments
Straw o7 hay 1¥4-3 Should be dry, unchopped, fres of
fons/acre undesirable seeds.

Spread by hand of maching,
Wiust be crimped or anchored {(soe
Fxlibit 3.15-D).

Wood fiber or 1on Apply with a hydromulcher and nse
gelhiiose facre with tacking agent.

Long fiber wood 1234 Awchor in arcas sublect 0 wind,
fexcelsion) on/anie




Eghibi 5,15.0. This unsnchere:d steav rlch Bowed with runolf to the storm drain. Whils acting sornewhist
26 an infel protection fiter, & would have been mure sffective keeping soif from eroding off the site.

Application
and anchoring
Fxhibits 3.15-D,
Foand £

o

Appty mulch gt the recommended rate.

Sprend wniformiy by hand, hay fork, mulch blower, or hvdromulcher. Afier spreading, no more

than 25% of the ground surface should be visible :

o siraw or hay is used, sachor it immediately one of the fotlowing wavs (sos Fxhibit 3. 13-Dy:

- Crimyp with 2 mulch anchoring sool, 8 weighted farm disk with dull serrated blades sof straight
{see Kxhibit 3.15-E), or track cleats of 2 bulidozer; UR

- Hydromuich with shori cellulose fibers (see Fyhibir 3 15-Fy, OR

- Apply a Howd tackifier; L0

- Cover with netting secured by metnl staples,

Exhibif 3,150 Mulch Anchoring Methaods,

Anchoring method How to apply

Mulch anchoring ool OR

Farr disk (dull, scrrated,
and sof straight)

Clearing with dozer wacks

Wond hydromuich fibers

Asphalt emulsion

Synthetic tackifier, binder
or aodl stabilizer

Biodegradable netting
{pobvpropyiens or sigd-
lar materiall®

Crimp or punch the straw or hay into the soil 2-4 i,
Operate machinery on the contour of the slopz.

erate dozer up and down slope, not 207oss, or else
the tracks will form rills,

Apply 1-2 tonsfacre using a hydromulcher at & rate
of 750 ths facre with z tacking agent (or according
to contractor specificadons). Do not use in areas
of concentrated flow,

Emulsified asphait should conform to the require-
ments of ASTM Spec. #977. Apply with suitable
equipment at a rate of 0.03 gal /sq. vd. Do not use
in arcas of concentrated fHow.

Apply according o manufacturer’s recomme welation.

Apply over muich and staple with 6-8 in. wire staplies,

oliow manufacturer’s recommendarions for instai-

b

ation. Pest suited w stope application.

[

* Ingtal] the netiing nediately af
to the direstion of flow, an ether siopes, lay it ehther parallel o perpendicular to direction of flow. Edges of &

ter applving i miich, In sreay of concentrated waier fow, lay i paraliel
1

ST

-

iacent netiing strigs should overlap 46 in., with the sinip o the upprade side of sny lateral watsy flow on top.
fmstaliation details are zie spacific, so follow manufasiurers dirgctions.




Eghibit 3,455, A crimper can be used 1o apchor muich inte the soil more securely.

Exhibit 1458, Hydrosseding the roadside in & new subdivision.

* Tnepect after siorm cvents 10 cheek for movement of mulch o for CTOSION.

Maintenance
* I washout, brealage, or eT0Sion is preseit, £o] air the sorface, then re-secd, re-mulch and, if appli-
cable, install new neiting.
* Continus inspections until vegetation is firmly estabjished.
Cormmon Inadequate coverage—resulis in evasion, washout, and poor plant establizhment.
COnCems Appropriate tacking agent not appiied or appiied in insufficient amount—results in mulch bemg

fegt o wing and renof

Fiow (oo concentrated to use SIFAW WA
conirel blankets and/or o diversion pntil vegstation is established. _

Hydromulch applicd in winter—resuiis in deterioration of mulch before plants can becore sstab-
tished, :

Wetting washed away—betause insufficient number of staples used.

L

1ok _rooults in erosion in channel] consider use of erosion

gx}
s

ki
fos]






Riprap

PUrpose
(Fxhibit 3.16-4)

* To protect slopes, streambanks, channels, or similar areas myhiect to oIosion by water.

Eehibi 3,16-A, Riprap provides profeciion on slopes whers vegetation is hard to establish because of soil

shpoags.

Reguirsments

Rock: Hard, angular, and weather-resistant, having a specific gravity of ot least 2.5,

Coradation: Well-graded stene, 50% (by weight) larger than the specified d,; however, the argest
pieces should not sxceed w0 times the specified d,, and po more thar 15% of the plecss (by
weight} should be less than 3 in.

Filter; Use gentextile fabric jor sizbilization and filtration or sand/ gravel layer placed pnder all
DETEIADEN: TIPIap instaliations.

Slope: 2:1 or flatter, unless approved in the erosion and sediment conirot plan,

Minjmem thickness: Two times the specified d,, sione diameter,

Inatatiation
(Exhibit 3. j

SURGRADE PREPARATION:
1 Remove brush, irees, stumps, and other debris,
49 Fixcavate only deep enough for both filier and npe

4

spoil comsiderably {Practice 332}
3. Compact any f1l matenal © the density of the surrounding undisturbed soil.

agy, OVET-excavation Increases the amount of

Hrnnoth //

foundation
uner fter

Vb

Wevway 2t ioe of SIOPE e

3

Syhibit 3,16-82. Proper tiprap instaiistion on & shops.

[

s
3}

T
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4. Cuta kevway in stable material at the base of the slope 1o reinforce the toe; keyway depth should
be 1% times the design thickness of the riprap and should exiend a horizontal distance equal o

the design thickness,

5. Smooth the graded foundation.

FOTER PLACEMENT:

1. H using geotexiile fabric, place it on the smoothed foundation, overlap the edges at least 12 in,,

and secure with anchor pins spaced svery 3§ along the overlap, (For large riprap, consider 3 4-

in, laver of sand to protect the fabric)

¥ using a sand/gravel filter, spread the well-graded aggregate in a wniform laver 1o the required

thickness (4 in, minirpam): if two or more lavers are specified, place the laver of smaller grada-

tion first, and avoid mixing the lavers.

RIPRAP PLACEMENT:

1. Immediately after installing the filier, add the riprap to full thickness in one operation. (Do not
durmp through chules or use any method that causes segregation of rock sizes or that will disledge
o damage the wnderlving filter material }

2. Tf fabric is damoaped, remove the riprap and repair by adding another layer of Tabric, overiapping

the damaped arca by 12 in.

. Place smalier rock in voids to form 2 dense, vaiform, well-graded mass. (Selective loading at the

guarry and some hand placement may be needed to ensure an gven distribution of rock material j

4. Biend the rock surface smeothly with the surrounding ares to eliminate protrusions or over-falls.

fa

Lok

Maintenancs

* Inspect periodically for displaced rock matenial, slumping, and erosion af edges, especially down-
stream or downslope, (Properly designed and installed riprap usually requires very little ruainie-

nance if prompily repaired )

Comimon
concerns

Excavation not deep ennugh—hus riprap biocks the channel, resulting in evosion along edges.

Slope too steep—results in stone displacement. (Do not use riprap 25 a relaining wall

Foundation not pronerly smoothed for fabric placement——results in damage (o the fabric,
Cilter emitied or damaged-—resulis in piping oF shamping,

Riprap not properly graded—results in stone movement and erosion of the foundation.

Foundation toe et properly reinforced—resulls in undercutting of riprap slope or slumping.

Fill slopes wot property compacied before placing riprap—results in scttlement and stone dis-

placement.

3.16-2



 Practice 347

Erosion Control Blanket (Surface-Applied)

Erosion control blanket is biodegradable organic or synthetic mulch incorporated into a polypropy-
lene or similar netting material; ifis an atternative to mulch and normally used on slopes of in con-

centrated flow channels.

+ To prevent erosion by protecting the enil from rainfall impact, overland water flow, comcenirated
runoff, or wind.

* Ty provide femporary surface stabilization.

% T anchor mulch in orirical areas, including slopes.

* T reduce soil crustng,

* To conserve moisture and increase sged germination and se

Purpose
(Exchibit 3.17-4)

edling growth,

Exhibit 3,77-8. Erosion control Dlenket ngtaliad in o drainage swale.

nut, fiber, et0) or 3 oymbetic

ﬁeqmmmemm Wiaterial: Fither an organic (5iraw, sycelsior, wWoven DApEr, Lot
miay be blodegradable,

muich incorporated nto & polypropylens or similar neiting material. 1t
photodogradable or permanent.

Ezpected Hie: 1 yrs madman.

Amchoring: Use of saples or stakes {0 provent movement ar displacement.

Select the type and weight of erosion control bianket to Ht the site conditions (2.2, stape, chan-

instatintion L
(Fxhibit 3.17-8) nel, fow velooiy).
2. Imstall any practices necded o control erosion and runcff, such as RIRPOIATY oF permanent diver-
sion, sediment basin of rap, silt fence, and siraw bale dam (Practices 3,21, 3.22, 3.71, 373,374,
375
4 (rade the site as specified in the construction ploz
4. Add opsoil where appropriale {Praciice 302}
5. Prepare the seedbed, fertilize (and lime, if needed), and seed the area immediately after grading

(Practice 3 12}
6, Following manufacturer’s directions, lay the bianksts on the seeded arsa such that they arg in
comtinuous coniact with the soil and that the upsiope O BpsiTeam Ones averiap the lower onss by

at teast & in,
7. Tack the uppermost edge of the vpper blankets into a check sot {siit trench), backlil with soil,

and famep down

2471



8. Anchor the blankets as specified by the manufacturer. This typically involves driving 6-8 in.
metal staples into the ground in a pattern determined by the site conditions,

Exhibit 3178, Proper instaliation of srosion control blankels in s drainageway.

* Traring versintive establishunent, inspect affer storm events for any erosion below the blanket
gy 2 i3 -

Maintenance
# If any area shows erosion, pull back that portion of the blanket covering i, add soil, re-seed the
area, znd re-lay and staple the blanket.
* After vegetative eatsblishment, check the treated area peniodically.
Common Panr contact Between the seil and erosion contyal blanket—resuits in surface water flowing under
Sonoerns rather then over the blanket, causing erosion.

Bianket inadeeuately or hmproperty stapled-—results in blanket movement or displacement.
Check stots not used-—results in surface water flowing under rather than over the blanket, causing

srogion,

£ad

e
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vegetation in arcas of concentrated Dow or steep slopes

* "Tg provide reinforcement & goil and
aving, are not feasible or desired,

where other types of reinforcement, such as HipEp 0r o
* T pravide surface stabilization.
# To provide reinforcement for ol

?L&Ffp@g%
(Fxhibit 3.18-4}

ant roots s vegelation is being gsinblished

Exhibil 3.18-A. Turf reinforcement mat belng instalied In 8 channel

Ceotextile fabric for stabilization consisting of three~-dimensional matrix of polypropy-
lene, pyion, coconut fibers, or other materisl (sold under brand names such as Enkamnat, Tensar,
Geomat, etc.). See manufacturer’s recemmendations for specific &;};}hf‘aﬂ{mg

Eapected Hfe: Depends on type used—ralatively permapent for synthetic fibers, up to one Year for

prganic fibers,
Anchoring: By stapling, staking, of burving uader soil.

Requirements  Material

Select the type of mat recormnended for the site conditions (e.g., slope, channel, fiow velocity)

and problem 1o be addressed.
Instali any practices nesded {0 control crosion and runofl, such s a temporary ov permanent di-
fonoe, and straw bale dam {Pracuces

version, wemporary slope drain, sediment Dasin OF Bap, gilt fono
3,21, 3.2, 3.26,3.72, 3,73, 3.74, and 3.75%
4. (Crade the site a5 specified in the consiructio
stalis
4. Insall the mat according 1o W
slors or shot renches and anchoning
5. Packfill topsoil 1o a depth equat to i e thickness of the mal,
& Seed the area after the mat has been s inztalled and backfiled with soil
% Wiich the ares, OF HSC STOSION 0O ~iral blankets to stabilize the surfaoe,

Instaliation

Jevet

b3

3 31

n plan where turf reinforcoment mat 1510

anufacturer’s instructions, including burying the edges in cheok

with siaples of stakes.

sezhilized, inspect affer storm events for erosian eXposing the mat

Maintenances Until the surfage is
erosion. add soll and regtabilize (Steps 6 and 7 above)

= If a1 specific ares shows



* A fior the surface is stabilized. the only on-going maintenance is mowing where 3 short vegetative
stand is desired and repairing any washouts,

e Tysiretale Manufacturer’s recommendations not followed in choosing or installing mat apecifie to sfte
cepditions and purpose—resuits in fatlure of the mat, thus SIOSIon GOCUrS.

concems , ‘ : : ! , :
Biat sepoesed by erosion net repalred—rosulis in poor epiablishment of vegetation and unstablized

surface,

3482



3.21 Temporary Diversion
3.22 Permanent Diversion

2.23 Diversion Dike (Temporary
Perimetar Protection)

3.24 Water Bar (Right-of-Way
Diversion)

5.25 Rock Check Dam







Practice 3.21
Temporary Divers

* To protect work areas from runoff and divert water to sediment raps of stable outlets,

Purpose
(Exhibit 3.21-4)

Euhigit 2.24-5. A temporary eerthen diversion.
%@gm%mmgﬁtﬁ Conteibuting drainage grea: 3 acres maximnm.

(Fxhibit 3.21-B)

cak runoff from a 2-vr. frequency, 24-hr. duration storm svent

Canacily:
¥ mowedy, top width—2 T misimuon frecboard—=_

Ridge: Side siopes—2:1 or flatter (31 erflatter
fi mindmum,

hannel: Shape-—parabolic, aper
mewed).

Crade: Stble, positive towards ouilet, but not exceeding 1%,

Ohutlet: Nome-erosive for design fow, Dow containing sediment diverted to sediment rap of basin.

Seanillearinn: Rides sighilized if in place more {han 30 working days; channel stabiiized for dosign

fow.

oiddal, or Veshaped; side slopes—2:1 or fiatier (311 or fatter if

Dresion lop width AL i
gntop - P A setliement
A

18 . {rmin.

2% fmad]

Frofecied
aresm

Exhibi 5218, Cross-section view of & Rmporany diversion.

installation

ITE FREFARATION:

RS

3. Mark diversion location,

3 Remove trees, brash, stumps, and other debris from sife,

3 seds and topography, roainiaining a st te, positive grads w-

Set grade and alignment to fit site ns
wards outiet. and realigning of clevating the ridge as needed 1o avond reverse grade,

21
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CONSTRUCTION:

1. Construct the diversion to dimensions and grades shown in Exhibit 3.21-5.

2. Build the ridge higher than designed, and compact with wheels of the constrocion equpment.
{The compacted ridge must be at or shove design grade at all points, while the channel most be at

desizn grade.}

. Leave sufficient area along the diversion o permit clean-out and re-grading.

4. Stabitize the outlets during construction of the diversion, {(Flew containing sediment must he di-

verted (o a sediment frap.
_ I the diversion is constructed zbove a sieep slope. wse emporary slope drains for outlets (Prac-

tioe 3,330

STABILIZATION:
1. Vegetate and mulch the rdge immediately afier constriction, uniess the diversion will be in

slace less than 30 working davs.

[ %)

(]

Maintenagnoes

* Inspect weeldy and following each storm svent,

* Remove sediment from the channe! and reinforce the ridge as needed.

* Check outlets and make necessary repairs immediately.

* Remove sediment from wraps when they are 50% ull.

 When the work area has been stzbilized, remove the ridge, il the channel to blend with the natur-
al ground, remove temporary siope drains, and stabilize all digturbed areas.

Lommon
COnCeEms

Sedimentation where channe! grade decreases or reverses—resulis in overiopping; realign or

ieepen the channg] fo mainiain grade.
Low poiat in ridge where the diversion crosses 2 natural depression—build up the ndge.
Velicle crassing noint—maintain the ridge height, flatten the side stopes, and pratect the nidge with

=
gravel at the crossing peint.
Excessive grade in chanoel-—resulis in erosion in channel; install an erosion-resistant lning, or re-

align to reduce the grade (Practices 331 and 3.32).
Eacessive velocity at ontlet—install an outlet siabilization structure (Practices 3.41, 342, and 3.43)

Ridge ot compacted—ronoff from storm event may cause failure] use construction somipment o

sompact,




Purpose
(Exhibit 3.22-4)

% Te divert water from areas where it1s in excess to locations where it can be stoved, used or re-

Jeased without causing eresion or flood damage.

” vory BRES(I
; oyt
gﬁ;

-

Exhibit 3.27-A. A permanent diversion sited to chapne! runofl without downsiope erosion.

Reoulrements
(Exhibit 3.22-B)

Contributing drainage area: 100 acres TR T

Capacity: Peak runodl from 2 25-vy. frequency, 24-Br duration storg event (o7 higher capacity
where safety is a concern of finod damags canaot be tolerated).

Hidpe: Side siopes—a211 oF flaster (3:1 or fiatter i mowead); top width—3 £t pninimum, freeboard—=6
in. pinimem, seitlement—6 in. Gl height-—3 fi. maximum.

Channel: Lining—io meet velocity requirements and site sesthei
or flatter if mowed).

Grade: Stable, positive grade towards outlet, but not exceeding 2%,

Outlet: Non-erosive for design fiow.

Stabilization: Ridge and channel stabilized with vo

o5 side slopes—2: | or flatter 201

gatation of other appropriale measures.

ZER

Design top withh

Exhibit 2.22-8. Sross.seclion view of 2 permanent diversion.

tpataliation

STTE PREPARATION:

 Mark the lncation of the diversion.

 Remove and properly dispose of all tregs, brush, stumps, and other debris from the site.

1. Sef the grade and alignment to fit cite conditions, and maintain a stable, positive orade lwerds
the outlet. Realign or elevate the vidge as needed o0 aveid reverse grade. (Fipal fonndation gien

vation must be at or ghove surronnding ground level)

B3 bees
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4. Fill and compact all ditches, swales, or gullies to be crossed,
5, Drsk the base of the ridge before placing the il

CONSTRUCTION:
1. Ewxcavate, Bl shape, and stabilize the diversion to line, grade, and cross ssclion shown in the
srosion/sediment control plan (Exkibiz 3.22-5).

2. Cwerfill and compact the ridge, allowing for up to 6 in. of settlement. The seriled ridge top must
be at or above design elevation at all points. Compaction may be achisved by driving wheel
equipment along the ridge as lifts are added.

3. Shape the ridge and channel to blend with the surrounding landscape,

4. Stahilize outlets when installing diversions. Those carrying sediment from disturbed areas must
empty into sediment traps or basins,

5. Geabilize the diversions immediately after installation. I vegetation is used, protect the seeding
with properly anchored mulch or by installing sod (Practices 3,34, 331, 3,32, and 333}

&, Consider instailing temporary stope drains until the pensanent measieres are eatablished.

#Maintenance

* Inspect weekly and following cach storm event uniil the diversion is vepelated, then periodically
szl after major storms.

* Bemove debris and sediment from the channel, and rebuild the ridge to design elevation where
neoded.

* Check outlets and keep in repair to prevent erosion.

* Remove sediment when sediment traps are 50% full.

* Matntain vegetation in a vigorous, bealthy condition.

= When the watershed ares has hesn stabilized, remove sediment traps and repair bare or damaged
areas in the vegetation,

* Seabitize all disturbed arens.

Coomimnon
concerns

Sedimentstion where chanse! grade decreases or reverses—resulls in overtopping; realign or
deepen the channel to maintain grade.

Low point in ridge where diversion crosses a patural depression—build up the ridge 1© mamain
positive ridgs grade.

Vehicle crossings—maintain the ridge height, flatien the side siopes, and pretect the ridge with

gravel af crossing poinis,

Erosion i chanoel before vepetative is fully estahiished—install 04, or use an erosipn-resistant
fining fo protect vegetation (Practices 3,14 and 3313

Erosion in channe! botfom-grade too steep for vegetation—instali erosion-resistant ming,

Erosion damage af outlet due to excessive velecity—inziall an outier stabilization structore {(Prac-
Goes 341, 3.42, and 343}

Seepage or poor dratnage in channel provents estabiishment of vegetation——instal] subsurface
drains or stong channe! bottoms,

%]



Practice 3.23 _
’E‘@mg@@mﬁ ?%mm@%& g ?m‘z%&mﬁ}

Purpose
(Fxhibits 3.23-4
and 3.23-8)

* T prevent storm ranoff from entering and/or sediment from leaving the construction site.

Suhibit 2,238, A diversion of porimeies ik reduces sediment runof teaving the construction she.

P

H

L.

Exhibit 3,238, A perimeter dilte cab zisp prevent suriace runetf frorn entering the ponsiruchion s,

Reguirements
(Frwhibif 3.23-C)

Contributing éraiﬂaw arpar 5 pores mesdmig,

Capacity: Peak runoff T From a 247, f equency, Z4-hr, duration storim event,

Ridge: Sideslopes—I1L ;{:rf‘fiai or {3 flatrer if mowed), top width—2 £, minimnn; heipht—1%
£ mimmm from channe! boltony, 1T£<:zmam-—«é i, minimun) settlemen et 095 of £11] heighd,

Channel: Side stopes-—101 or flatter
Grade: Stable, positive grade towards putlet, buf not axc@wtr; 2%,
Chuatiet: Stable, with sediment taden water divertsd (03 cediment trap or basin and runoff from uo-

disturbed areas divoried 10 8 stabip namoral ouilet or outlet siabilization struciure.

:\'



Stabilization: Ridpe stabilized immediately afier construntion, and fow area stabilized according
to design requiramenis. ' -

28
L@% e} 9:%

PR

10% setitement

Compacted soil

Brofanted
ares  Tood

Exhiblt 3.23.0. Cross-seciion view of a diversion or perimeter dike above an area to be protected.

installiation

SITE PREPARATION:

Eemeve 2l trees, brush, stumps, or other debris from the site, and disposc of proporly,
¥Fi#l and compact all ditches or guilies o be crossed.

Prepare the foundation so s elevation is ot or above surrounding ground fevel.

D3isk the base of the dike bofore placing il

CONSTRUCTION:

1. Fili the dike higher than the design elevation, snd compact with wheels of the construction
equipment to design height phus 10% (see Exhibit 3.23-C).

Comstruct the channe! o (e dimensions and elevatons shown on the plan,

Leave sufficient arez along the dike 1o nermit access by mmachinegs for cleanou! and maintenance,
Imstall outlet prolection and sediment traps as part of the diversion dike. {All outlets must be

siable}

STABIIZATION: ,
1. Siabilize the channel using erosion-resistant lining 10 protect vegetation, if necessary.
2. Establich vegetation on the dike immediately llowing construction.

* Ingpect the dike pericdicatly and after every storm ovent.

o d b e

e

Maintenance

¢ Remove debris and sediment from the channel inunediately,
* Repair the dike to its onginat height,
* {“heck outlets, and make necessary repains to prevent gully formation.

# Clean out sediment raps when 50% fisll
# {imce the work area hag been siebilized, romove the diversion ridge, il and compact the channel

1o blend with the surrownding ares, and remove the sediment traps, disposing of unstabic sedis
ment in g designated disposal area,
* Biabilize the disturbed arsas.

Lormmon
COnCerns

Evssion in channel from excessive prade—insiall ap erosion-resistant lining in the chanpel,

Cvertopping caused by sediment in channel where grade decreases or veverses—deepen the
channel or realign the grade.

Crvertopping at low point in ridge where diversion crosses shallow draw
with 7 positive grade towards the outlet at all poinis.

Brogion st sutlet—insiall an outler siabilization somcturs (Pracuces 3. 41, 342 and 3,43}

Sedimentation af diversion sutiei—insial! 2 temporary sediment trap (Practice 3,713

reconstract the ridge

CAUTION: Water diverted from the construction sile must not damage adjacent property.

3232




Purnose * Tg prevent crosion on long, sloping 1t hi-of-way routes by diverting runoff ot selected intervals,
53 P £ Hng Ng i g

(Fchibity 3.24-4
and B/

Exhibit 3.24-4, Waler bars prevent srosion in wilily sccess rouwes.

Eehibid 3.24-8. A system of water hars seduces runoff accureiation on long, shoping rights.of way.

?@;@@mggmgﬁtg Right-of-way width: 100 & P T
Spacing: As shown in Foxhibit 3.24-C
Height: 18 in. minimut from channel bottom to top of settled ridge, 9 in, minimmon from down-
slope ground level (o top of sestied ridge
Sige sioper 201 or fatier

Base width of ridge: 6 fi. minimunt.
Grade: Stable, positive grade towards outict, buf not exceeding 2%

Ciagiet: Water bar must 01088 £l socess width and extend to @ stable outlet

(Fxhibits 3.24-C
exrred 1)

3241



20t or Batter {37 min.

Exbibit 2.24-0. Spacing of Vot G fmin)y B < 7 .

Water Bars gs Detenmined ' = fot vehicte crossing}

by Righi-of4iay Siope. Y e X Siape

Slope  Spacing % i

===

o g ! € =]

Lessthan 5% 12541, U=

o P i p

5 10 10% 100 . ===

00 20% 75,

2010 35% 56 it

Exhibit 3-24.0. Dross.section view of 3 right-ofway waler bar.

Clear and grade the access right-of-way. Set the crossing angle such as to maintain a positive

installation i
grade of less than 7% (approximately 607 angle preferred).

3. Construct sediment iraps or ouilet stabilization structures as needed.

3. Locais the first bar ot the reguired distance from the slope orest depending on steepness of night-
of-way slops (see Frhibit 3240

4. Ser the direction of waier bars to utilize the most siable outlet locations. I necessary, adinst
fength of and/or spacing betwesn bars to prevent runoff from those upslope from converging with
downsiope waler bar outiets.

5, Mark the location and width of ridge, and disk the entire lengih,

&. Fill the ridge 1o above the design height, then compact with wheeled equipment down to the de-
sign height.

7. Stabilize the ridge and channel iemediately following construction.

Maintenance * Inspect water bars after storm events for erosion and sediment deposition and periodically for ve-
hicle wear,

* Bemove debris and sediment from channels and sediment fraps or basins, and repair ridges o
prade and planned height

* Add gravel at crossing areas, and stsbilize cuilsts as needed.

* Repair and siabilize water bars immediately afier installation of additional utilitics in the right-of-
WAY.

* Tq remove temporary water bars, grads the ridge and chanse! to blend with the natural ground,
compact the channel fill, and stabilize diswrbed areas. (Do nol remove water bars uniil gl dis-
turbed areas draining to them are stabilized )

Common Water overtops ridge where water bar crosses low areas—construct the water bars to planned
Conoerns grads at all points.

Gally erosion between water bars—spacing is wo wide for slope; install additional bars,
of side slopes are

Rigdpe warn flown znd channe} fitled where vebicles crass—surface is not siable
o0 steep, so may need gravel
Frosion af cutlets—install an outlet stabilization structure, o extend the upsiope bars so runoff will

not converge on the lower ontigts,
Frosion in channelb-—grade is (oo steep, so realign the water bar,

Ny



Practice 325

Purpose
(Fxhibis 3.25-4)

% Tr reguce erosion in a drainage channel by slowing velocity of flow. {Check dams are commonly
used () in chanpels that are degrading but where permanct stabilization iz impractical dug o

their shor period of usefulness and (0) in eroding channels where construction delays or weathar
Dy not use check dams in pere

conditions prevent timely installation of erosion regisant haings.

Exhibit 3.26-4. A rock cheok dam with & sl sediment trap in a chanmel,

Reguirements
(Exhibits 3.25-B
and O}

Coptribufing draingge grear 7 acres AL
Tram center: 2 f maximumm height but at least in. Jower than the ooter edges at natural ground

slevation.

Darm side sfope: 221 or flatder.

Iristance hetween dams: Spaced so the foe of the upstream dam is the same elevation as the top of
the downstream dam.

(rverflow areas along channel: Seabilized to resist erosion.

ok stze: INDOT Revetment Riprap.

Filier fabric

Favetrnent !’?
YiBran \%\ !
24 i {rran.)

Filter fabric a cenler

\

Syhibit 1.25-8. Forward and cross.

O T

seetion views of 8 Tock chack [EEral



Exhiblt 2260, Space check dams in the channe so the up-stream dam Toeg slevation (&) snd down-siream
dam top slevation (8) ars the sams,

Instzlistion

I, Excavate a cutoff srench into the ditch banks, and extend it a minimum of 18 in. beyond the
ghurmenis,

2. Place the rock in the cutofF french and channel to the hines and dimensions showrni in Bxhibiy

3. 25.B—i.¢. center a maximmum of 2 £, high vt 9 in. below where the dam abuis the channe!

hanks,

Ewtend the rock af least 18 in. beyond the channel banks to keep overflow water from undercut-

ting the dam ag i re-enters the channel.

Instail 25 many daras as necessary {0 saiisfy the spacing requirement shown in Zxhibis 3.25-C

Siabilize the channel above the uppermost dam.

Recognizing that water will flow over and around the lowermost dam, protect the channel down-

stream from it with an erosion-resistant Lining for a distance of 6 £, unless the channel is pro-

tecred fuough other means.

Lad

b e

&

faintenance

* Tnsnect cheok dams and the channel after pach stovm event, and repair any damage immediately.
- v frd o

* If significant ercsion ocours betwesn dams, install a riprap lner in that poruon of the charnsel
(Practice 3323

* Remove sediment accumulated behind sach dam as needed fo maintain channpe! capacity, to aliow
drainage through the dam, and to prevent large flows from displacing sediment.

# Add rock to the dams a5 needed o mabntain desizn height and oross seciion.

« Yhen the dams are no longer needed, remove the rock and stabilize channel, using an erosion-re-

sigeant Uining i necessary.
Racks washed sut—results in channel cutting; repair the washes aad replace the rock,

Commorn
COnCems

Dam too high—water fow erodes around the rock; to corregt, mmove the rock, extend the dam inio

the channel bank, then replace the rock,




* T convey ranoff water down the fars of 2 oot or fil! slope without causing erosian.

Exhibit 3.26-4. A temporary siope drain eonveys runofl (o 2 lower sloyation without sroding the slops of tiks
tandBi. The pipe should be snchored with stakes o prevent frosTe TOVnG.

Reguiremenis
(Exhibits 3.26-8,

Capacity: Peak runoff from 2oyr. frequency, 24-he duration stofmn gvent.

Pipe size: Based on drainage avea 35 shown in Exhibit 3.26-Bl

Material: Swong, flexible pipe, such as heavy-duty, non-perforated, corTe raicd plastic.

Intet section: Siandard "T7 or "L° fared-end section with metal toe plate.

Connection to vidge al tep of siepe: Compacted fill over pipe with minimum dimensions, 14
depth, 4-It. top width, and 6-in. higher than ridge.

Outlet: Pipe extends beyond o2 of slope, and discharges into a sediment trap or basio unless con-
wibuting drainage ares is stable.

Eyhibil 2,758, Pipe Sizefora istand over inlel sestion Tepof |
; diverainn dike |
B R J IVEEBION O ;

- !
Teraporary Shope Drakn e
e

e B
Wizw drainare DMin pipe ' g
ares per pipe digmeier

0.8 acre 8 in.
(.75 acre 10 im
14 gore 17 in.

Greater than Individually ‘ : o |
1.0 acre designied . - -
e e Eehibit 5.26.0. Siope drain should have a gompacted G island o pre-

vent pyertonping and diversion dike o ehivect runofl o the draln pips.

=wam
e

Piace temporary stope drains on undisturbed soil or well-compacted fitl
Set the slope drain injet at the bottom of the diversion channels.
Connect the pipe to the inlet section.

Construct the diversion ridge by placing fill over the pipe in & in, B8,

[ I
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5. Compact sach Bft by hand-tamping under and around the inlet and along the pipe. (Cawion:

Frcessive compacting may displace or collapse the pipe )

6. Repeat Steps 4 and § unti! the minimuom depth, width, and side slope dimensions shown in Fx-
hibir 3.26-D are reached. Making the top of the {11 ¢ in. higher than the adjoining diversion
ridge creates an istand over the pipe to prevent overtopping (see Exhibir 3.26-C).

7. Make all pipe connections watertight and secure so that joints will not separate i use.

% Anchor the pipe to the face of the slope with stakes spaced no more than 10 i, apart (see Zxhibit

2.26-I0,
9. Fxtend the drain bevond the toe of the slope 1o a stable grade, and protect the outist from erosion.
{Terminate the drain in 5 4-ft. level seotion, if possible.}
A siabie,

10. Grade the diversion channel at the top of the slope toward the temporary stope drain.
positive grade not sxceading 2% i5 needed.
i1. Btabilize all disturbed areas following instaliabion.

. . lstarnt over inlet
w4 fmin) wig”
Diversion } M e
i

Plastic

Top of hand-

pipe =
NW’C\ compacied
Stabiiized T Al fistand}
oetlet ) o /
Top of diversion F 3

B, fming

el

4F fmir)

frug :
leve! section

Exhibit 33800, Cross.section view of 2 temporary slope drain, with detall of iniet

Maintenance

* Inspect slope drains and supporting diversions once a week and afier every storm event.
* Check the infet for sediment or rrash accumulation: clear and resfore to proper entrance condition
o holes, repair imediately.

* Check the fill over the pipe for sefilement, cracking, or pipin
* Check for holes where the pipe emerses from the dike; repair bmmediately,

# Check the conduit for evidence of leaks or inadequate anchoring; repair immediately,

* (heck the outlet for erosion or sedimentadon; clean and repair, or extend i necessary.

* Omee slopes have been stabilized, remove the temporary diversions and slope draing, and stabilize

all distarbed areas.

COmITien

conoar

e

Washout along pipe due 1o seepage and piping—inadequats compaction, insufficient fill, or instal-
lation ig too close to the edge of the slope,

Overtopping eaused by uadersized or blocked pipe—drainage arca may be oo large,

Gvertopping caunsed by impreper grade of channel and ridge—mainiain a pocitve grade.

Overtopping due 1o poor entranse conditions and irash bulldap af pipe infet—deapen and widen
the channel af the pipe eotrance, inspect and clear indet frequontly.

Erosion at eutlet-—the pipe should be extended to 2 stable grade or an outlet stabilization structure 18
nesded (Practics 3413 :

Prisplacement or separation of pipe—tis the pipe down, and secure the Jotings.

3.26-2



3.31 Grass-Lined Channel
2.32 Riprap-Lined Channel







Practice 3.31
Grass:Lined Channel |

# To carry concentrated runaft from 2 small watershed arsa to a stable outlet without damage from

Purpose

(Exhibit 1314 grosion or flooding,
Exhibit 5,375, Erosion conirol niankets provide the bed for this grassfined channel howevar, the uiility box
in poovky iocated,

Rﬁ@g‘gimmgﬁig Capaeity: Peak runedt from 18-y, fFguency, T4.5y. duration storm event.

(Fxchibit 3.31-B)

Cross section: Parabolic or trapezoidal.

Crade: Generally restricled to slopes 3% or 1885,

Sige siopes: Generally 31 or flatter 1o sctablish and maintain vegelation and facilitate merwing.

Channel size: As specified in construction plans.

Changel stabilization: Through use of erosion control Blankets, urf reipforcement mats {Practices
317 and 3.18) or other appropriale practices. NOTE: Tlnanchored malch is generally not offec-
five in stabilizing channels with concentrated flow (see Exhibit 3.3 i-Hy

Outler: Siable; chanmels carTying sediment should empty into sediment Taps of bAsins.

Drainape tile: May be needed if channel is in an ares having a seasonal high water tabie of 529p-
age problems,

Erhibit 2.31-8, Becauss the suraw il was not anchored this channel, erosion and cutling ooourred,

i

2341



Install sediment traps or basins in contributing drainage area if needed (Practices 3.71,
Remove brush, tress, 2nd other debris from the foundation arsa and disposs of property,

. Excavate and shape the channel {o dimensions shown on the design, removing and properly dis-
posing of excess sofl so that surface water can enter the channel freely.

. ¥ drainage tile is needed, install it offsel o ong cide of the channel, nof in the center. {MNeither
should utility lines be installed near the channel botioms. )

5 Pretest all concentrated inflow points along the channel with srosion-resistant Hnings, riprag,

sod, or other Appropnale Measures,
6. Add topsoil where the soils exposed during excavation would be unsuitable for grass species,
3123, and proiect with erosion con-

7 Seed or sod the channel immediately afier grading (Practice J
+rol biankets or turf reirforcement mats (Practices 3,17 and 3.18) (s Exinbir 3.31-C)
2 Stabilize outlets during channe! installavon (Practices 341, 3,42, 3,43}

Instatiation 1,
{Exhibit 3.31-C)

Td bl e

.

T

o ®

Ewhibit 2.31-0, Instaliation of srosion control blankets in e channel next to o kighway.

Maintonanos # Tpgpect the channel following storm events during and even after vegetative establishmest; make
needed repairs inmediately, '

® Cheel the channel outlet and road crossings for blockage,
or scour holes: remove any blockage, and make repairs immediately.

* Remove significant sediment and debris from the channel to maintzin design cross section and

sediment, bank instability, and piping

grade and to prevent spot erosion.

Conwunon Esrssion ovcurs in channel before vegetation fully cutahlished—repair, resend, and install erosion
g

CONCERITS control blankets and 1ol reinforcement mats (Pracrice 3,17 and 3.18)
Gullving or bead cutting in channel—grade is too steep for a grass lining, so redesign the channel

and utilize srosion-resistant lining,

Side slope caving—results from any of the following: (1) channel was dug in unstabie, high-water-
table soil, £2) banks are too steep for site conditions, or (33 velocity is too high, especially on the
outside of channel curves.

Overbank erosion, spet eresion, channel meander, or flooding—remove accumulated debris and
sediment, and stabilize and yevegetate trouble spots. {Biprap ot other appropriste measures may
e reguired

Ponding slong channel—the approach is not property graded, or surface wnlets are blocked

Yrosion at channel sutiei—install an outiel stanilization structurs (Praciicss VA2 3

Sediment depesited at channed outlet—indicales channel or watershed erosion. nd repair the
‘souree of any channel crosion, stabilize the watershed, or install temporary diversions and sedi-

ces 321,371

o .
3413

-

traps to protect the channel from sedtiment-inden runoff (Pracit 370

meni »
culiving or settling in chansel—tilc was instalied in the center of the channel, not off 1o the side.




 Practice332
Riprap-Lined Channel

Purpose

(Exhibir 3.32-4

* To carry concentrated numoff from a small watershed area to 4 stabie outlet without £rosion.

Exhibil 2524, This rprap-dined ehannel next o a8 rosd ConVEYs rraneft downsiope.

Reguirements

Capacity: Peak runoff from 10T, frequency, 24-hy. duration SIOTIG SVERL

Sige slppes: 211 or fatier.

Bock: Size and gradation as shown in desizn specifications. (Do nol use broken CORCTEs )

Riprap thickness: Two tirmes d, stone diameter and 3 mintmum of 12 in, thick.

Youndation: Ceotexiile fabric for filtering of aggregaie INDOT CA No. 3) filier layer under the
FIREAD,

Chansel cross section: As shown in the design specifications.

Thutlet: Siable

installation
(Fxhibifs 3.32-8

and O

 Bemeve hrosh, trees, and other debris from the channel and spoil areas, and Gispose of properiy,

7. Excavate cross section o the lines and grades shown in design specifications, overcuiting for
thickness of riprap and fiter material (Exhibit 3.32-B). (NOTE: This overcut significantly in-

creases excavation and spoil disposal. For instance, lor the channel in Fxhipit 3.32-B, escavation

doubles from 1.1 coyd/fl of channel 10 2.2 cuyd /fi. An aggrepate filter taver would reguire

even more excavation and disposal.}

Tnstal] the geotextile fabric in the excavated channel as 2 foundation for the TIPTAR.

As soon as the foundation is prepared, place the riprap to the thickness, depth and slevation

shown in the srostond/sediment conlrn fi

e

Ao e

tplan (Exnifil 3.32-C). It should form a dense, uniform,
and well-graded mass with fow voids, {Selective joading at the guarTy and some hand placement
may be necessary o obtain good distribution of rock sizes.)

Blend the finished rock surface with the surrounding lang surface so there iz 0o overiall or chan-
nel constriction. (Grass-lined channels with riprap botroms must have smooth transition betweon

iy

riprap and vegetation )
Giabilize channel indef polnis, and install nesded outlet prot

% Stabilize disturbed areas after construction is completed,

sofion during channel fnstaliation,

o
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Filter fabris

Eynibit 5.328. Examplie calouiation of excavation for riprap and filter fabric in 2 chanoel, Rots e eTOuE ree
guireTnenis,

Exhibil 1,320, Proper instaliation of geotextie fabric and riprap.

* Incpect channels at regular intervals and afier storm events.

* YWhen stones have been displaced, remove any debris and replace the stones in such 2 way 83 16
not restrict the flow area.

* (3ive specinl attention to outlets and points where concentrated flow ¢piers the channel, and repair
eroded areas prompily,

* Check for sediment accumulation, piping, b

Maintenance

ank instabifity, and scour holes; Tepatr prowmpily.

Common Foundation not excavated deep ensugh or wide enough-—riprap resuricts channel fow, rosliing in

COnCems overflow and erosion,
Side slopes too steep——causes instability, rock matenial movement, and bank failure,
Filter omitied or damaged during stone placement—resulls in piping and bank instabiling.
Riprap poorly graded or stones not placed (o form a dense, stable chapne] Hning—resull
rock material displacerment and erosion of the foundation.
Biprap installed smaller than speciiied—resulis in rock displacement; selectively grouting over
rack materials may stabilize the siustion,
Riprap not extended far enough downstremp—results in undercutiing, outlet must be stable,
Riprap not blended 1o ground surface—rosulis guliving along edge of the riprap,
Riprap not utilized until washow of other matevials.

oot
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3.41 Rock Chute
3.42 Concrete Block Chute
3.43 Reinforced Vegetated







*@mg@ 341

Purpose
(Exhibit 3.41-4)

and prevent erosion af the outlet of & channel or culvelt,

* Tp reduce runaff velocily

Eebibi 5.4%-8. This oullet is prolected by & ripeh chiie.

Reqguiremenis
(Exhibits 3.41-B
ek I}

Contributing drainage area: 100 acres AN,
Capacity: Peak runoff from 1057 frequency, 2401, duration storm svent.
Apron; Design depends on channg -1 definition {see &
yunoff encrgy, set o Zero grade, siraight and aligs
tions requite 2 curve, 8SL it nuar the upstream end.)
Foundation; Geoiextils fbric for stabitization and floation oy

least & in. thick,

well-graded gravel flter laver af

o Fyhibit 3.41-5), but is iong snough to dissipale
ef with the receiving strsam., (G site condi-

Egpron at zero grade ! y ;
; = i

Aniron
lergth

Exhibit 3.41-8. Pipe cutlet aprong for & channel Hefl)

hat is not well defined and (right} that iz well dpfingd,



Materizl: Hard angular, and highly weather-resistant riprap stone of gize and gradation that will
withstand the velocities of the chute, (Specific gravity at least 2.5, size as specified in design.}

Tuickness: 17 in, minimum or two times the d,, sione diamerer, Wi ichever is graater.

Chsthet: Stable.

Byhibit 2415, Oblioue view of 2 reck-dned chute.

1. Excavate the apron ares subgrade below design elevation to aliow for thickness of the filker {or

instaliation .
gravel laver) and the riprap. (This over-excavation greatly increases the amomunt of spoil.}

3. Compact anv fill used in the subgrade to the density of the surrovnding undistorbed meterial, and
sraooth enough to protect fabric from waring,

3. Place the geotextile fabric (or gravel laver) on the compacted and smoothed foundation. 17 more
than one fabric piece is needed, the upstream piece should overlap the downstrean piece by 8t
feast 11t

4. Insall the riprap fo the lines and elevations shown in the design. I the channel is poorly defined,
the final cross-section should be fevel or slightly depressed in the middle; if well defingd, the &t
ter {or gravel faver) and riprap should extend 1o the top of the banlc (Exhibis 3.41-83,

5. If the geotexiile fabric tears when placing the riprap, repair immediately by laving and stapling a
piece of fabric over the damaged area, overlapping the undamaged areas by at least 12 in,

6. Make sure the top of the riprap aprog is leve! with or slighdy below the recetving stream. (Rip-
rap should nof restrict the channel or produce an overfall}

7. Blend the riprap smoothly to the surrounding grade.

5. Stabilize all disturbed areas immediately following installation.

Maintonanoe * Tnspect rock chuies after storm evenis for stone digplacemnent and for erosion at the sides and ends
of the apron.

* Wiake needed repairs immediately; use appropriate size stone, and do not place them above fin-

ished grade.
Common Foundation ot escavated deep encugh ar wide enough—Tiprap restricts the flow cross section, re-
CORCErns sulting i erosion around the apron and scour holes af the cutier.

Rinrap apron not on zers grade—rnay result in downsiream eyosion.
Biprap wstalled smaller than specified—results in rock displacement; salectivel
rock materials may siabilize the snuation.

Riprap not extended enough o reach 2 stable se

s

s grouting over the

soting of chansel—resulls in downsiream crosion.

No filter installed under the riprap—results in stone displacement and erosion of the fowndation.

2412



 Practicesdz
. Concrete BlockChute

lacity and provent crosion at the sutlet of a channel culvert or ofher high ve-

Purpose # T reduce runoff ve
(Foxhibit 3.42-4) Incity section.

Sehibit 3.42.4, A justronsirucied conerete hiosk chute before the vepetation has been sutabiished

ﬁa@mgmmgngg Coptributing drajpape arear 100 acres raximnm.
(Fxhibity 3.42-B Capacity: Peal ronoff from a 1047 frequency, 24-hr. duration storm event.
and C) Bidee: On both sides of the chute @0 channel runoff into the chutg; side siope 2. i, with 4 fi. mini-

o top width,
Feundation: Chuge- and side-siope subgrade excavated and/or Flied and compacted 1o approxi-
mately 10 in, below finished grade, then overlain with plastic sheeting, 2 in. of bedding (INDOTY

CA Mo, 9, 11 or 12), and geolextile fabric.
Talet and cutict aprons: As shown on design plan, s
vated to 10 in,
Waterigl Concrete blocks, bedding (INDOT CA No. G011 B
Ceutextile fabrie: For smbilization snd filiration.

1 on zero grade, aligned straight, and oxos-

and plastic shesting,

Topofleves b o ool
' | Y {mm.;w%
side stope 211 ___ '
T e e, Bide slope 21 ¢ Cutlet apron
e, i f
Channed

L ooutiet

.MWT_SEﬁa slope varies

ireiine siruciure

Frnibit 3.42-8. Deigiied prosa-secional view of & concreie block chute.




, ' - L Top of tevee
has s - -~ e

““\N - / o4 o o L
\\ /f g e ] ,-’/
I SN {98 L0 e N
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Plastic
sheating

e
Bedding

Filfler fabeic

Concraie block

Exhibil 3.42.0. Obligue view of & conorefe biock chute.

Ingtaliation 1. Construct g ridge on gither side of the chule.

2. Excavaie chute, inlet. and outlet aprons 16 about 10 in. below the design plan finished grade to
allow for thickness of the foundation materials and the concrets blocks. (The aprons, when in-
stalled, should be on 2270 grade.)

3. Compact any fill used in the subgrade 1o the density of the siwrrounding undisturbed material

4. Smooth the subgrade enough to prowct the plastic sheeting and geotextile fabric from tearing,

5. Make a small trench aronnd the perimster of the structure (Le., edges of inlet and outier aprons
and top of the chute side-slopes} to secwre the shesting and fabric.

6. Om the smoothed subgrade, install first the plastic shesting, then 2 in. of sand, and finally the
geotexiile fabric,

7. Press the sheeting and fabric into the trench, and fill with soil to anchor.

8. Lay the concrete block (holes facing up) on the geotextile fabric as shown in fxaibit 3. 42-H, 1ak-
ing care not fo damage it I i is torn when placing blocks, repair immediately by laving and
stapling a piece of fabric over the damaged area, overlapping andamaged areas by 12 8

&, Fill the holes in the biocks with soil.

16, Siabilize alf disturbed avess tmomedintely following nstallation,

Maointenanos * Ingpect the inlet and outlet after storm events for scounag, and make repairs as needed.

# Heep the inlet and owtlet areas free of any debris or other pbstructions.

* Doy ot drive eguipment or vehicles on the struchure.

Lommon Foundation not censtrucied deep or wide enough-—rasulis in erosion around the inlel and scour
COnCems hioles at the outist.

Owtlet aprop aot flat—resulis in erosion downstream.
Fitier fabric not properly anchored-—results in crosion at the perimeter of the strciure,
Seepage under strucfire—resulis in piping and potental collapse of the chute; to correct, instail s

] =
subsurface drain (o intercept sespag

o fow and deadn i away from the stractars.

3.42-2




Purpose
(Exhibit 3.43-4)

% T reduce ranoff velocity and prevent erasion af the outiet of & channel, culvert, oF other high-ve-

loriry section of waltrway.

Exbini 5.43-8. & reinforced vegetated chute utilizes srosion control blankets and et reinforcernant rals o

protect & channel fTom prosinn,

Reguirements
(Exhibit 3.43-B}

78 sores maximm with 8o hase How.
frenuency, by, duration stori event
ent mats (Practices 3.17 and 318}, with

Comiributing drainagn ares

Capacity: Pesk runoff from a 2-3E.

Material: Frosion conrol blankets andd tar reinforoem
gravel or crushed stone rprap (INDOT CA No. 5y at the inlet and otiel aprons.

Tile drainage: As needed, instatied as shown, using outlel ¢ pipe section with animal guard.

;-
| Brosion sontral blanket

GGraved of . L

eryshed stone "

Flonw
N

= Turf réfnforce-
ment st

H .
N K
o +° -

el L E
% o

.. Riprap

e
i - -

&5 in, tile ST T e g, PYD o DAL pipe

ar wbing -— with animal gueard

Ewhibit 5.4%-8, Oblique view of 8 reinforced vegetated chite.




Installation

1. Construct a ridge on esch side of the chute o contain runoff, aceording to designed capacity.
3. Excavate and/or fill and compact the required section and slope fo finis ed grade as specified in

the erosion and sediment control plan,
3. Construct the inlet and outist aprons so they ase straight, aligned with the recebving channel, and

at zeTo grade.
4. Lav drain tile outside the chute area as shown in Exfubl 5.43-B, inciuding outlet pipe section

and animal guard,
Tnstall and anchor the mrf reinforcement mat according to manufaciurer’s dlrections {Practice

Ly

3183, and cover with soil
6. Immedistely following mat instaliation, permancntly seed, fertilize, and install erosion control

blankets according 1o manufacturer’s direcuons (Practices 311 anmi 3170

Maointenance

* Dring vegetative establishment, inspect after every storm event, checking particuiarly for block-

ape, sedinient and soour holes,
* Bemove acoumulated sediment, and make other 12pairs 28 DECESSATY.

aornnon
CONCerns

Orilet aprow net flai—resulis in erosion downstream.

Frosion conirol blankets and turf reinforeement mats not properly anchored-—results in loosen-
ing and displacement of marerials and erosion of channel,

hute not constructed to designed capacity—resulis in scouring around inlet apron, of OVEriop-

ping and bypassing of chute.

3.43-2



3.51
3.52
3.53

3.54
3.55
3.58

Excavated Drop Inlet Protection
Fabric Drop Inlet Protection

Biock and Gravel Drop Inlet
Frotection

Straw Bale Drop Inlet Protection
Slotted Barrel Drop inlet Protection
Gravel Donut Drop inlst Protection







Excavated Drop Inlet Pr

i&@iiﬁﬂ -

@gﬁ’g@@gg # Ty capiure sediment 4t the approach o 8 HOAR drain iniel, allowing full use of the storm dratn

(Exchibit 3.51-4) system during the construction period.
WOTE: This practice may be used to improve ihe effectivencss and refiability of other sediment
traps and DarneTs, such as fabric, block-and-gravel, sined-harrel, straw bale, and gravel domat

fnlet protections.

Exhibit 5,514 An escavated drop inket crestes 2 pool ihat altows sediment 1 seitis oul as waler drains.

Requ@mmgmgg Contributing draingge 2rew 1 pore MaNimuL,

(Exhibit 3.51-B Capacity: Runcff from a 297 fraquency, 24-hr. storm svent entering 2 storm drain without by-pass
and ) flow.

Fxeavated depth: 1-7 ft. measured from top of inlet.
Eyeavated volume: Minimum of 945 cu fr facre disturbed.
Side sfopes: 2:1 or flafter.
Tewatering sysiern: Weep hot

ies in the drop inlet, covered with hardware cioth angd gravel.
Approach: Pool ares flat {less than 194 slope), with sediment sorage

ey
¥ of 045 on fi facre disturbed,

Cyravated ares (as reguired)

Accumuiagiec
seirnent

\éj =
Excavated depih
1-2 fi. helow top
of iniet

holes
foar
dewatering

Btz N
e irgvel supportad
by hardware sloth

Eehibit 3.64-8. Oross-sectional view of an sxcavaled drop iniet protection,



Exhibit 3,510, Perspective view of an sxcavated drop infet proteciion.

instaliation 1. Clear the area of af] debiis.
5 Fxcavate the basin to a 1-2 £t depth, with 2:1 maximum side slopes and the longest dimension
srisnted toward the largest inflow (see Exhibirs 5.51-B and 3.51-C).
3. Stockpile or spread the excavated soil so it will not block the flow or wash back into the excava-
Hon,
4. Install weep holes in the drop inlef 5o the pool draing slowly,
5. ¢gver the weep holes with hardware cloth and at least 1 ft. of geavel (ANDOT CA No, 5) 1o re-
tain the sediment (see Bxfidir 35500
6. If necessary, spoil may be placed to form g dike on the downslope side of the excavation o pre-
vent bypass fow.
% Siabilize all disturbed aress, except the excavaizd pood botlom,
Maintenanos * Inspect the excavaied basin afier every storm event, and repair as necessary until the comtributing
drainare area has been permanenily stabilized.
* Remove sediment when the basin is approximately hatf full of sediment.
* Remove and replace gravel over the weep holes when draingge stops.
* Oince the contributing drainage arca bas been permanently stabilized, seal the weep holes, remove
the sodiment, G the basio with soil, compact and grade to fingl clevation, andd siahilize.
Common Sediment filis excavated basin and enters storss drain-—the sediment-profucing area is oo large
CONDerns for the basin design or the inlet is not properly maintained.

Prcessive pandinp—gravel over the weep holes may be plugged with sediment; io corent, 1emove

the debris, clear the sediment, and replace the gravel,

e
iy

s




Purpose
(Foxhibit 3.52:4)

* "Tg capiure sediment at the entrance 6 2 ctorm drain, allowing full use of the storm drain system
during the construction perict.

Expibit 3824 A fabric drop nbet nyoiseiion,

Requirements
(Fxirihits 3.52-5)

Contributing drainage area: 1 acre TiLANE T,

Capscity: Funoff from a 2-y5 frequency, 24-br. duration siorin even: entering @ slorm drain with-
syt Dypass How.

Pabric materiall Geotextile fabric for filtration.

Height of fabric: 1100 194 ., measured from 109 of et

Approach: Pool arca fiat (less thap 1% siope} with spdiment SloT2ge of 945 pofi/acre disturbed.

Segbility: Strucwore must withetand 1% fr. head of water and sediment without collapsing of undey-
cutting,

Suppert posts: Stocl fance posis of 9 % 2-in or 2 % 4-in. hard wood posts, 1 f mintmem lengih, 3
£ ypasimum spacing, top frame support recommended. Cross bracing [ops of posts 1o opposite
corners greatly strengthens SUpport.

suried fabrio

Pwd-n. waod frame Compacted Al

Crverfiow level set
to prevent by-pass

T

-
S e

eeeru et A AT TR T

Exhibit 3.52-8, Supporiing frame ant ingtaiiation of the fabric.




Ingtaliztion
(Fxhibit 2.52-C)

. To prevent runoff from bypassing the inlet, set the top of the fabric at least 6 in. below the down-
slope ground elevation, OR build a temporary dike (compacted to 6 in. higher than the fabrich on

the low side of the infef {sog Exhibit 3.52-0).
2. Cut the fabric from a singls roll to gliminate joines. (Provide at least 2 &, of overlap if a joint is

Sonaik

needed.)
3. Bury the bottom of the fabric at least | & deep, backilll, and compact the backfill {zee Exhibir

ER D))
4. Space the support posts evenly against the inlet perimeter a maximum of 3 {1, apart, and drive

shem about 144 1. into the ground. (Overflow must fall directly info the inlet and not on uapro-

tected soil}

e Compacied dike o
e prevent by-pess fow
{8 1. higher thiar
- / b mirﬁ pretestion}
f”’” -~ -
Feunoif overfiows ﬁgwm

fibey inded

Exhibit 5.52-0, Frevent bypass fow with s temporary dike downsiops of the infel

* Inspect the fabric barrier afier storm evenis, and make needed repairs immediately.

Mointenonce afier st

* Remove sediment from the noof ares to gmwti*‘ storage for the next storm. Avoid damaging or
yrlercutiing the fabric dzx;‘mg sediment remaval.

* When the contributing drainage area has been stabilized, remove and properly dispose of all con-
struction material and sediment, grade the area 1o the elevation of the top of the inlet, then stabit-
ize.

Common Posts and fabric not supportad af the top-—resuits in coliapse of the strusture,
Conoermns Fahric not properly buried at botiom——results in undercutiing,

Top of fabric barrier set too high—results in the fow bypassing the sterm iniet or collapsing the
struciure.

Temporary dike below drop inlet not mainiained-—rosulls

Sediment not remaved from poob—tasulls in inadeguate slor ,Eza

¥ence not erected against drop infet—results in erosion and undercating,

Land slepe at storm drain (oo steep—resulis in high fow velocity, poor rapping efficiency, and in-
adequate storage volume; excavation of the sediment siorage arca may be ngoessary.

+ the flow bypassing the storm et
ahume for the next storm.




~ practiceds3
ck and Gravel Drop Inlet Protection

Purposse
(Exhibit 3.53-4)

* Ty trap sediment a1 the approach o a StOTM drain indet, allowing full use of the storm drain sysien

during the construction penod,

Eubibit 3.85-8. A Block and grevel inket protection forms @ low durm, croating & temporary setiling sl

Reguirsments
(Fxhibits 3.53-B
and )

Contributing drainage avear @ acre IRANITEEL

Capacity: Runoff froma Z-vr. frequency, 24-01. duration storm event enfering the s10rm ghrain
without bypass fow. :

Heisht of barrier: W21, seasured from the bottom of the sediment poal.

Sediment pool dewatering: Une OF moTS blocks in the bottom row placed with openings horizontal
apel coversd with wire screen { hardware cloth) and gravel.

Ciyavel: i dinmeter or smaller (NDOT CA No. 5) o the outside face of the blocks o control
drainage rate.

Side stopes: 2:1 or fiatier, with top of the gravel 2-4 in. lower than iop of the black structurs.

Appraach: Pool area fiat (less than 1% slope), with sediment storage 945 ou B fsere distarbed.

Temporary
sediment pool Diewatering

Sedimant ' Bt blocks firmily against
congrete and et them exend 83
nevessary ab suges.

syhibit 2.53-8, Cross.sectional view o8 & Blook and gravel inlst protection.
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) o Corrpacted dike
Holes sl for dewslaring prevent by-pass How
o - {6 ir. higher than

inlet protestion

Frhibi 3830, Perspactive view of 2 block and gravel inlet profection.

1. Vo reduce by-nass flow, ensure that the top of the biocks are af least & in below ground glevation
£ g Pt

instaliation
an the downslope side of the infer. This may regaire consiructing below the inlet a temporary
dike (compacied to at izast § in. higher thao the blocks and stabilized appropriately) OR using
the block and gravel inlet protection in conjunction with an excavated drop indol profection (Prace
tice 3513,
7. Excavate the foundation for the biocks on level grade at Isast 2 in. below the top of the stomn
drain.
3. Place the boitom row uf blocks af the edge of the storm deain, butting them Drmiy against the
concrete and letting them extend beyond the corners (see Exhibil 2.33-0)
4. If necessary, support the blocks laterally with 2 % 4-in. wood smds (not moriar) through the block
openings.
5. Om each side of the botton: row, furs one block so Hs cpenings face horizontaily 1o allow for sedi-
ment poct drainage, and place wire soreen {hardwars cloth) over the openings 1o hold the gravel
in place {see Exhibit 3.53-1).
6. Place gravel around blocks on o 201 or flatter slope, leaving 2-4 in. between the {op of the gravel
and the fop of the blocks.
Maintenance * Inspect the indet protection after eack storm event, removing sediment and making needed repairs
immediately.
* When the contributing drainage area has been siabilized, remove and properly dispose of all con-
struction material and sediment, then stabibize
Cormmon Top of strectere foo high——resuits in water bypassing the structure causing scvere erosion.
CONCens Biocks not pleced firmiy against storw drain inlef—resulis in sconr holor developing,

Dirainage area too larpe—rosulis in poor trap efficiency and/or sediment overioad.

Approack to drain too steep—results in high flow velocity and poor trap efficl
ling an excavated basin in the approach (Practice 3.31)

Sediment nat removed following & sform——resulis in sediment entering the storm drain.

ency; sobve by instal-

a3
(&3
&5
e



 Straw Bale Drop Inlet Protection

ot 1o & storm drain, allowing full use of the drain sysiem during the

Purpose * Ty caphure sediment af the inie
(FExhibit 3.54-4) construction period,
NOTE: This practice not recommended for naved suriaces due to lack of an anchonng system,
Figure 4544, Siraw bale drop intet nrolection.
Rggﬁgmmﬁﬁg@ Coptributing drainage arex; 1 aome IAXITnUIm,
Fffective ife: Less than 3 months,
Capacity: Runoff from a Z-yr. fregquency, S4.hr. duration storm evenl eniering 2 StOTn drain with-
out by-pass flow.
Approach: Pool arca fiat {icss than 1% slope), with sediment SIOrage of 845 ou.fifacre disturbed.
Bale dimensions: Approximaely 14 in, x 1B in X 36 in,
Height of bales above injet: 14 in. (1., 18-in highbales entrenched 4 in )
Anchoring: Two 36-in, long (minioum) siesl rebars of 7 x Z-in. hardwood stakes driven through
each bale.
installation 1. To reduce by-pass flow, ensare that the top of the bales will be at feast 6 in. below gronnd sleve-

(Exkibits 3. 54-B
and

tion on the downslope side of the inlet. This may require constructing below the inlel 8 tempo-
rary dike {compacted 16 6 in. higher than the top of the baies) OR using the straw bale drop iphet
protection in conjunction with an excavated drop inlet protection (Praciice 3.51}
_ Ewcavate a trench at least 4 in. decpand a bale’s width ground the inlet
Piace the bales lengthwise in the trench 50 the bindings are oriented around the sides, rather thap
top and bottorm, fo minimze deterioration of the bindings.
 Allow the bales fo overlap at the corners, and abut them tightly against each other.
Ancher the bales by driving two 36-in. Jong stes] rebars or 2x2-in. hardwood stakes through gach
bale until nearly flush with the top, Diive she firet stake at an angle towards the previously taid
bale 1o force the bajes together.
6. {hink {ie, tightly wedge) straw into any gaps between bal
from flowing directly it the infet.
7 Backfill and compact the excavaied soil 4 in. high again

Led Bl

S

es to prevent sediment-laden water

st the ouside of the bales,

£at
[9)]
R
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, Drop inief with grate

Cumpattsd soll  Blalked
for pravent piping | siraw bale
R
Sediment-isden Filtargd

n— puneff waler ™1 M awvater
H

i kk !
Sakord alfvaw bales _J/{ oo

fiwvn stakes per bale)

Exhibit 2568, Obligue view of & property installed straw bale drop infet profection.

Exhiit 3540, Here's an almost tolally ineffective straw bale drop inlet protection-bales oriented wiong fi.e.,
birdings exposed o the ground), and nol svertapped, shutted, stsked, or chinbed,

Modnienonooe * Tnispect the drop inlet protection afier sach storm cveat, and make necded repairs immediately,

* Bemove sediment from the pool area o ensure adequate runoff storage for the next rain, taking
care to not damage or underout the balas,

= When the contributing drainage area has been siabilized, remove all bales, construction material,
and sediment and dispose of properly, grade the disturbed areq to the ele sation of the top of the

iniet and siabilizs,

Commuon Flow undercutting the hales—becanse the bales were not entronched and backfilisd.

COnCaIms Bales dislodged—because the bales were not securely anchored.
Flow by-passing the inlet—beoause the dile was not mainiained ar was too Jow.
Sediment not removed from posl—results i inadequate storage volume for the nexd storm event.
Land slope at iniet too steep——resulis in high flow velocity, poor trapping efficiency, inadequate
storage volume; 1o correct, excavate the sodiment storage arca.
Eales falling spart—beoause they were laid with bindings runping fop and bottorn rather than

sround sides or were uiilized beyond their 3-mo. effective life.

3.54-2
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Slotted-E

To trap sediment at the entrance 0 a reund casting-covered drop iniet storm drain, allowing full

wse of the drain sysiem during e constraciion poriod.
NOYTE: This practice not recommended 07 paved surfaces due o

Purposse

(Exchibit 3.55-A)
lsck of an anchoring sysiem,

Exhikl 2,654, A siotied-narrel projects this drop ket from sediment nflow.

ﬁg@ﬁﬁremmmgg Contributing drainage area: 1 acre THANLITIIL,
Capacity: Runoff froma 2-y7. frequency, 24-hr Juration storm svent enfering the 50T drain
without bypass fow,

Height of risery 11l minimum.
Approach: Pool area flat (less than
Barrel dimension: Fgual 1o or greater than the casting grafe.
Geotextile fabric (optienaly: For Bliraton, wrapped around
Gravel (optional): For filaation, INDOT CA No. ¢ mounded asound base of £ riser.

194 slope), with sediment sI0rage of 843 cuft faore disterbed

the putside of the barrel fser,

i1, below ground elevation on the dewnslope side of the inlet

installation 1 Set barrel riser height at least 6
(Exhibits 3.55-B) prevent runoff from by-passing the infel.
nuild a temporary dike compactad 0 f in. bigher than

§~}

i necessary, on the low side of the indet,
the riser and stabilized appmgﬁz’émaéf*
Cut siofs at Ieast 1 in. wide and 5 in. long in the barrel, and cut out the barrel ends (sso Exhibit
55B)

Place the barrel riser over mmm grate.

If using geotextile fabric, w{agp .ru&;m the riger
of the hasrel: attach tho fabric top to the barrel W ith cord or wire.

6. 1f using grave!, mound it around iha& hase of the barrel no higher than the botlom of the lowest

ok

before placement a and ek it under the bottom

Ly

slois,
Consider using an excavated drop inlet protection in conjuaction %
trap cfficiency, and provide sediment SOrage e capacity {Practice 3

with this practice (o lmprove
S
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Maintenance * Imspect the structure afler cach storm event.

* Remove scoumidated sediment and make necded repairs rmmediately.

* When the contribuling drainsee area has been stabilized, remove and properly dispose of alf con-

struction materisd and sediment and sinbilize.
e AR

Erkibi 1.85.5. A siofied harre! in piace with 2 hole s the top to altow Righ storm How @ enter,
Conmmon Top of riser too high-—resnits in by-pass storin flow, which causes severe erosion or excessive pond-
cOncerns ing.

Barrel end not removed-—rosulis in obstruction of bigh storm flow causing by-pass flow, or the bar-
ret Hoats off the casting aliowing sxcessive sediment w enter the storm drain,

Skats of riser o small—slois clog with debris Blocking Jow,

Brainsge area oo barge—results in poor trap officiency and/or sediment overload,

Approach to draie too steep-—causes high flow velocity and poor trap efficiency, correct by instali-
ing an excavated drop inlet protection in the spproach (Practice 3,51},

Sediment not removed following » storm——results io sediment entering the storm drain.

Casting dismeter oo Jarpe or barrel doee nat §if aver adeguately-—resulis in oxcossive sediment
entering the storm drain,

Inadeguate frap efficiency——oorrect by mounding gravel greater than 1 in in dismeter around the
riser up to the bottem of the lower siows,

Lo
[ 45
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]
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Purpose

(Trxhibit 3.56-4)

* To trap sediment at the approach 10 2 storm drain inlet alowing full

use of the drain systpm duf-

ing the construction period.

Cormpaciad dike o prevent
by-pass fiow 16 In. higher
than inlel proection.

L - .,
/ . x\ A
S
1 sinpe gravel ' I o
- e T , X
- L e e

g, gt

Exribil 2.56-4. Perspective view of & gravel donut infet profection with a lemporary ke down siope.

E‘%gqu%mmgﬂm Coniributing dralnage arear ] acre KR,
(Fxhibit 3.56-B) Capacity: Runoff from a 2-yr. frequency. Ahr duration storm event entering a storm drain with-
ot bypass flow,
Heipht of structure: 1-2 fr. above lop of intet.
Cravel for donut TNDHOT CA No } (putside face, INDGT CA Weo 5h
Slope of doout: Cutside, 201 or fatior; ingide 301 gr flatiern.
%\Tammmw sedirmen pook
3.2 i
Fipe gravel
fmce (1H. ¢
srin, thickness)
slofs
Eyninit 3.56-8, Cross.section view of 2 grave! donut drop inlet profection.
instaliation 1 Excavate an 8 in. deep and munimom 1A wide area immedistely oul *fm 1 the storn drain
n  Aronnd that excavated area, iay a ring of gravel (TINDOT CA ?”w 1) to 2 height 1-2 1 above the
iop of the inlet and having a 211 or fiatter outside slope and a 311 or flattey inside slope {but be
cure the toe of the inside siope does not extend into £1e CHROAY :u‘;sd areay The top of the gravel
ring on the downslope side of the iniet should be 6 in. below ground elevation 1o reduce brypass
Flow.
1 Cover the outside face of the donut with at least 1 . of £INDOT CA No. 5 gravel, maintaining a

2:1 or flatter slepe.

(5]

233

o
3



4 Alse blanket the area from the tos of the inside slope to the inlet structure with INDOT CA Mo,

5, leaving the sxcavated area adiacent & the structurs recessed at least 4-in. to keep stone out of
the storm drain.
5. Where necessary (o prevent bypess fow, construct 2 ICmporary dike on the downslope side of the
inlef, compacting it to af least 6 in. higher than the top of the pravel donut, and stabilize {see Ry~

hibir 3.36-4%.,

# Tnspect the siructure afier each slorm event, removing sediment and making needed repairs imme-

Maintenance
diately.
* When the contributing drainage ares has been stabilized, remove and properly dispose of any un-
ciabic sediment and consumction material, and re-stabilize.
Cormumoen Top of structure too high—resulis in runoff bypassing the sructurs causing severs erosion.
COnCemns Prrainage area to6 large—-results in poor trap efficlency anbior sediment overload.

Agnproach to drain tos steep—resuls in high fow velocity and poor trap efficiency; solved by in-
stalling an excavated drop infet protection in the appeosch Practice 3510,

Sadiment ot removed following a storm evenf—vesulis ip sodiment entering the storm draln.

Stone in gravel donat aot large enough or inside stope too sieep-—Tesults in poor sedument fira-
don efficiznoy.

Siome enters the starm drain—oaused by insufficient recessed area or distance herweon the o of
ihe inside slope and the inlet

a2
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3.61 Gravel Curb Inlet Protection

1.62 Block and Gravel Curb Inlet
Proteciion

3.63 Basket Curb Inlet Proteclion
3.64 Sandbag Curh Inlet Protsction







Purpose # Tp prevent excessive sediment fromn entering storm sewsss al carrh inlets, allowing full use of the

(Elehibir 3.61-4} seryn drainage sysiem during the construction period. This practice is especially important when
storm sewers empty off-sife putside the constrichon arca.
NOTES: (1) Trapping sediment st a curb intet will be difficult if erosion/sediment control mea-
sures are not instailed o redoce the voinme of sediment reaching the indet. () I punding at an
iniet would be a problem, consider block and gravel curb nlet profec tion (Practice 3.62.)

Eahibit 2614, This would have been good spot for @ gravel curh indet protection.

ﬁﬁgmimmgngg Contributing drainage avear 1 acrs maxNimuL
(Esxhibit 3.61-1B) Capacity: Runoff from a 2-vr. frequenay, 244, duration storm event entering the siorm drain
withou! bypass fow.
Location: Afcurb injers whers ponding is not Hikely fo canse inconvenicnoe of damags.
Gravel: 1.7 in diameter ﬁm}@"{‘ CA No 23
Wire mesh: Chicken wire or hardware cloth with 1/2-in. oponings.
Creotestile fabric (optional)y For filtration.

~

Evhibit 3,518, Perapective view ol a gravel curb infet protection.

instatiation 1. Install gravel curb indef prais;m%é« 25 soon 25 the strects are paved in a new development s sife
(Exhibit 3.61-1) fon o %}e‘f{ha tand-disturbing activies in sigbilized arcas.

i
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7. Place wire mesh over the curb inlet opening and/or grate so it extends at leagy 12 in. bevond both
top and bottom of the opening/grate,

Install geotextile fabric over the wire mesh for additional filtration {optional}.

Pile gravel over the wire mesh o anchor it against the curb, covering the inlet apening complete-

L2

bw.

- Yifirg mesh

Cravel filier --m\\

Fitterat waler

Sediment-laden
runoff water 7

et et
%ms&:ﬁ%’é%é%i : foar -
N i fem . [ .
Sediment .’ SEE e
& gt / m}ggcm““”‘ b’ﬁ‘ } %
Conmrete GUTEY e \“"““Cﬁ.jfij et

Exhibit 2890, Cross-seoiion detsil of 2 gravel curb indet protaction.

# Afier sach storm event, remove sediment and replace the gravel, replace the geotextile filter fabric

Maintenancs
i used.
* Derindically remove sediment and tracked-on soil from the street (but not by Mleshing with waer)
to reduce the sediment load on the curb inlet praciice.
* Inspect perisdically, and repair damage caused by vehicles,
= When the contributing dratnage aren has been siabilized, remove the gravel, wire mesh, geotextile
fabric, and any sediment, and dispose of themn properly.
Common Sediment not removed from readway and gravel and fabric net replaced following 2 storm
COnCEems event —resulis in incressed sediment acking, traffic hazard, and excessive ponding.

Drafnage ares ton large—canses sediment overioad at the inlet and/or by-pass fow,
Siape too steepr—resulis in bypass fow and/or disiodgement of the gravel and hardware cloth; con-

sider replacing with of using in combination with 2 sandbag curb inlet protection (Practice
364}

ni



Purposes
(Exchibit 3.62-4)

* To prevend excessive sediment from entering storm sewers at curb inlets, atlowing full wse of the

storm drain systemn during the construction neriod.

# To minimize ponding af an pulct.
NOTES: (1) Trapping sediment at a curb iniet will be difficult if erosion/sediment control mea-
gty [

sures are not instalied to reduce the volume of sediment reaching the infet. (2 Use s pracix
ondy whers traffic would not be ad reraely affected.

Euhibil 2.82.8, A biock and gravel curb nbal proteciion reduces ponding problems al the e,

Reguirements
(Exhibits 3.62-B)

Exhibit LA92.8, Perspective view of @ hiock and gravel curg

Contributing drainage sves: ] 200 mayipm.

Capacity: Runoff from Z-yr. frequency, 34-hr, duration storm event €n
ot bypass How,

Location: At curb inlets where ponding is Lk

Ciravel 1.0 in. diameter INDOT CA No. 2),

Wire mesh: Chicken wire or hardware cloth with 1/2-in, opening.

Gestextile fabric (optinnal): For filtration.

Traffic barricades: For protection from vehicles.

tering the sionm drain with-

ely 1o occur without bypass flow.

e L2503 HET

—— ..‘l - m;‘fm M -

Wire sbrew“mj /’ e Cerrisrgte Diock
£ Gravet fillar

intet protection.




Installation
(Foxhibit 3.62-B)

1. Install 25 soen as strects are paved in a new development or before fand-disturbing activities in a
stabilized aren

3. At each side of the inlet, place 2 concrete block lengthwise out from the curb with its openings

facing outward (not upward) to serve as a spacer block.

. Place a row of biocks (openings facing out) across the front of the inlet and abutiing the spacer

higcks.

4 Cwtn?x Adn wood stud the length of the inlet pius spacer blocks, and insert it through the
front-most openings of the spacers to keep the row of bl ckes ahead of it from being pushed back
toweard the indet {see Exhibif 3.62-C).

5 Run wire mesh from the top of the blocks, down their cutside vertical face. to aboui 12 in. info the

street (see Exhibit 3.62-C).
. Install geotextiie fabric over the wire mesh for additional fltration (optional},
Pile gravel in front of the barrier up to the top of the wlocks. (5 the curbs aro sloped, use extra
wire mesh and gravel to Al in the space betweern the final Block and the corb.

Lod

S

%

Sediment-iaden Q;;E_gﬂ Fittered waber
rumefl waler Ty e 7

= h%?ﬁﬁﬂ e
Yirg BOIBBH j%zﬁ%;@%g e ?%;

idin. woed shud

Exhibit 3.82-0. Dross.sechion detsil of block and gravel curb infet protection.

* 4fier each storm event, remove the sedirment and replaces the gravel, repiace the geotextile fabric, of

Maintenance
e,
* Periodically remove sediment and tracked-on soil from the street (bt not by flushing with water)
1o reduce the sediment load on the curb inlet proteciion,
* Inspect periedically for damage and repair, keep grates free of debris,
* When the contributing drainage area bas been siabilized, remove the gravel, wire mesh, geotextile
fabric, and any sedimend, and dispose of them properiy.
Common Damage by vehicles—rezults in sediment entering the storm drain or the barrier becoming 2 traflic
SONCSs hazard,

Sediment not remaved, and pravel and fabric not replaced following a storm event-—riesulis in in-
creased sediment tracking, traffic hazard, and excessive ponding.

Gravel enters drain—because ihe wire mesh openinps were t00 big or the mesh did not cover the
block openings or Zaps.

Brainage area tes large—canses sediment overioad at the iniet, prcessive ponding, or overtopping
of the barner.

Approsch to drain too steep—Causes high fow velocity, resulting in bypass How or distodging of
the gravel; consider a sandbag curb inlet protectuon upsiops from the drain (Practics 3643




 Practice 383
~Basket Curb Inie

¢ Protection.

Purpose
(Exhibit 3.63-4)

* To prevent excessive sediment from entering storim sewers at curb indets,

starmn drain system during the construction period.

aiiowing full use of the

! Side infel boy should e seaion
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Eyhibit 3834, Crose-sactional view of & basket curb intet protechion.

Reguirements
(Exhibit 1.63-B)

Lacation: Af curl inleis where barriers swrrounding them
Contributing drainage area: 1/4 acre FErRAL L

would be impractical or unsate.

Capacity: Runoffl from a Z-y7. frequoncy, 24-hr duration storm event gntering the storm drain

swithout bypass flow.

Hacket: Fabricated motal with 10p width-length dimensions such that the basket s info the inlet

without gaps (see Exfribils 3.63-A g B
Geotexiile fabric: For Aliation

“'"““““‘fz,-"““‘“f b 8% 1 g
== } %
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Eynibi 3,838, Top view {iefi} and front view fright) of a basket cuflb ket profection.

e



1. Instail hasket curb inlet protections as soon as inlet boxes are installed in a new development or

hefore land-disturbing activities begin in a stabilized area.
¥f necessary, adapt basket dimensions o fit inlet box dimensions, which vary sccording the man-

3

ufgcturer andfor model.

Seal the side inlets on those types of indel boxes that have them.

Eemove the grate, and piace the basket in the inlet.

Cut and install a piece of filter fabric large enough to line the inside of the baske: and extend at
least & o, beyvond the frame.

Replace the inlet grate, which also serves to anchor the fabric.

L B Led

&

KMaintenance

* Inspect aftor each storm event.
* Remove built-up sediment and replace the geotextile fabric after each storm event.
* Periodically remove sediment and tracked-on soil from the streei (but not by flushing with wa-ter)

1o reduce the sediment load on this curb indet practice.

Common
COnNCerns

Gediment not removed and seotexiile fabrie not replaced following a storm event---rosults i in-
creased sediment tracking, traffic hazard, and excessive ponding.

(reotextile fabric permittivity foo low—rosulis in rapid clogging, thus severs ponding; sediment
eniers the draip if the fabric breaks.

Drainage arez tos large-—vesults in sediment overioad and severe ponding; sediment enters the

deain if the fabric breaks,




rier i

Purpose
(Exhibit 3.64-4)

% To trap sediment on paved streets that receive relatively small nunoff flows, preventing it from be-

ing transporied further down the strect of into an inlel
NOTES: (1) Trapping sediment at a curb intet will be difficult if erosion/sediment control mes-
sures are not instalied to reduce the volume of sediment reaching the inlet. (2) This practice can

be used in conjunction with other curb iniet sediment conirols,

Eyhinit 3,645, A sandbag curb inke! sediment hiarrier,

Requirements
(Exhibit 3.64-B)

Lcation: On curbed paved street down grade from light construction activity (¢.g., individual
home) and ahove the inlet,

Contributing dreinage areq a0 mRANITIIT,

Capaeity: Runoff from a 2-yr. frequency, 94-hr. duration storm event entering the storm drain
without bypass flow.

Heighi: 1-3 lavers of sandbags {as NECEERANY)

Length: As needed fo intercept sunoft €3 fi ornimuam).

Traffic barricades {optional}: As peeded o myevent vehicles from hitting the barmer

Sandbags overiap
onto the suD

g% a spiiway

fimtail of 8 sandbag surb sedireent barrier fo protect & curk 0

Erhibif 3548, let.

2.84-1



Fill bags approximately half full with sand or fine gravel,

installation i
7. Upslope from the curb inket, lay the bags tightly end t© end i a row curving from the cush and
away from the mlet,
3. Owerlap the barrier onfo the curb, and extend it 2 minimum of 3§ into the sireet 1o intercent the
runaif
4. If using more than one row, overlap the bags with the row henezth, and leave a one-bag gap in
the middle of the fop row 1o serve as g spillway.
5. For additions] storape capacity, construct a serigs of sandbag barriers along the cudb so each one
traps small amounts of sediment,
Mointenancs * Inspect frequently for damage by vehicular frafiic, and repair ¥ needed.
* Inspect after sach storm svent,
# Yromove sediment (ot not by fhushing) when it reaches haif the height of the bamier,
* Dreposit removed sediment where it will not cnter storm drains.
Comunon Yehicular hazard if barrier is t0o hish or fos long—consider using fraffic barricades.
concerns Vehicelar damape to barrier——repair immediately.

Sandbags not placed fightly together——resulis in poor trap eficiency.

Drrainage area ton large—resilts in poor trap efficiency znd/or sediment overload,

Approach ten steep-—causes high flow velocity resulting in poor wap efficiency and sandbags dis-
iodging: use a different inlot profection prachice.

Sediment not removed following a storm eveni—results in increased sediment traciing, traific haz-
ard, and excessive ponding.

3.84-2



3.71 Temporary Sediment Trap

3.72 Temporary Sediment Basin

3.73 Vegetative Filter Strip

3.74 Silt Fence (Sediment Fence)

3.75 Straw Bale Dam (Straw Bale Filter)
3.76 Rock Dam







Practice 371
Temporary Sediment Trap

Purpose
(Exhibit 3.71-4)

= Ty prevent offsite sedimentation by grapping sediment at desi gnated iocations accessible for clsan-

QUi

Exhibit 2.70-4. & femporary sedirment ap with rock spiifway.

Reguiraments
(Exhibits 3.71-F,

O, ard 1)

Drainsge areal 5 aUrSs mMEBUmum

Strpoture Hie: Limited (o2 918

Sediment storage: 1800 cunft/acee disturbed i,

Embankment: Machine-compacted earth fill having 5 £t
slopes, and 5 £t minimum top width,

Spiliway eutlet capacity: Routed 2-yr. frequency, 24-by, duration storm event

Spillway outlet freebeard: 6 in. i,

Stone: INDOT Revetment Riprap; inside facing lined with ] fr of INDOT CA No. 4.

Side slopes: Spillway and cxcavated basin 201 or flatter,

Brotection from piping: Geotextile fabric for separation and filtration, bedding, or cut-olf trench
between stone spillway cutlet section and compacied embankment.

Spiliway depth: 14 fi minimun below settled top of the embankment.

Spillway bottom width: Based on drainage area as shown in Exhibit 2.71-0.

Custlet spron: 5 {1 long (minimum) on level grade with filter fabric foundation 1o ensure gXit vi-
lncity to recelving stream s AON-ELOSIVE.

Outlet option: A pipe with slotted outlet riser as the trap outlet; should be consistent with SCE
standards and specifications for ponds (s8¢ Appendix BY.

maximem height, 111 or Saner side

Crverfill 6 in. Tor settlemsnt

o 20 side
© slope (Fnar.)
wt

Eyxhibi 1718, Earth embankment and stone muatlet gection of & temporary sediment rap.

[
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5E# FE in. {min

A

i

5 ﬁ Apron

e

R Gravel i, o Bt
Set stake ot i‘:mw% fane max) {rmit. )
slean-oul level ..., i .

. ——
Filter fabric

Exbhibit 2.71.0. Cross-sechional view of the stons outie! seclion.

Exhibit 2,740, Minimumn spiffwey design for g temporary ssdiment trep,
Drainage grea Minimum bottom width
1 acre 4
Z acres 61t
3 acres &
4 meres 1R 8
5 acres 1z

EMBANKMENT:

Locate the trap as near the sodiment source as topography aliows.

. Drivert runcfl from all undisrarbed areas away from the map site,

Clear, grub, and strip all vegetation and rool mat from the embankment arca.

Uising siable mineral soil fres of roots, rocks, brush and debrig, place 81 in 9-in. Hiis (maxy,
Compact each {ift so the side slopes are 2:1 or flatter (3:1 recommended for backslope to improve
stability of stone spellway)

. Owerfill the embankment to 6 in, above the design elevation to allow for setiling.

e Ll b e

oh

CRITLET SECTION:

Excavate a trapezoidal stone outlet section from the compacted embanliment {Fxhibit 3.71-H}.

. Install geotextile fabric, extending it up the sides to the top of the embankment.

Place specified stone to the Haes and prades, working smalier stones into veoids te achieve a dense
mass. The spillway crest should be fsvel with the width specified (minimum 4 iy spilbway depth
should be 1% fi. minirum, measured from the highest stones in the spiliway to the top of the

dam,
4. Keep the base of the stone outlet section at feast 2 & thick through the level section and the

s

dewnstream fhee of the dam.

5. Bxiend the outlet apron below the tog of the dam on lovel grade until stable conditons are
reached (5 f minimuom),

6. hake the edges and end of the stons apron section flush with the surrounding ground, (Mo over-

full should exist)

Caver the inside face of the stone outlet section with 2 1. laver of INDOT CA Neo. 5.

Stabilize the embankment.

Set a stake at one-haif the design depth to mark the cleanout level.

ol

w o

Maintenancs

* Inspect temporary sediment traps after esch storm event, and immediately repair any erosion and
piping hoiss,

* Remove sediment wher it has accumuiated to one-half the design depth.

# Replace spillway gravel facing if clogged.

* Inspect xfﬁg&ztaﬁem, and re-seed if nocessary,

# C'heck the spiliway depth periodically to ensure 2 minimum of 1V4-ft. depth from the lowest point

of the settled embandement to highest point of the spillway crest, and 811 any low areas o naintain
design elovation.




. Practice3.72
“Temporary Sediment Basin

Purpose * Ty prevent offsite sedimentation by retaining sediment on the construction site.

{Exhibit 3.72-4) WNOYTE: This practice may be used where failure of the enbhanioment would not endanger iife;
5 _ : B :
damage homes, commercial or industrial buildings, main highways, or railroads; or disrupt it

tie utility services,

Exhihit 3.72-A, This ternporary sediment basin will be used s a dry detention pong afier consiruction i the

ares Is comgpleted smd the site stabilized,

Requirements GENERAL

(Fxhibits 3.72-B fram beight: 105, or less,

Coptributing drainage arear 30 scres maxioum.
Sepgeture Bier Limited to 3 y7n

Sediment storage: 1,500 cu ft/acre disturbed, mintmum,
Trap efficiency: 2.1 or graater len gih-to-width ratio.

PRINCIPAL SPILLWAY:
Stiser and barreh Vertical pipe riser and horizontal pipe barrel able to withstand mdman exeer-

nat loading without yielding, buckling, or cracking. (Should be consistent with SCS standards

and specifications for ponds [see Appendix BL)

Capacity: Funoff from a 10-yr. frequency, 244y, duretion storm event without discharging
through the emergency spillway.

Anti-seep collars A loast one watertight coliar (1% £ minimum Prois
or largor in diameier.

Aunti-fioatation binck: Riser held in place with an anchor having a buoyant weight greater than 1.1
times that of water displaced by the niser and any pxposed portion of the barrel,

Trash guard (optional) Atthetop of the riser.

fhutiet: Stable for design pipe discharge. (Riprap outlet apron needad uniess the foundation is
rock.)

ERBANKMENT

Top widih: 6 fi. minimunm.

Side slopes: 2.5:1 or flatier,

Setflement allowance: 109 of the design hgight.

Fill material Stsble mineral soil compacted in £-8 in. Hfis while moist,

and T}

stion) arpund a barrel % in



EMERGENCY SPILLWAY:

Capaciiy: Routsd peak flow from a 25-yr. frequency, 24-hr. daration storm event phus 1 of freg-
board.

Location: Construsted in vndizenrbed soil.

Cross section: Trapezoidal with side slopes 3:1 or flatter.

Control section: Level, straight, at least 20 & long.

Emergenoy zpifl- Floset ool
way arest ww&agému&umum ¥ - Eresboard 1 . (min)
S - = " resbuard 1 /. {min,
Pesforated ai ettty ) o {

fiser E ‘A fmin)
3

S}miéjﬁsiﬁim Hand-sompacied ok f ﬁkﬁ;f%gs
oLk il around pipe rincipsl
ard codiar P spilbamy Sut-off trench 2 . Sf;imzﬁz%
busrred witle, 2 ft. deep {min.) it

Erhibit 3.72.8, Cross ssolion of g femporary sediment basin principal spitway and embankment,

Lavet porlion

Approach
eharnnet

s it sechon
PP
¥y sp
&‘ 3
/ . Ermbankrnam
JW ) S Y S

Elevation of top of dam

&
Freahoard 1L fmin}
¥

Flond pool

Ewit
saction

e
i

Qﬂm 5
il = EEF;'* ey B R fl =
fal

Exhibit 2.72.0. Plan, profile, and cross-section of an emergency spiliway for & temporary sadiment basin ax.
cavaied in undisturbed sof,

Installation

3.72-2

SITE PREPARATION:
Locate the ssdiment basia as close o the sediment source as possible, considering soil type, pool

area, dam length, and spillway conditions,
2. Clear, grub, and strip the dam focation, removing all woordy vegetation, rocks, angd other objece

¢ﬂ

S AW
tionable material.
3. Dispose of frees, Himbs, lops, snd other debris in designated dispeosal areas.
Fxravare the area (outlet apron first), stockpiling any sorface soll baving I gh amounts of organic

:a‘m

matter for lnter use.
. Clear the sediment poo! o facilitate sediment cleanout,
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PRINCIPAL SPILLWAY {soe ExAibil 3. 7By
}. Situate the spillway barrel (pipe) and piser on 4 firm, even foundation.
% Place arcund the harrel 2 4-in. fayer of moist, clavey, workable soif {not pervious material, such

as sand, gravel, or silt), and compact by hand to at least the density of the foundation soil. Tan't

£aise the pipe from the foundation when compaciing under the pipe havnches. )
 Perforate the fower half of the riser in each ouside valley with 1/2-in. holes spaced 3 in. apart (of
wse a manufactured perforated riser)
Embed the riser at least 12 i, info concrels {which serves as an anti-fiotation block),
Surronnd the riser with 2 £ of INDOT CA No. 5, stomg,
Install 2 trash guard {(bars 2-3 in. apart) at the top of the riser.
Af the pipe ootlet, install a dprap apron at least 5 fi wide and 10 £
well-graded stone with d, of 8 ir. mintoun}

EMBANKMENT (see Exhibit 3.72-B):
1. Scarify the base of the dam before placing fiil.
% For the dam, use fill from predstermined horrow areas. It should be clean, stable mineral soil

free of roots, woody vegetation, rocks, and other debris and must be wet enough to form a ball

without crumbling et not so wet that water can be saueered oul
1. Place the most permeabie soil in the downsiream e and the least permeable in the conter por-

tion of the dam
4. Compact the fill material in 6-8 in. continuous layers over the leagth of dam. {Ome way i by

youting construction equipment over the dam so 1hat sach layer is traversed by af teast one whesl

of the equipment.}
5. Protect the spillway barrel with 2 fu of hand-compacted fil} before traversing with squipment.

6 Construct and compact the dam to 10% above the design height 1o sllow for seuling.

% Place a reference stake af the sediment cleanout slevation (50% of design volume}

Led

ong to a stable grade, (Use

S e

EMERGENCY SPILLWAY (see £xhibif 3. 72Oy

1, Construct the spiliway in undistarbed coil asound one end of embankment, and locats it g0 thay
any flow will return to the receiving channel without damaging the embanlment, _

7. Stahilize the spillway as soon as grading is complete; or install paving material (o finished grade

if the spillway is not 0 be vegeinted,
FROSION CONTROL:

1 Winimize both size of area disnurbed and tirme of exposurs,
. Divert runoff from undisturbed arcas away from the basin,

Z

1. Tlse temporary diversions to prevent serface water from ronming onio disturbed areas (Practice
330

4 Diivert sediment-laden water to upper end of the sediment pool o improve Fap effectivencas.

5. Bring all waier info the basin at low velocity.

6. Stabilize all disturbed arcas {except the lower one-half of the sediment basin} inynediately after
construciion,

SAFETY.

Becanse sediment basins that impound water & harardous:
Avoid steep slopes; slopes shouid be 2:1 of flateer,

 Fence with warning signs if trespassing is fikely.

| Tie-wator the basin between slorin evenis.

. Follow ail state and local requirsinenis o0 irnpoundment sites.

Lad Tad e
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HMaintenancs
(Exhibit 3.72-1)

* Inspect the sediment basisn afier sach storm ovent

* Remove and properly disposs of sediment when it accumulates to one-half the design volume
{ievel marked by a reference stakey (see Fxhibit 3.72-12).

* Perindically check the embankment, SHETEENCY spiliway, and cutlet for ergsion damage, pioing,
settiing, scepage, of slumping along the {oe or arcund the barrel, and repair imnnediately.

¢ Remove trash and pther debris from the riger, emergency spiliway, and w00l area.

* Clean or roplace the gravel around the riger if the sediment pool does not drain property.

# Remove the basin after the drainage area has been permanently stabilized, inspocted, aid ap-
proved. Do so by draining any waier, removing the sediment o a designated dizposal ares,

smoothing the site 1o Biend with the surrounding aren, then stabilizing,
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Eyxiinit 2.72-0. This temporary sediment basin ulilizies 2 barrel riser and a small rock spilibway. Nole the ref-
erence stake marked {o dencte half the design volume}

Cormmon
CONCEmS

Piping failure along conduit—caused by improper compaction, omizsion of anti-scep collar, leaking
pipe joints, or use of upsuitable soil,

Eresion of spillway or embankment stopes—caused by inadequate vegelation of tnproper grading
and sloping,

Shupping and/or seitiing of embankment—caused by inadequate sompaction and/or use of unsnt
able soil.

Slwmping failare-—caused by steep side slopes.

Trosica and caving below principal spillway—cansed by inadeguate outlet protection.

Hasin net located properly for access—results in difficult and costly matnienance.

Sediment not properly removed—rosulls in inadequate storage capacify.

Lark of anti-Notation—resnlis in riser damage from nphit

Lack of trash gaard—results in the riser and barrel being blocked with debris,

Pripcipal and emergency spillway elevations too Bigh relative o fop of dam-—resulis in overtop-

ping.
Sediment disposal aren not desipnated on design plans—resulis in improper disposal of accum-
Iated sediment.
Safety and/or bealth hazard from pond water—caused by gravel clogging the de-watering sysism.
Prineipal spiitway too smali-—resulis in frequent operation of emergency spiliway and lnoroased

erosion potential,




Purposes
(Exhibit 3.73-A)

A vegetative filter strip is an area wetween a sediment-producing site and a downstope site or waler

course that is to be protected from secHmentaiion,

# "y gioww the Tlow of and remove sediment from surface runcil.
* To reduce the damage associated with sedimentation,

* To improve water quality.

NOTE: Filter strip effectiveness is increased when used in conjunction with other practices, such
a5 sediment barriers, inlet profections, and sediment traps and basing,

b 3,754, A vegetalive filler strip Leeps sedimen

¢ off the rosd in 8 new subdivision.

Reguiremenis
(Fxkibits 3.73-5,

e 13

Type: Namral or man-made; pormangnt o7 CINPOTALY.

Lacation: Downslope of the sediment-producing site.

Capacity: Concentrated flow depth no greater than 24 .
Winiraum width: Based on ground slope (508 Exhibit 3.73-B}.
site conditions (see Exhibils 3. 73 grrd 37300

Seed species: Approprials 0 soi} and other

Cover density: Maintained af a 4-in. or mMoTe height.

Eehitit 1755, Mindrem Eilter Strip Widih
for Yarioys Percent BIDPES.

Grrpund slope Mintmum widih

Less than 1% 104,
1 5% piinis
S0 6% 3341
&0 % 40 1,
1o 3% S0 fr
i3 18% AR

Exhibi 3730, Sead Species and Rates for
Temporary Filter Btrips fup 1o 1 yearh.

Seed gpecies Fate vey acre

42 bs.
150 tbs.

Armusal Tvegrass
Wheat oF cereat 1ve




Egfyihit .72, Beed Species and Minimum Seeding Ratss for Peonanent Filter Strips on
Diifferant Drainsge-Dapabiiity Soils {over 1 vear).

Seed specips® Rate per acre
MODERATELY WELL AND WELL DRAINED SGILE
Creeping red fosoue 1540 260 ths,
+ anmunl ryegrass 5 Toa
Tall foscus™* 3o 30 ths,
+ gnnual ryeprass 5 Hs.
SOREWHAT POORLY, POORLY AND VERY POCRLY DRAINED SO0.5
Tall fosous™* 310 50 Jhe
+ ATTHER] FYCLTARE 3 b,

# Bpecies rafevenced in Fxhibi? 37122 sre also suliable for establishonent of Giter siripg,

** Tall fosoue provides Hitle cover for, and mav By oxic lo, some species of witdiife, The IDNR recopm-
zes the need for additions) research en ahornatives 1o al fescne, such a5 buffalopress, ercherdgrass, smooth
bromeprass, and switchgrase, This research, in conjunction with demonstration areas, should focus on wosion
comirel charsoteristics, wibdlife tovicity, twrf dovebility, and droupht resistance.

Ll

aflation TYPE TOINSTALL:
i Manemade vs. vatural B the site has bttle or oo vegetative cover aoud lead dme is sufficient e,

minimum of 4 weeks during the growing season), seed and establish 2 filter sirip bafore the wp-
sleme arvea is disourbed; if vepstative cover is already present, simply stop the sarthe-disturbing ao-
tivities at the upslope edge of the infended filter strip, lsaving the vegetation in the strip intact.

2. Permanent vi_jemporary. Consider a permanent Slher strip if the ares will nof be distorbed for
at least a vear; consider o temporary sirip if the area is o be dishwbed witlin a year,

MWEW FILTER 5TRIP

Temporarily divert runoff water away from the site wherever possible (Practice 3.21).
Distermine necessary width of the Slier strip, based on site slope, from fx/ubif 3.73-8.
Prepare the seedbed, and zpply lime and fertilizer {(Practice 3,123

Plant vegeiative species appropriate 1o the soil and other site conditions as shown in Exhibir
3,73 {temporary sinip) and Exhilit 3.73-D {permanpent sirip).

5. Apply muich or erosion control bankets (Practices 3.15 or 3.17).

EXISTING FILTER STRIP:
Determine necessary width of the fiter strip, based on site slope, from Exhibir 3.73-B.

Determine whether the exigsting vegetation is sefficient for a flter strip.
I net and gite conditions permiy, establish & new filter sivip, or overseed the arcs using & no-ti
grain drill, or feriilize existing vegetation 1o snhance growih and density.

Ins

B b

ek b e

Haointernanes *# Promptly repatr any small rills that form.
* Fortilize and Hme as needed {0 maintain the vegetation in a healthy, growing condition,
# Wow as needed but not shorier than 4 in
* If a filter strip has actively trapped sediment doring construction, periodically
the upper portion, singe sediment acowmulations may cause runcif (0 concentrate.

re-grade and re-seed

Common YVegeiation mowed too shori—ramults in kgher runoffvelocities and sedimoent damage.
CONCems Strip overwhelmed by sediment from the site above——additional upsiops erosion control measures

are needed.
tall an erosion-resistant lner.

Concentrated flow forms rills through strip—ing
[iyip nof effeciively tragping sediment—wid is insufficient for the slope or the vegetative cover

180 -nt-4

lacks density,




t Fence (Sediment Fence)

Purpose
(Exhibit 3.74-A4)

# Tq retain sediment from small, sloping disturhed areas by reducing the velooiy of sheet flow.
(NOTE: Skt fonce capres sediment by ponding water to allow deposition, not by filiration. Al-
though the practice usually works hest in conjunction with temporaty bagins, traps, o Giversions,
it can be sufficiently effective fo be used alone. 4 silt fence is not recommended for use as a di-
vergion, nor is it o be need across a stream, channel, of &
pated.}

nywhere that concenirated fow is antic

Eenihit 1744 This silt fence protects the strent from sedimnent. The tast seclion of fence is angled toward

the vacant ot fo prevent runoff from pypassing the fence.

Reguirements
(Exhibits 3.74-B
arnd O}

Drainaoe grea: Limited to 1/4 acee pery 100 f1. of fence; further restrcted by slope steepness {508
& P Y B B

Exhibit 3.74-B3.

Location: Fenoe nearly lovel, approximately following the lamd conteur, and
of siope o provide a broad, shabiow sediment pool.

Teench: ©in minimum depth, fat-boliom oF Veghaped, filled with sompacted soil or gravel (o
bury lower portion of sapport wire and/or {ence fabric.

Support posts: 2 x 2-in. hardwood posts (if used) or steel fence posts set at least 1 1L deep.* (Stcel

af least 101 fGrom ine

posts should have projections for fastening fabric.)

Spacing of pusts: 814 maximum if fence supported by wirs,

6 & for extra-sirengih fabric without wire backing. Exhibit 3.74-8. Maumum Land
Fence height: High enough so depth of impounded water Siope end Distance for Which 2

; . L. Silt Fence is Applicable.

does not exceed 14 fi. at any point along fence lne.
Suppert wire {optional): 14 gauge, 6-in. mesh wire fsnce RMiay, distance

{needed if using standard-strength fabric). Land slope abave Tenee
Fence fabric: Woven of BOG-WOVED geotextile fabric with

specified filtering efficiency and tensile strength (ses 2x- Less than 2% 100 f.

hikit 3.74-C) and containing UV inhibitors and stabilizers 210 3% AR

to ensure G-mo. minimum life at emperatares 0o 120°F, 510 10% 0

0 20% I8

¥ Same commersial silt fences come ready Lo install, with support posts at- More than 20% 154

tached and requiring no wire support. L

€22
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Exblbit 3,745, Specifications Minboums for S8 Fence Fabric.

Physical praperty Waven fabric Mop-woven fabrie
Filiering efficiency £5% 85%

Tengile strength at
20% clongation:

Standard strength 30 lpeJinear in 50 Ibe MHinear in,
Eutra strength 30 ths Ainear in, TG s Minear in.
Slurry How rate 0.3 gab/min feadt 4.5 gal /min fag. B0
Water flow rate 15 gal /mnin/sg.40 2260 gal fmindsg fL

UV resigtance 0% 85%

Cutiet {optionall: To allow for safe storm flow bypass with-out overtopping fence (see ExAibit
3.74-1%). Placed along fence line to Bmit water depth to 14 £ maximum, crest—1 . high maxi-
s weir width--4 . maximum: sphash pad-—5 & wide, 5 11 Jong, 1 & tdck muinimoem.

instaliation SITE PREPARATION:
(Exhibits 3.74-5, 1. Plan for the fonce 1o be at least 10 B from the toe of the slope to provide a scdinment siorage area,

E. and Fj 2. Provide scoess 1o the ares if sediment cleanout will be neesded,

CITLET CONSTRUCTION (GFTIONAL) (zee Exhibit 3.74-DY.

i. Determine the appropriais Jocation for 2 reinforced, stabilized bypass flow outlet (unless the
fence bs designed o rotain all runoff from a Zevr, frequency, Zd-hr. duration storm evenil

3. Set the outlet elevation so that water depth canmol exceed 194 B at the Jowest point along the
fence line.,

3. Locate the outlet weilr support posts no more than 4 R, apart, and install a borizontal brace be-
tween therm. {Weir height should be no more than than 1 #. and water depth no more thas 12§t
asnvwhere else along the fonee )

4. Excavate the foundation for the outlet splash pad to minimumms of 1 ft deep, 38 wide, and 5 &

tong on level grade,

. Fill the excavated Tundation with INDOT CA No. § stone, being careful that the finished suz-

face blends with the surroonding arss, allowing no overfall

5. Stabilize the ares aronnd the pad,

LA

Byt 3.74-L8 Overflow welr for 2 silt fence outist,

3.74-2




FENCE CONSTRUCTION (see Exhibit 3.74-E).
i. Along the entire inended fence i, dig an Bn deop flat-botomed or V-shaped trench.

2. On the downslope side of the trench, drive the wood or stesl support posts at least i fi inio the
sround (the desper the better!), spacing thom 1o Mmofe than & . apart if the fonce is sppported by
wire or 6 & if extra-sirength fabric is used without support wire. Adinst spacing, If necessary, o
ensure that posts are st at the low polnis slong the fonce fine. (NOTE: If the fence has pre-at-

tached posts or stakes, drive thern deep enpugh 5o the fabric is satisfactorily in the trench as de-

scribed in Siep 6.3
3. Fasten support wirs fence (if the
posts, extending i 8 in. info the trench,
4 Fun a continuous length of geotextile fabric in front {upstope) of the support wire and posts,
aveiding joints, particularly at low points in the fonce lne.
5, If g joint is necessary, nail the overlap to the nearest post with iath {see Exhibit 3.74-5),
& Place the bottom 1 £, of fabric in the 8-in. deep trench, extending the rematning 4 in. towasd the
upsiope side,
7. Bacldill the trench with campacted earth or gravel,
NOTE: If using a pre-packed comimercial st fence rather than constructing one, follow manu-

faergrer’s insialiation instructions.

mamifacturer recormmends ifs use} to the upsiope side of the

p/ Support wirg

Filter fabriG o -

Post 18 i,
ey (i}

4
o _ ;
Wire B oo
Sin. fn)UfiEE
st Gesl :ﬂ—-_f.éi m ==
= ¥ ¥

sitreneh with gravel

Euhibie 5,758, Detsiled sxample of siit fence instaliation (showing fat-botion and Y-shaped trenches].

Eyhibit 3,748, Detail of 5 sitt fance jolnt.

silt fence periodically and after cach storm event.

Maintenance * Inspect the
v in any way becomes ineffective, replace the affected

* I fence Tabric toars, starts o dooomposs,
portion immediately.
3.74-3



* Remove deposited sediment when it reaches half the height of the fence at its lowest point or is

couging the fabric 1o bulge.
* Take care to gvoid undermining the fonce during clean out.
* After the contributing drainage area has been sibilized, remove the fonce and sediment deposits,

hring the disturbed area to grade, and siabilize.

Comumon
concerns

(Exhibit 3.74-C)

Fence sags or collapses—because drainage area was too large, too much sediment accumuiated be-
fore cleanout, approach slops was too steep, or the fence was not adequately supported,

Yence undercut or blown out at the betfom by excessive runsff—because the fence bottom was not
properly buried at all points, the trench was not backiilied with compacted carth or gravel, the
fence was installed on excessive slope, or the fence was located across a drainagewsy.

¥enee overtopped—becanse the sediment storage arca was inadequate, no provision was made for
safe bypass of storm flow, or the fence was located across a drainageway.

Frosion oceurs around end of fence—because the fence terminated at an elevation below the top of
the sediment siorage pool, the fence terminated in an unstabilized area, or the fonce was in-

ghalled on excessive slope.
Dense soil lavers exposed by excavation or caused by equipment compaction—Cause difficuity in

driving wooden posts 1o sufficiont depth; solve by using stecl posts,

Eyhibit 17443, Concentrated How and excessive drainage sres caused these sif {ences o fall,

3744




Practice 3.75
Dam {Straw Bale Filter)

Straw Bale

Purpose
(Exhibif 3.75-4)

* e yetain sediment from small, sloping disturbed areas by reducing the velocity of sheet flow.

(NOTE: This practice should not he used 2o 3 diversion nor wsed in a stroamn, channel, or any-
whers that concentrated fow is anlicipated, nor ic it recomamended for paved surfaces because of

the lack of an anchoring sysieim. )

Exhibi 3754 This straw bale dam iz preventing sedinent runaff from & iol nnder deveiopment, The side-
wall s nnt yet installed where the bales are sished.)

Reqgulrements
(Exhibit 3.75-B)

Fffective fe: Lesg than 3 months,

Gheet flow drainage arez: Limited 1o 1/4 acre per 100 {1, of dam further restriciad by slope steep-
riess #s shown in Exhibit 3.75-B.

Wiinor swale drainage ures: Less than 2 acres.

Lacation: Nearly level, and as nearly as possibie on the land contour, and at fgast 10 ft. from tog of
slope to provide a broad, shallow sediment pool. (May run shightly off toved i it torminates i 4
tevel section with o sizhilized outler, diversion, sediment basin of frap}

Anchorieg systems: Two 36-n. long {minimum} steel rebars o 2 X 7.ip. hardwood sinkes driven
through each bale,

Baie size: 14 in x 18 in. x 36 in. minimom.

Evhibit 3,768, Madmun Land Slope and Distances Ahove g Straw Bele Darm.

Land slope Wazimum disfance above dam
Less than 2% 1001

2.5% 15

5-10% 304

10-20% 354,

More than 20% 18

instaliation
(Exchibit 3.73-C)

1. Exeavate a trench at least 4 in. deep, a bale’s width, and long encugh that the end bales are
semewhat upslope of the sediment pool (so 0o fiow can cut around them)

Place cach bale in the trench so the bindings are onented arpund the sides rather than top and
hottom (io minimize binding deterinration), and abut the bales tightly against cach other.

ol
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Anchor the dam by driving two 36-in. long
steel rebars or 2 x 2-in, hardwood stakes
through each bale natil nearly flush with
the top, {Drive the first stake toward the
provionsly laid bale to force the bales to-
pether )

4, Chink {ic, gghtly wedge) siraw inlo any
paps between the bales to prevent sediment-
iaden water from running through,

5. Backfl and compact the excavated soil

against the bales to gronod level on the

downslops side and to 4 in above ground
level on the up-stope side,

Led

Maintenance

* Inspecr-stvaw bale dams after esch storm
event, and remove any sediment deposits
promptly (io ensure adeguate storage volume
for the next raind, mldng cave ool o under-
sine the entrenched bales,

* Also inspect perindically for detenioration or - ; X
damage from construction activities, and re- g;?;ié;;;i‘?&@, Cross-section of an installed straw
pair immediately.

* Afier the contributing drainage area has beon suibilized, remove all siraw bales and sediment,
bring the disturbed area to grade, and stabilize it.

Common

concems
{Fxhibir 37518

Frosion around end of bales—becanse the dam terminates a1 an elevation below the top of the om-
porary pool or at an unstabilized area, or is located on excessive slope, or was placed in an ares
of concentrated How,

Dam over-topped-—because storage capacity is inadequate, no provigion was made for safe by-pass
of storm fow, or the drainage area was too large.

Tiarms undercut—because the bales were not entrenched 2t least 4 in. and backGlled with compacted
soil or were not sbutied or chinked properly, or the drainage arca was 100 large, or the dam was
placed in an area of concentraied flow (see Exhibit 3.75-17).

Brars collapses or dislodpes—Dhecanse the bales were not adegaataly stake
too large, too much sediment was allowed 1o accumulate before clean-cul, approach was 0o

steep, the bales deferiorated.

i, the drainage area was

Ewehibi 1.75.00, A siraw bale dam is insflective in 2 channel of zoncentraied fow.




Purpose
(Fxhibit 3.76-4)

# T prevent off-sitz sedimentation by trapping sediment on the constroction stie. (MOTE: This
practice is useful where earth 8l material is not readily available )

Exhibit 1.76.4. Rock dam with a spifway to keep discharge welaciy ow.

Requirsmenis
(Exhibits 3.76-B
and O}

Contributing drainage area: 50 acres maximum.

Dresign Hier Limited {o 3 yis

Sediment sterage: 1,800 cufl/acre disturbed (minimum) measured 111 below spitlway crest

Tiasin chape: Minimum 2:1 length-to-width ratio.

Basin ares; Variable; the larger the surface area the greater the tapping cfficiency,

Dam crest heivhi: Limited o 8 &

Spittway capacity: Peak runoff from a iy, frequency,
flow depth of 1 ft. and minimum frecboard of i fi. (Entire
moents may serve 25 spillwav.)

Dam dimensions: Top width, 5 ft. minimum; side s
downstienm,

Farth abutments: Smooth, stable, 2.1 or flatter slopes.

Rock ahuetments {to pratect earth abutments): Fxtended along downstream face 1o 1oe of dam
and at least 1 71 higher than spiliway face at all points, 2 fi. above spiliway crest, and 1 & thick,
with 2:] or fiatier side glopes,

Outlet protection: Rock apron, 1% ft. thick (minimam), zero grade, with len gih equal to hei
damn or extended to stable grade, whichever 18 graaier.

Rock material; INDOT revetment riprap.

Protection from piping: Geotextile fabnic for separation and Gitra
including earth abutments and aproi.
Basie de-watering: Through a 1-8% thick i

dam,

34-hy. duration sformn event, 3 maxirnn
ength of dam between rock abui-

topes, 201 or flatter upstream, 3:1 or fatter

wht of

tion covering entive foundation,

er of INTMOT A Mo, 5 stone on upstream Tace of the

Instaliation

STTE PREPARATION:
1 Divert ropoff from undistusbed areas away from the rock dam and basin area.

2 Excavate the foundation for the aprom, using if as a [emporary sediment basin during constrc-

tion of the dam.
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Eyhibit 3,768, Cross-section of 2 rock darm,

-~ T “ Top of rock sbulment
7 | &
i o 78
S PRTECN T g
Gravel Hlope )
faa:'mz Lk : foundation ?ﬁ«ﬁpz?%my
. g ¢ o
% Fittar
\ ol fabwic

_ e | vl apron

&

¥ T

Spliway 1O
orist "”’f _f”‘

Fock

o
g .
abidmant s

Exhibi 3780, Plan view of a rock dam with spillevay detall.

La3

. Cigar and grub the area under the dam, removing and properly di sposing of aff root mat, brsk,
and other debris,
4. Chrade the earth abutments no steeper than 201,

TIAN AND BASIN CONSTRUCTION (see Exhibits 2.76-B and O}

i FEwcavate a cuioff trench at the cenier line of the dam, extending alf the way up the carth abut-
ments, and backilf with compacted carth T

. Smooth the dam foundation.

| Cover the eatire foundation, including both earth abutments, with geotextile fabric, making suge
the upstream strips overlap the downstream strips at least I ft.

Led 3

4. Congtruct the dam o planned dimensions.

3 Omes the dam is in place, clear the sediment basin area, properly disposing of the cleared materi-
al.

& Ser s marker stake to indicate the cleanout elevation (ie., point at which the basin is 50% full of
sedimnent}

7 Thivert construction site ranoff flow into the upper end of the basin using temporary diversions

fPractice 3.31).
% Stabilize all disturbed areas except the lower balfl of the basin,




SAFETY PRECAUTIONS:

1. Hecause sediment basing that Impound w
flatter, (b} fonce with warning signs if trespassing is Hkely, {¢
events, and {d) follow 2l siate and local impoundment site requirements.

ater are hazavdous, (2} be sure sido slopes are 2:1 or
4 de-water the basin belween stor

Malntenance

* Inspect the rock dam and basin after each storm event,

* Ramove sediment when i accumulates to half the design vohune (marked by a stake).

* Check the dam and sbutments for erosion, piping, or rock displacement, and repair immediately,

% If the hasin does not drain betwosn slornms, replace the stone on the upsiream face of the dam.

# 1f the hasin draing too rapidly following & storm (i.c., less than 6 hys.), add INDOT O WNo &
gravel on the upstream face of the dam.

* {mce the contributing drainage area has beon permanently stabilized, (a) remove water and sedi-
ment from the basing (b} remove the dam, disposing of the rock in designated deposal areas; (¢}

srnooth the sife 1o blend with the surrounding area, and (d) stabilize,

Cormmon
CONRCRIS

Failure from piping aleag abutments—because the filter materinl was not properly instalied or the
PRI g £ 5

carth shutments are oo sleep.
Srone displacement from face of dam——Dbetause stone size ig too small or the face is oo steep.
Erasion below dam-—because the apron was not extended o stable grade.
Eresion of shutments during spillway {low-—because the rock abutment i3 not high enough,
Sedipent carried through spillway—because the drainage area is (0o farge; (o solve, divert runoff
from the undisturbed arca away from the basin.
Sediment loss through dam-—becanse the layer of aggregaie on the
enough or is too coarse to restrict fow through the dam,

upstream face is not thick

(}!}

L8]



APPENDIX C

IDNR BROUCHURE: EROSION AND SEDIMENT
CONTROL FOR INDIVIDUAL BUILDING SITES



Additional References

Other resourcesare availableto assist you in taking better care of your construction site.

Indiana Handbook for Erosion Control
in Developing Areas
Providesingallationinstructionsonfive of themore

commonly used building Site erosion and sediment Iﬂ' .
control practices. Availablefromthelndiana fb dfﬂn
Department of Natural Resources, Customer Service r

Center, 402 West Washington Street, W-160,
Indianapolis, IN 46204, 317/232-4200.

Soil Surveys

Another valuablereferencewhen buildingahomeis
your county’sdetailed soil survey report, which
containsinformation about soil hazardsand limitations
(such aswetness) that may need to be addressed at
thetimeof the construction. Single copiesof soil
surveysareavailableat your local Soil and Water
Conservation District (SWCD) officeor theUSDA
Natural Resources Conservation Service, 6013
Lakeside Boulevard, Indianapolis, IN 46278-2933,
317/290-3200 or 317/290-3225 FAX.

Divisonof Soil Conservation
Indiana Department of Natural Resources
402 West Washington Street, Room W-265
Indianapolis, IN 46204-2782
317/233-3870
317/233-3882 FAX
www.state.in.us/dnr/soilcons

The Indiana Department of Natural Resources prohibits discrimination on the basis of race, color, national origin, age, sex, or disability.
If you believe you have been discriminated against in any program, activity, or facility as described above, or if you desire further
information, please writeto IDNR Executive Office, 402 West Washington Street, Room W-265, Indianapolis, IN 46204 (317/232-4020).

Revised September 2001
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Erosion & Sediment Control for
Individual Building Sites

Soil erosion and resulting sedimentation
are a leading cause of water quality
problemsin Indiana. Although erosion
haslong been associated with agricultura
activities, itisalso amajor concern at
construction sites, if thedisturbed land
is left unprotected. Every phase of a
construction project hasthe potential of
contributing significant quantities of
sediment-laden runoff. Therefore, asa
Steisdeveloped, dl who areassociated
with a project must do their part to
control erosion.

Thedeveloper istheprimary entity having

responsibility for controlling erosion,
sedimentation, and stormwater runoff associated with the overall construction project. Heor sheis
expectedtoinstall effective sediment control practicesand implement an aggressive seeding program
to addresserod on and sedimentation. A seeding program can provideafinancid benefit to the devel oper
because studieshave shown vegetated | otstypicaly haveahigher sale potentia than un-vegetated lots.
Oneaf themain componentsduring theinitia phasesof congructionistheingdlation of theinfrastructure
(e.g., roads, utilities, and sormwater management systems). Astheinfrastructureisingaled, it gradudly
transformsinto avery efficient conveyor of ssormwater runoff and the associ ated pollutants. In many
communities, devel opersare expected to use appropriate ssormwater management practicesthat will

reduce theimpact of increased runoff associated with the

This pamphlet addresses erosion construction project.

and sediment control on an Thefina phaseof most projectsisthe construction that takes
individual buildinglot, typically | place on building sites. As individual lot construction
oneacreor lessinsize. progresses, residents and businesses begin to occupy

buildingsthat have been completed. Sedimentationinroads,
streets, and stormwater drainage systemsmay now become anuisance and potential safety hazardto
businessesandtheir clienteleaswell asresidents of the devel opment. The severity of theseimpactsis
oftendirectly related to theintensity of individual lot construction. Onceindependent construction
activitiescommenceon anindividua residential or commercia building lot(s), thedevel oper doesnot
necessarily maintain theauthority or responsbility to addresserosion, sedimentation, and slormwater
runoff. Oftentimestheserespongbilitiesare passed onto theindividud lot ownersand/or their respective
contractors.

Thispamphlet addresses erosi on and sediment control on anindividua building lot, typically oneacre
or lessinsize. Firgt, it looks at some consequences of construction site erosion and presentsfour
principlesimportant for control. Next, it addressestheissue of proper ot drainage. Thenit presents
the seven stepswithin aconstruction sequence that should result in effective erosion control. Also
included areinstallation instructionsfor several commonly used building site erosion and sediment
control practices, aswell assuggested reference materialsand sourcesfor further assistance.



Primary Concerns Related to Erosion and Sedimentation

Water Quality B Temporary Downspout Extenders

Sediment isthe number one pollutant, by volume, of surfacewatersinthe
state of Indiana. Itimpactswater quality by degrading the habitat of aquatic
organismsand fish, by decreasing recreational value, and by promoting the
growth of nuisanceweedsand algee.

1. Install extendersas soon asguttersand downspoutsare
installed to prevent erosion from roof runoff.

’I 2. Usenon-perforated (un-dotted) drainagetile.

; 3. Routewater to astable grassed or paved areaor to the
ﬁl storm sewer. Do not route water directly to astreet or
sdewalk inthewinter duetotheformation of ice.

Flooding

Sediment accumulationin streams, lakes, and riversreducestheir capacity to
contain stormwater, which can result inincreased flooding.

Stake and twine anchors L
Mgy Non-perforated tle 4. Remove downspout extendersafter vegetationis
1] 4

established.

Local Taxes

Sediment that findsitsway into streets, storm sewers, and ditchesresultsin
additional maintenance costsfor local, sate, and federal governments.

.:E._.._——.
e LT

= -._l By i

Property Values

Sediment deposits not only impair water quality but al so damage property,
thusreducingitsuseand vaue.

Drop Inlet Protection

1. Congtruct asix-inch dikeon thedown slope

Sample Erosion / Sediment Control Plan sideto prevent bypassflow.

S _ _ _ _ N _ 2. Digatrench eight inchesdeep and four inches
Every building site is unique and poses its own potential erosion hazards. In many instances, additional or alternative control wide
methods are necessary if the lot is adjacent to a creek, lake, or wetland; slopes are greater than six percent; receives runoff from
adjacent areas; and/or more than one acre of ground is disturbed. 3. Space support postsevenly against theinlet

NOT_ES - perimeter amaximum of four feet apart, and
L g stz ezsane b"'t{ €] thﬁ pmpe'lrty owng drivethem about 1.5-feet into theground
e _ ) and contractor to comply with State laws an ' '
_______ ;ﬁ R local and county ordinances regarding 4. Cut enoughfilter fabricfromasingleroll to
— o * construction site erosion and sediment control. diminatejoints.
s & UTSEEN Isenly e oG enelisme 5. Usinglath and nails, fasten thefabric to the Wigod Frame
shackple ' intended to be all inclusive or address every < x
[ X p— + situation, additional or modified practices may POSLS.
R i i | . . 1.5 1. JE
B e be reqired on some sites 6. Place 12-inchesof fabricinthetrench, Compacted fill o {H;I ) ; T
{ b 1 - ?dni;?:nc;? x iedngﬁ:‘;‘r:‘oeg”tﬂrmzf muist be extending the bottom four inchestoward the ) S =
& .
2 ' . updopeside. 3t (max.)
= i construction. o _ _ o X '
E . — | . & 4. Maintain positive drainage away from the 7. Joinsilt fence sectionsby using awrapjoint X t l
. . . . 1 "
. _ . structure(s). 8. Backfill trenchwith soil materialsand L y
b . g ' 1 compact.
: Erasien Controd Legend
l K E v ) P 9. Crossbracethe cornersto prevent collapse.
l = i _ : S — 10. Inspect at least weekly and after each storm Profile
B l ' ] H event, and repair as needed, and remove T
. ———* Mished grae :
s PN g LS i acwmulated sedi ments_after_ every sorm.
OO OO - - T NP Note: Either follow the directions above, or e o
= o S r—— ZE| vl saboe ard utkzston utilize a pre-manufactured drop inlet e T Allow Fn?""-aw
pataction protection device. These products are available e | ponded runoff -
ﬁ prrmanent seerhng - S prea should S — e e

Eapecied, seexied, & rrekcieed by o commercially in awide variety of materials ,



Erosion & Sediment Control Practices

Silt Fences

7. Backfill trench with soil materialsand compact.

8. Inspect at |east weekly and after each storm event,
repairing as needed and removing sediment deposits
when they reach one-half thefence height.

Note: St fence has a life expectancy of six months to one

year, whereas straw bale barriers have a limited life of

three months or less.

Exterd end of ferce upslope
=0 that bottom of fence ends
at top of ferce elevabion

F - = 5 m

Flace fence an cantour at levwsl gracde

1. Ingtal st fencepardld to the contour of
theland.

2. Extend endsupslopeto allow water to
pond behind fence.

3. Excavateatrench 4-incheswide, 8-inches |
deep. by

4. Ingtall fencewith postson thedown slope
side.

5. Place 12-inchesof fabricinthetrench,

extending the bottom four inchestoward
the upslope side.

6. Join gt fence sectionshby using awrap
joint.

Cross-Section of Silt Fence

Fitter fabric

# G oy ; K A2 7l
Fitter fabeic extanded= - .~
upslope in tranch

distanoa o

s ,,-;i?,;‘-ib",
.’ ] o
) '!P""‘."E-?r"-"f T

e
Getitike Fbric to stabilize pad g e s
foundation [pepecialy important where "T‘-'I"
wBtrkess 5 anticipated). e

1. Placesix inchesof coarseaggregate (INDOT CA No. 2)
over astable subgrade.

2. Construct thedriveat least 12-feet wide and 50-feet long or
thedistanceto thefoundation.

3. Add stone as needed to maintain six inches of clean depth.
4. Toimprovestability or if wet conditionsare anticipated, place geotextilefabric on the graded foundation.

Controlling Building Site Erosion & Sedimentation

Erosion control isimportant onany
building sSiteregardlessof itssize.
Usudly, principlesand methodsfor
controlling erosion and reducing off-
Stesedimentation arerelatively smple
andinexpensive. Herearefour basic
stepsto follow when developing a
buildingste.

Evaluatethe Site

Inventory and eval uatethe resources
onthelot beforebuilding. Location of

possible, preserveexisting
vegetation to help control erosion
and off-ste sedimentation.

Sdlect & Install Initial Erosion/
Sediment Contr ol Practices

Determinethe specific practices
needed, andinstall them before
clearingthe site. Among themore
commonly used practicesare
vegetativefilter srips, slt fences,
gravel drives, andinlet protection.

inspected twiceaweek and after
eachrainfall event. Whenaproblem
isidentified, repair or replacethe
practiceimmediately. If frequent
repairsarerequired, another more
substantial practicemay needto be
selected. In addition, any sediment
that istracked onto the street should
be scraped and depositedina
protected area. Do not flush sediment
from the street with water.

Revegetate the Site

structures should be based on the
lot’ snaturd features. |dentify trees :
that you want to save and vegetation MaintenanceProgram

that will remain during construction. Maintenanceof al practicesis
Alsoidentify areasswhereyouwantto  essentid for themtofunction
limit congtructiontraffic. Wherever properly. Practicesshould be

Develop aPractice Establish vegetation assoon as

possible. A well-maintained lot hasa
higher sdlepotential.

Building Lot Drainage

Thebest timeto providefor adequatelot drainageis
before construction begins. With proper planning, most
drainage problems can be avoided. That’simportant
because correcting aproblem after it occursisusually
much moredifficult and costly. Here swhat it takesto
ensure good ot surface and subsurface drainage.

SurfaceDrainage

- Position the structure aminimum of 18 inchesabove
dreetlevel.

- Divert ssormwater runoff away fromthe structure by
gradingthelawnto provideat least sx inchesof vertica
fal inthefirst tenfeet of horizontal distance.

- Construct sideand rear yard swalesto take surface
water away from thestructure. )

-Avaidfillinginexigingdrainagechannesand  j
roadsideditches, sincethat could resultin -
wetness problems on someone

else’sproperty and/or

SubsurfaceDrainage

- Provide an outlet for foundation or footer
drainsandfor generd lot drainageby using
storm sewers (whereallowed), or obtain
drainage easementsif you must crossadjoining
properties.

- If you accidently cut through anexigtingfield
tile, assumethat it carrieswater evenif
currently dry; therefore, reroute (using the

damageto samesizetile) around the structure or septic
adjacent road field, then reconnect it.
surfaces.
—~—
|:| il T (v :



Construction Sequence for Erosion & Sediment Control

Evaluate the Site

Beforecongtruction, evaluatethesite;
mark vegetative areas and treesto be
protected, unique areasto preserve,
on-site septic system absorption
fields, and vegetation suitablefor filter
strips, especialy in perimeter areas.

| dentify Vegetation to be Saved

Select and identify thetrees, shrubs
and other vegetation to be saved (see
Sep 2: “ Veegetative Filter Srips’).

Protect Trees & Sensitive Areas

+ To prevent root damage, do not
grade, burn, place soil piles, or park
vehiclesnear treesor in areasmarked
for preservation.

+ Placeplastic mesh or snow fence
barriersaroundthetrees driplinesto
protect the areabel ow their branches.

+ Placeaphysical barrier, suchas
plasticfencing, around thearea
designated for aseptic system
absorptionfield (if applicable).

Install Perimeter Erosion

and Sediment Controls
| dentify the areaswhere sediment-
laden runoff could leavethe
congdructionsite, andingtall
perimeter controlsto minimizethe
potential for off-site sedimentation.
It simportant that perimeter controls
arein place beforeany earth-
moving activitiesbegin.

Protect Down-SlopeAreas
with VegetativeFilter Srips

+ Ondopesof lessthan six
percent, preserve a20-to 30-foot
wide(minimum) vegetative buffer
strip around the perimeter of the
property, and useit asafilter strip
for trapping sediment.

+ Do not mow filter strip
vegetation shorter than four inches.

Protect Down-SlopeAreas
with Silt Fencesand Other
AppropriatePractices

¢ Usesltfencingaongthe
perimeter of thelot’sdownd ope
side(s) to trap sediment. Refer to
silt fences practices.

Install Gravel Drive

¢ Redtrict al lot accesstothis
driveto prevent vehiclesfrom
tracking mud onto roadway's. Refer
to gravel construction entrances.

Protect Sorm Sewer Inlets

Curbinlet protection devicesare
not efficient inremoving sediment
from sormwater runoff. Additiond
erosion and sediment control
measures must beincorporated into
the plan and the day-to-day
congruction operationsto minimize
theamount of sediment enteringa
street. Thebest defensein
controlling sedimentationisthe
ingtalation of perimeter protection
downd opeof the construction
activity usng gravel congruction
entrancesand daily cleaningand
removal of sediment from streets.
Evenwiththesemeasures
implemented, sediment and tracked
soil will findtheir way intothe
street. “ The Indiana Handbook
for Erosion Control in

Developing Areas’ contains
standardsand specificationsfor
severd curbinlet protection devices
and thereareanumber of commercia
curbinlet protection devicesonthe
market that are designed to capture
sediment. However, these practices
arenot designedtotraplarge
amountsof sediment and require
frequent maintenanceif they areto
remain effective. When selectinga
curbinlet protectionmeasure, itis
important to select adevicethat does
not block theinlet entirely. Total
obstruction of theinlet will cause
excessve ponding andinsome
situationsbypassflow that may result
ineroson.

+ Protect on-site storm sewer drop
inletswith st fencemateria, straw
bales, or equivalent measures. Refer
to drop inlet protection diagram.

Prepare the Site for
Construction
Preparethe sitefor constructionand
foringalation of utilities. Makesure
all contractors (especially the
excavating contractor) are aware of
areasto be protected.

Salvage and Stockpile Topsoil or
Subsoil

+ Removetopsoil (typically the
upper four to six inches of the soil
material) and stockpile.

+ Removesubsoil, including any
excavated materia associated with
basement construction, and stockpile
separately from thetopsoil.

¢ Onsmal building sites, it may not
befeas bleto stockpile soil material
on eachindividud lot dueto space
limitations. Inthesesituations, soil
materia should betransported to

protected areas designated on the
overal construction plan or those
areasdesignated by the devel oper.

+ Locatethe stockpilesaway from
any downdopestreet, driveway,
stream, lake, wetland, ditchor
drainageway.

+ |Immediately after stockpiling,
temporary seed the stockpileswith
annual ryeor winter wheat and/or
ingtall sediment barriersaroundthe
perimeter of thepiles.

Build Structure(s) and

Install Utilities
Construct thehomeandingtall the
utilities, dsoingd| thesewage
disposa system and drill water well
(if applicable); then consider the
following:

Install Downspout Extenders

+ Although not required,
downspout extendersarehighly
recommended asameans of
preventing lot erosion from roof
runoff.

¢ Addtheextendersassoon as
the guttersand downspoutsare
ingaled.

+ Besuretheextendershavea
stable outlet, such asapaved area,
or awell vegetated area. Do not
route runoff directly toastreetin
winter dueto theformation of ice.
Refer to temporary downspout
extenders diagram.

+ Water newly seeded or sodded
areasevery day or twoto keep the
soil moist. Lesswatering isneeded
oncegrassistwoinchestall.

Maintain Control
Practices
Maintainal eroson and sediment
control practicesuntil construction
iscompleted andthelotis

dabilized. Mulch Newly Seeded Areas

+ Inspect the control practicesa * Spread straw mulch on newly

minimum of twiceaweek and seeded areas, using one and one-
after each storm event, making half to two bales of straw per 1,000
any needed repairsimmediately. squarefeet.

+ Towardtheend of theeach
work day, sweep or scrape up
any soil tracked onto roadway(s).
Do not flush areaswith water.

+ Onflat or gently dopingland,
anchor themulch by crimping it two
tofour inchesinto the soil. On steep
dopes, anchor themulch with
netting or tackifiers. An dternative
to anchored mulchwould bethe

Revegetate Bul |di ng useof erosion control blankets.

Site

Immediatdly after dl outsde
congruction activitiesare
completed, stabilizethelot with
sod, seed, and/ or mulch.

Remove Remaining
8 Temporary Control
M easur es
Oncethe sod and/or vegetationis
wdl | established, removeany
remaining temporary erosionand
sediment control practices, such as:

Redistributethe Stockpiled
Subsoil and Topsoil

+ Spread the stockpiled subsoil

torough grade. + Removedownspout extenders.

+ Spread the stockpiled topsoil Or, shortento outl et on an established
toadepth of four tosix inchesover  vegetated areg, dlowing for maximum
rough-graded aress. filtration.

¢ Fertilizeandlimeaccordingto ¢ Removestorm sewer inlet
soil test resultsor recommendations  protection measures.

of aseed supplier or a
professiond landscaping
contractor.

Seed or Sod Bare Areas

+ Contact local seed
suppliersor professond
landscaping contractorsfor
recommended seeding mixtures
andrates.

+ Follow recommendations
of aprofessiona landscaping
contractor for insta lation of
sod.




APPENDIX D

WORKSHEETS FROM NRCS TR NO. 55: URBAN
HYDROLOGY FOR SMALL WATERSHEDS



Worksheet 2: Runoff curve number and runoff

] Developed

Project By Date
Location Checked Date
Check one: |:| Present

; - 1
Soil name Cover description CN Area Product
and of
hydrologic CN x area
group o @ 3 | Oacres
(cover type, treatment, and hydrologic condition; percent PN o e | Omi2
(appendix A) impervious; unconnected/connected impervious area ratio) g UE_» ui’_» 0%

1. Runoff curve number

2. Runoff

CN (weighted) = _total product -

1 .
Y Use only one CN source per line

total area

Frequency ...........

Rainfall, P (24-hou
Runoff, Q

(Use P and CN with table 2-1, figure 2-1, or
equations 2-3 and 2-4)

Storm #1

Totals

Use CNIp

Storm #2

Storm #3

R in

(210-VI-TR-55, Second Ed., June 1986)



Worksheet 3: Time of Concentration (T¢) or travel time (Tt)

Project

By

Date

Location

Checked

Date

—_

o > 0D

12
13
14
15
16

20

10.
11.

17.
18.
19.

Check one: D Present |:| Developed

Check one: [] Te ] Tt through subarea

Notes: Space for as many as two segments per flow type can be used for each worksheet.
Include a map, schematic, or description of flow segments.

Segment ID
Surface description (table 3-1) ......ccccveeiiiiiieeeee,

Manning’s roughness coefficient, n (table 3-1) ..........
Flow length, L (total L 1 300 ft) .....ooocieeiiiiiieeeee ft
Two-year 24-hour rainfall, Py ..., in
Land SIope, S .cocoeeiiiieeeeiee e fi/ft
Ty=_ 0.007 (nL) 0.8 Compute Tt ......... hr
P, 0.5 504
Segment ID
Surface description (paved or unpaved) .....................
Flow length, L ..o ft
Watercourse slope, S ...eoiveviiieeei i ft/ft
Average velocity, V (figure 3-1) ...cccooviviiiiiiieeens ft/s
Ti= L Compute Tt ........... hr
3600 V
Segment ID
. Cross sectional flow area, a ..........ccceceevveeeeeneenee ft2
. Wetted perimeter, Py -oceeeeeereeieeiiieee e ft
. Hydraulic radius, r= 2 Computer ...cccveeeeeeeeeennnnn, ft
Channel slope, s ...... pW ........................................... ft/ft
. Manning’s roughness coefficient, N .........cccccceeiieen.
v=_149r28g12 Compute V ................ ft/s
Flowtength, L .coeeeeee e ft
Tyg=__ L Compute Tt .ocveveeeee. hr

|+ |

|+ |

3600 V ,
. Watershed or subarea T or T; (add T in steps 6, 11, and 19)

Hr

(210-VI-TR-55, Second Ed., June 1986)



Worksheet 4: Graphical Peak Discharge method

Project By Date
Location Checked Date
Check one: D Present |:| Developed
1. Data
Drainage area ........ccccoeeceviieeeeieeeieniine Am = mi2 (acres/640)
Runoff curve number ...........occociiiiiiieennns CN = (From worksheet 2)
Time of concentration ...........cccccveiiiieennie Te= hr (From worksheet 3)
Rainfall distribution ..........ccccccoeviciiiiinnennnnn. = (1, 1A, 1111
Pond and swamp areas sprea
throughout watershed ............cccoovcciiiennnnnnn. = percent of A, ( acres or mi2 covered)

Storm #1 | Storm #2 | Storm #3

2. Frequency

.................................................................................... yr
3. Rainfall, P (24-hOUr) ...eeeeeeeieee e e in
4. Initial abstraction, lg ... in
(Use CN with table 4-1)
5.Compute [q/P .o
6. Unit peak discharge, g, ......cccccovevienieicnieniesece e csm/in
(Use T and I /P with exhibit 4— )
78 {1 T ] 7 in
(From worksheet 2) Figure 2-6
8. Pond and swamp adjustment factor, Fpy ....ooooviiiiiiiiiiiie,
(Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
zero percent pond ans swamp area.)
9. Peak dischargs, gp ..., ft3/s

(Where qp = quAmQFp)

D4 (210-VI-TR-55, Second Ed., June 1986)
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Worksheet 6a: Detention basin storage, peak outflow discharge (q,) known

Project By Date
Location Checked Date
Check one: D Present |:| Developed
(V)
(@]
3 _
[2)
L]
o
C
i)
T
> _
(0]
w
L]
Detention basin storage ( acre feet )
1. Data:
Drainage area .............. Am = mi2 6 Vs s
Rainfall distribution _ V—r
type (1, 1A, 11, 11h) (Use Y% with figure 6-1)
1t | 2nd |
Stage | Stage 7. Runoff, Q ................. in
( From worksheet 2)
2. Frequency ................. yr 8. Runoff volume
Vi, ac ft
3. Peak inflow (Vr = QAn 53.33)
discharge g ........... ft3/s 9. Storage volume,
(from worksheet 4 or 5b) VS e, ac-ft
1/
4. Peak outflow (Vs =Vr(18))
discharge C PR ft3/s r
10. Maximum storage E

5. Compute q_o ................

q;

1/ 2nd stage a, includes 1st stage a,

(from plot)

(210-VI-TR-55, Second Ed., June 1986)



Worksheet 6b: Detention basin storage, storage volume (V) known

Project By Date

Location Checked Date

Check one: D Present |:| Developed

(0]
o) _
8
(%))
]
o
c
2
©
> _
(0]
w
L]
Detention basin storage
1. Data: v
Drainage area .............. Am = mi2 s
Rainfall distribuiion 6. Compute T
type (I, 1A, 11, 111 = r
q
1st ond 7. O n
Stage | Stage 9
(Use ﬁ with figure 6-1)
2. Frequency ........cc....... yr Vr
8. Peak inflow discharge
3. Storage volume Qi e n
VS ....................... aC‘ft ( From Worksheet 4 or 5b)
1/
9. Peak outflow discharge
4_ Runoff, Q ______________ |n qO ......................... ftS/S
from worksheet 2
( : (o =ai (%))
i
5. Runoff volume ..... ac-ft

10. Maximum storage E 5

(Vy = QA 53.33) (from plot)

1/ 2nd stage 9, includes 1st stage 9,,.

D-8 (210-VI-TR-55, Second Ed., June 1986)



APPENDIX E

BMP CONSTRUCTION INSPECTION CHECKLISTS



Stormwater Practice Construction Inspection Pond

Stormwater Pond Construction Inspection Checklist

Project:
Location:
Site Status:

Date:

Time:

Inspector:

SATISFACTORY /
CONSTRUCTION SEQUENCE COMMENTS
UNSATISFACTORY

1. Materials and Equipment

Pipe and appurtenances on-site prior to
construction and dimensions checked

1. Material (including protective coating, if
specified)

2. Diameter

3. Dimensions of metal riser or pre-cast
concrete outlet structure

4. Required dimensions between water control
structures (orifices, weirs, etc.) are in
accordance with approved plans

5. Barrel stub for prefabricated pipe structures
at proper angle for design barrel slope

6. Number and dimensions of prefabricated
anti-seep collars

7. Watertight connectors and gaskets

8. Outlet drain valve

Project benchmark near pond site

Equipment for temporary de-watering




Stormwater Practice Construction Inspection

Pond

CONSTRUCTION SEQUENCE

SATISFACTORY /
UNSATISFACTORY

COMMENTS

2. Subgrade Preparation

Area beneath embankment stripped of all
vegetation, topsoil, and organic matter

3. Pipe Spillway Installation

Method of installation detailed on plans

A. Bed preparation

slopes

Installation trench excavated with specified side

Stable, uniform, dry subgrade of relatively
impervious material (If subgrade is wet,

proceeding with installation)

contractor shall have defined steps before

Invert at proper elevation and grade

B. Pipe placement

Metal / plastic pipe

1. Watertight connectors and gaskets
properly installed

2. Anti-seep collars properly spaced and
having watertight connections to pipe

3. Backfill placed and tamped by hand
under Ahaunchesf of pipe

4. Remaining backfill placed in max. 8 inch
lifts using small power tamping equipment
until 2 feet cover over pipe is reached




Stormwater Practice Construction Inspection

Pond

CONSTRUCTION SEQUENCE

SATISFACTORY /
UNSATISFACTORY

COMMENTS

3. Pipe Spillway Installation

Concrete pipe

1. Pipe set on blocks or concrete slab for
pouring of low cradle

2. Pipe installed with rubber gasket joints
with no spalling in gasket interface area

3. Excavation for lower half of anti-seep
collar(s) with reinforcing steel set

4. Entire area where anti-seep collar(s) will
come in contact with pipe coated with
mastic or other approved waterproof
sealant

5. Low cradle and bottom half of anti-seep
collar installed as monolithic pour and of an
approved mix

6. Upper half of anti-seep collar(s) formed
with reinforcing steel set

7. Concrete for collar of an approved mix
and vibrated into place (protected from
freezing while curing, if necessary)

8. Forms stripped and collar inspected for
honeycomb prior to backfilling. Parge if
necessary.

C. Backfilling

Fill placed in maximum 8 inch lifts

Backfill taken minimum 2 feet above top of anti-

seep collar elevation before traversing with
heavy equipment




Stormwater Practice Construction Inspection Pond

SATISFACTORY /
CONSTRUCTION SEQUENCE COMMENTS
UNSATISFACTORY

4. Riser / Outlet Structure Installation

Riser located within embankment

A. Metal riser

Riser base excavated or formed on stable
subgrade to design dimensions

Set on blocks to design elevations and plumbed

Reinforcing bars placed at right angles and
projecting into sides of riser

Concrete poured so as to fill inside of riser to
invert of barrel

B. Pre-cast concrete structure

Dry and stable subgrade

Riser base set to design elevation

If more than one section, no spalling in gasket
interface area; gasket or approved caulking
material placed securely

Watertight and structurally sound collar or
gasket joint where structure connects to pipe
spillway

C. Poured concrete structure

Footing excavated or formed on stable
subgrade, to design dimensions with reinforcing
steel set

Structure formed to design dimensions, with
reinforcing steel set as per plan

Concrete of an approved mix and vibrated into
place (protected from freezing while curing, if
necessary)

Forms stripped & inspected for Ahoneycomb(




Stormwater Practice Construction Inspection

Pond

CONSTRUCTION SEQUENCE

SATISFACTORY /
UNSATISFACTORY

COMMENTS

prior to backfilling; parge if necessary

5. Embankment Construction

Fill material

Compaction

Embankment

1. Fill placed in specified lifts and compacted
with appropriate equipment

2. Constructed to design cross-section, side
slopes and top width

3. Constructed to design elevation plus
allowance for settlement

6. Impounded Area Construction

Excavated / graded to design contours and side
slopes

Inlet pipes have adequate outfall protection

Forebay(s)

Pond benches

7. Earth Emergency Spillway Construction

Spillway located in cut or structurally stabilized with
riprap, gabions, concrete, etc.

Excavated to proper cross-section, side slopes and
bottom width

Entrance channel, crest, and exit channel
constructed to design grades and elevations




Stormwater Practice Construction Inspection

Pond

CONSTRUCTION SEQUENCE

SATISFACTORY /

UNSATISFACTORY

COMMENTS

8. Outlet Protection

A. End section

Securely in place and properly backfilled

B. Endwall

Footing excavated or formed on stable

subgrade, to design dimensions and reinforcing

steel set, if specified

Endwall formed to design dimensions with
reinforcing steel set as per plan

Concrete of an approved mix and vibrated into
place (protected from freezing, if necessary)

Forms stripped and structure inspected for
Ahoneycomb( prior to backfilling; parge if
necessary

C. Riprap apron / channel

Apron / channel excavated to design cross-

section with proper transition to existing ground

Filter fabric in place

Stone sized as per plan and uniformly place at
the thickness specified

9. Vegetative Stabilization

Approved seed mixture or sod

Proper surface preparation and required soil
amendments

Excelsior mat or other stabilization, as per plan




Stormwater Practice Construction Inspection

Pond

CONSTRUCTION SEQUENCE

SATISFACTORY /
UNSATISFACTORY

COMMENTS

10. Miscellaneous

Drain for ponds having a permanent pool

Trash rack / anti-vortex device secured to outlet
structure

Trash protection for low flow pipes, orifices, etc.

Fencing (when required)

Access road

Set aside for clean-out maintenance

Comments:

Actions to be Taken:




Stormwater Practice Construction Inspection Pond




Stormwater Practice Construction Inspection Bioretention

Bioretention Construction Inspection Checklist

Project:
Location:
Site Status:

Date:

Time:

Inspector:

SATISFACTORY /
CONSTRUCTION SEQUENCE COMMENTS
UNSATISFACTORY

1. Pre-Construction

Pre-construction meeting

Runoff diverted

Facility area cleared

If designed as exfilter, soil testing for
permeability

Facility location staked out

2. Excavation

Size and location

Lateral slopes completely level

If designed as exfilter, ensure that
excavation does not compact susoils.
Longitudinal slopes within design
range




Stormwater Practice Construction Inspection

Bioretention

CONSTRUCTION SEQUENCE

SATISFACTORY /
UNSATISFACTORY

COMMENTS

3. Structural Components

Stone diaphragm installed correctly

Outlets installed correctly

Underdrain

Pretreatment devices installed

Soil bed composition and texture

4. Vegetation

Complies with planting specs

Topsoil adequate in composition and
placement

Adequate erosion control measures in
place

5. Final Inspection

Dimensions

Proper stone diaphragm

Proper outlet

Soil/ filter bed permeability testing

Effective stand of vegetation and
stabilization

Construction generated sediments
removed

Contributing watershed stabilized
before flow is diverted to the practice




Stormwater Practice Construction Inspection Bioretention

Comments:

Actions to be Taken:




Stormwater Practice Construction Inspection Sand/ Organic Filter

Sand/Organic Filter System Construction Inspection Checklist

Project:
Location:
Site Status:

Date:

Time:

Inspector:

SATISFACTORY /
CONSTRUCTION SEQUENCE COMMENTS
UNSATISFACTORY

1. Pre-construction
Pre-construction meeting

Runoff diverted

Facility area cleared

Facility location staked out

2. Excavation

Size and location

Side slopes stable

Foundation cleared of debris

If designed as exfilter, excavation does
not compact subsoils

Foundation area compacted




Stormwater Practice Construction Inspection

Sand/ Organic Filter

3. Structural Components

Dimensions and materials

Forms adequately sized

Concrete meets standards

Prefabricated joints sealed

Underdrains (size, materials)

4. Completed Facility Components

24 hour water filled test

Contributing area stabilized

Filter material per specification

Underdrains installed to grade

Flow diversion structure properly
installed

Pretreatment devices properly installed

Level overflow weirs, multiple orifices,
distribution slots

5. Final Inspection

Dimensions

Surface completely level

Structural components

Proper outlet

Ensure that site is properly stabilized
before flow is directed to the structure.




Stormwater Practice Construction Inspection Sand/ Organic Filter

Comments:

Actions to be Taken:




Stormwater Practice Construction Inspection Open Channel System

Open Channel System Construction Inspection Checkilist

Project:
Location:
Site Status:

Date:

Time:

Inspector:

SATISFACTORY /
CONSTRUCTION SEQUENCE COMMENTS
UNSATISFACTORY

1. Pre-Construction

Runoff diverted

Area stabilized

Facility location staked out

2. Excavation

Size and location

Side slope stable

Soil permeability

Groundwater / bedrock

Lateral slopes completely level

Longitudinal slopes within design
range

3. Check dams

Dimensions

Spacing

Materials




Stormwater Practice Construction Inspection

Open Channel System

CONSTRUCTION SEQUENCE

SATISFACTORY /
UNSATISFACTORY

COMMENTS

4. Structural Components

Underdrain installed correctly

Inflow installed correctly

Pretreatment devices installed

5. Vegetation

Complies with planting specifications

Topsoil adequate in composition and
placement

Adequate erosion control measures in
place

6. Final inspection

Dimensions

Check dams

Proper outlet

Effective stand of vegetation and
stabilization

Comments:




Stormwater Practice Construction Inspection Open Channel System

Actions to be Taken:




APPENDIX F

BMP OPERATION, MAINTENANCE, AND
MANAGEMENT INSPECTION CHECKLISTS



Operation, Maintenance & Management Pond

Stormwater Pond Operation, Maintenance,
and Management Inspection Checklist

Project:

Location:

Site Status:

Date:

Time:

Inspector:

Satisfactory /

Unsatisfactory Comments

Maintenance ltem

1. Embarkment and emergency spillway (Annual, After Major Storms)

1. Vegetation and ground cover adequate

2. Embarkment erosion

3. Animal burrows

4. Unauthorized planting

ol

. Cracking, bulging, or sliding of dam

a. Upstream face

b. Downstream face

c. At or beyond toe

downstream

upstream

d. Emergency spillway

6.Pond, toe & chimney drains clear and functioning

7.Seeps/leaks on downstream face




Operation, Maintenance & Management Pond

Satisfactory /

Unsatisfactory Comments

Maintenance ltem

8.Slope protection or riprap failure

9. Vertical/horizontal alignment of top of dam “As-Built”

10. Emergency spillway clear of obstructions and debris

11. Other (specify)

2. Riser and principal spillway (Annual)

Type: Reinforced concrete
Corrugated pipe
Masonry

1. Low flow orifice obstructed

2. Low flow trash rack.
a. Debris removal necessary

b. Corrosion control

3. Weir trash rack maintenance
a. Debris removal necessary

b. corrosion control

4. Excessive sediment
accumulation insider riser

5. Concrete/masonry condition
riser and barrels
a. cracks or displacement

b. Minor spalling (<1")

c. Major spalling (rebars exposed)

d. Joint failures

e. Water tightness

6. Metal pipe condition




Operation, Maintenance & Management

Pond

Maintenance ltem

Satisfactory /
Unsatisfactory

Comments

7. Control valve
a. Operational/exercised

b. Chained and locked

8. Pond drain valve
a. Operational/exercised

b. Chained and locked

9. Outfall channels functioning

10. Other (specify)

3. Permanent Pool (Wet Ponds) (monthly)

1. Undesirable vegetative growth

2. Floating or floatable debris removal required

3. Visible pollution

4. Shoreline problem

5. Other (specify)

4. Sediment Forebays

1.Sedimentation noted

2. Sediment cleanout when depth < 50% design depth

5. Dry Pond Areas

1. Vegetation adequate

2. Undesirable vegetative growth

3. Undesirable woody vegetation

4. Low flow channels clear of obstructions

5.Standing water or wet spots




Operation, Maintenance & Management

Pond

Maintenance Item a?]tsi?;?;fgz) /ry Comments
6. Sediment and / or trash accumulation

7. Other (specify)

6. Condition of Outfall into Ponds (Annual , After Major Storms)

1. Reprap failures

2. Slope erosion

3. Storm drain pipes

4.Endwalls / Headwalls

5. Other (specify)

7. Other ( Monthly)

1. Encroachment on pond or easement area

2. Complaints from residents

3.Aesthetics
a. Grass growing required

b. Graffiti removal needed

c. Other (specify)

4. Any public hazards (specify)

8. Constructed Wetland area  (Annual)

1. Vegetation healthy and growing

2.Evidence of invasive species

3. Excessive sedimentation in Wetland area




Operation, Maintenance & Management Pond

Comments:

Actions to be Taken:




Operation, Maintenance & Management Checklist Infiltration Trench

Infiltration Trench Operation, Maintenance, and
Management Inspection Checklist

Project:
Location:
Site Status:

Date:

Time:

Inspector:

SATISFACTORY /
MAINTENANCE ITEM COMMENTS
UNSATISFACTORY

1. Debris Cleanout (Monthly)

Trench surface clear of debris

Inflow pipes clear of debris

Overflow spillway clear of debris

Inlet area clear of debris

2. Sediment Traps or Forebays (Annual)

Obviously trapping sediment

Greater than 50% of storage volume
remaining

3. Dewatering (Monthly)

Trench dewaters between storms

4. Sediment Cleanout of Trench (Annual)

No evidence of sedimentation in
trench

Sediment accumulation doesn:t yet




Operation, Maintenance & Management Checklist

Infiltration Trench

MAINTENANCE ITEM

SATISFACTORY /
UNSATISFACTORY

COMMENTS

require cleanout

5. Inlets (Annual)

Good condition

No evidence of erosion

6. Outlet/Overflow Spillway (Annual)

Good condition, no need for repair

No evidence of erosion

7. Aggregate Repairs (Annual)

Surface of aggregate clean

Top layer of stone does not need
replacement

Trench does not need rehabilitation

Comments:

Actions to be Taken:




Operation, Maintenance & Management Checklist Infiltration Basin

Infiltration Basin Operation, Maintenance,
Management and Inspection Checklist

Project:
Location:
Site Status:

Date:

Time:

Inspector:

SATISFACTORY /
MAINTENANCE ITEM COMMENTS
UNSATISFACTORY

1. Debris Cleanout (Monthly)

Basin Bottom Clear of Debris

Inlet Clear of Debris

Outlet Clear of Debris

Emergency Spillway Clear of Debris

2. Sediment Traps or Forebays (Annual)

Obviously trapping sediment

Greater than 50% of storage volume
remaining

3. Vegetation  (monthly)

Mowing done when needed

No evidence of erosion

Fertilized per specifications

4. Dewatering (Monthly)

Basin dewaters hetween storms




Operation, Maintenance & Management Checklist

Infiltration Basin

MAINTENANCE ITEM

SATISFACTORY /
UNSATISFACTORY

COMMENTS

5. Sediment Cleanout of Basin

(Annual)

No evidence of sedimentation

Sediment accumulation does not yet
require cleanout

6. Inlets (Annual)

Good condition

No evidence of erosion

7. Outlet/Overflow Spillway (Annual, After Major Storms)

Good condition, no need for repair

No evidence of erosion

8. Structural Repairs (Annual, After Major Storms)

Embankment in good repair

Side slopes are stable

No evidence of erosion

9. Fences/Access Repairs (Annual)

Fences in good condition

No damage which would allow
undesirable entry

Lock and gate function adequate

Access point in good condition




Operation, Maintenance & Management Checklist Infiltration Basin

Comments:

Actions to be Taken:




Operation, Maintenance & Management Checklist Bioretention

Bioretention Operation, Maintenance, and
Management Inspection Checklist

Project:
Location:
Site Status:

Date:

Time:

Inspector:

MAINTENANCE ITEM SATISFACTORY /| (v oo
UNSATISFACTORY

1. Debris Cleanout (Monthly)

Bioretention and contributing areas
clean of debris

No dumping of yard wastes into

practice
Litter (branches, etc.) have been
removed
2. Vegetation (Monthly)

Plant height not less than design
water depth

Fertilized per specifications

Plant composition according to
approved plans

No placement of inappropriate plants

Grass height not greater than 6
inches




Operation, Maintenance & Management Checklist

Bioretention

MAINTENANCE ITEM

SATISFACTORY /
UNSATISFACTORY

COMMENTS

No evidence of erosion




Operation, Maintenance & Management Checklist

Bioretention

MAINTENANCE ITEM

SATISFACTORY /
UNSATISFACTORY

COMMENTS

3. Check Dams/Energy Dissipaters/Sumps (Annual, After Major Storms)

No evidence of sediment buildup

Sumps should not be more than 50%
full of sediment

No evidence of erosion at
downstream toe of drop structure

4. Dewatering (Monthly)

Dewaters between storms

No evidence of standing water

5. Sediment Deposition (Annu

al)

Swale clean of sediments

Sediments should not be > 20% of
swale design depth

6. Outlet/Overflow Spillway (Annual, After Major Storms)

Good condition, no need for repair

No evidence of erosion

No evidence of any blockages

7. Integrity of Filter Bed  (Annual)

Filter bed has not been blocked or
filled inappropriately

Comments:




Operation, Maintenance & Management Checklist Bioretention

Actions to be Taken:




Operation, Maintenance & Management Checklist Sand/Organic Filter

Sand/Organic Filter Operation, Maintenance,
and Management Inspection Checklist

Project:
Location:
Site Status:

Date:

Time:

Inspector:

SATISFACTORY /
MAINTENANCE ITEM COMMENTS
UNSATISFACTORY

1. Debris Cleanout (Monthly)

Contributing areas clean of debris

Filtration facility clean of debris

Inlet and outlets clear of debris

2. Oil and Grease (Monthly)

No evidence of filter surface clogging

Activities in drainage area minimize oil
and grease entry

3. Vegetation  (Monthly)

Contributing drainage area stabilized

No evidence of erosion

Area mowed and clipping removed




Operation, Maintenance & Management Checklist

Sand/Organic Filter

MAINTENANCE ITEM

SATISFACTORY /
UNSATISFACTORY

COMMENTS

4. Water Retention Where Required (Monthly)

Water holding chambers at normal
pool

No evidence of leakage

5. Sediment Deposition (Annu

Filter chamber free of sediments

Sedimentation chamber not more
than half full of sediments

6. Structural Components (Annual)

No evidence of structural deterioration

Any grates are in good condition

No evidence of spalling or cracking of
structural parts

7. Outlet/Overflow Spillway (Annual)

Good condition, no need for repairs

No evidence of erosion (if draining
into a natural channel)

8. Overall Function of Facility

(Annual)

Evidence of flow bypassing facility

No noticeable odors outside of facility




Operation, Maintenance & Management Checklist Sand/Organic Filter

Comments:

Actions to be Taken:




Operation, Maintenance & Management Checklist Open Channel

Open Channel Operation, Maintenance, and
Management Inspection Checkilist

Project:
Location:
Site Status:

Date:

Time:

Inspector:

SATISFACTORY /
MAINTENANCE ITEM COMMENTS
UNSATISFACTORY

1. Debris Cleanout (Monthly)

Contributing areas clean of debris

2. Check Dams or Energy Dissipators (Annual, After Major Storms)

No evidence of flow going around
structures

No evidence of erosion at
downstream toe

Soil permeability

Groundwater / bedrock

3. Vegetation  (Monthly)

Mowing done when needed

Minimum mowing depth not exceeded

No evidence of erosion

Fertilized per specification




Operation, Maintenance & Management Checklist

Open Channel

MAINTENANCE ITEM

SATISFACTORY /
UNSATISFACTORY

COMMENTS

4. Dewatering (Monthly)

Dewaters between storms

5. Sediment deposition

(Annual)

Clean of sediment

6. Outlet/Overflow Spillway

(Annual)

Good condition, no need for repairs

No evidence of erosion

Comments:

Actions to be Taken:
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AUBURN, INDIANA STORM WATER BMP TECHNICAL MANUAL

DETENTION PONDS

Water Quantity Benefits
(low, medium, high)

Rate Reduction High

Volume Reduction Low

Water Quality Benefits
(% Reduction)

Total Suspended Solids (TSS) 61
Total Phosphorus (P) 19
Total Nitrogen (N) 31
Metals 26-54
Oils and Grease NA
Bacteria NA

Other Considerations
(low, medium, high or other)

Source: Symbiont

Area Typically Served (acres) 1-2
DESCRIPTION % of Area Needed for BMP 0.5-1
Detention ponds (a.k.a. dry ponds, extended detention basins, Capital Costs Medium
detention ponds, extended detention ponds) are basins whose O& M Costs High
outlets have been designed to detain stormwater runoff for some Maintenance High
minimum time (e.g., 24 hours) to allow particles and associated . ,
pollutants to settle. Unlike wet ponds, these facilities do not have a Training Medium
large permanent pool of water. However, they are often designed Effective Life (years) 50-100
with small pools at the inlet and outlet of the basin. They can also be

used to provide flood control by including additional flood detention storage.
APPLICABILITY

Dry detention ponds have traditionally been one of the most widely used stormwater best management
practices. In some instances, these ponds may be the most appropriate best management practice. However,
they should not be used as a one size fits all solution. If pollutant removal efficiency is an important
consideration then dry detention ponds may not be the most appropriate choice. Dry detention ponds require a
large amount of space to build them. In many instances, smaller-sized best management practices are more
appropriate alternatives.

Regional Applicability

Dry detention ponds can be applied in all regions of the United States. Some minor design modifications might
be needed, however, in cold or arid climates or in regions with karst (i.e. limestone) topography.

AUBARN
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AUBURN, INDIANA STORM WATER BMP TECHNICAL MANUAL

DETENTION PONDS

Ultra-Urban Areas

Ultra-urban areas are densely developed urban areas in which little pervious surface is present. It is difficult to
use dry detention ponds in the ultra-urban environment because of the land area each pond consumes.

Stormwater Hot Spots

Stormwater hot spots are areas where land use or activities generate highly contaminated runoff, with
concentrations of pollutants in excess of those typically found in stormwater. Dry detention ponds can accept
runoff from stormwater hot spots, but they need significant separation from ground water if they will be used for
this purpose.

Stormwater Retrofit

A stormwater retrofit is a stormwater management practice (usually structural) put into place after development
has occurred to improve water quality, protect downstream channels, reduce flooding, or meet other specific
objectives. Dry detention ponds are useful stormwater retrofits, and they have two primary applications as a
retrofit design. In many communities in the past, detention basins have been designed for flood control. It is
possible to modify these facilities to incorporate features that encourage water quality control and/or channel
protection. It is also possible to construct new dry ponds in open areas of a watershed to capture existing
drainage.

Cold Water (Trout) Streams

A study in Prince George's County, Maryland, found that stormwater management practices can increase
stream temperatures (Galli, 1990). Overall, dry detention ponds increased temperature by about 5°F. In cold
water streams, dry ponds should be designed to detain stormwater for a relatively short time (i.e., less than 12
hours) to minimize the amount of warming that occurs in the practice. If the temperature of the water is a
factor, then alternative best management practices may be more appropriate.

ADVANTAGES/LIMITATIONS

Although dry detention ponds are widely applicable, they have some limitations that might make other
stormwater management options preferable:

Dry detention ponds have only moderate pollutant removal when compared to other structural stormwater
practices, and they are ineffective at removing soluble pollutants (See Effectiveness). Dry extended detention
ponds may become a nuisance due to mosquito breeding if improperly maintained or if shallow pools of water
form for more than 7 days. Although wet ponds can increase property values, dry ponds can actually detract
from the value of a home (see Cost Considerations).

Dry detention ponds on their own only provide peak flow reduction and do little to control overall runoff volume,
which could result in adverse downstream impacts.

A\UBURN
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AUBURN, INDIANA STORM WATER BMP TECHNICAL MANUAL

DETENTION PONDS

DESIGN & SIZING
Siting Considerations

Designers need to ensure that the dry detention pond is feasible at the site in question. This section provides
basic guidelines for siting dry detention ponds.

Drainage Area
In general, dry detention ponds should be used on sites with a minimum area of 10 acres. On smaller sites, it

can be challenging to provide channel or water quality control because the orifice diameter at the outlet needed
to control relatively small storms becomes very small and thus prone to clogging. Low impact development
techniques and on-lot treatment controls are recommended for smaller sites.

Slope

Dry detention ponds can be used on sites with slopes up to about 15 percent. The local slope needs to be
relatively flat, however, to maintain reasonably flat side slopes in the practice. There is no minimum slope
requirement, but there does need to be enough elevation drop from the pond inlet to the pond outlet to ensure
that flow can move through the system.

Soils / Topography

Dry detention ponds can be used with almost all soils and geology, with minor design adjustments for regions
of karst topography or in rapidly percolating soils such as sand. In these areas, extended detention ponds
should be designed with an impermeable liner to prevent ground water contamination or sinkhole formation.

Ground Water

Except for the case of hot spot runoff, the only consideration regarding ground water is that the base of the
extended detention facility should not intersect the ground water table. A permanently wet bottom may become
a mosquito breeding ground. Research in Southwest Florida (Santana et al., 1994) demonstrated that
intermittently flooded systems, such as dry extended detention ponds, produced more mosquitoes than other
pond systems, particularly when the facilities remained wet for more than 3 days following heavy rainfall.

Design Considerations

Specific designs may vary considerably, depending on site constraints or preferences of the designer or
community. Some features, however, should be incorporated into most dry extended detention pond designs.
These design features can be divided into five basic categories: pretreatment, treatment, conveyance,
maintenance reduction, and landscaping.

Pretreatment
Pretreatment incorporates design features that help to settle out coarse sediment particles. By removing these
particles from runoff before they reach the large permanent pool, the maintenance burden of the pond is

reduced. In ponds, pretreatment is achieved with a sediment forebay, which is a small pool (typically about 10
percent of the volume of water to be treated for pollutant removal).

A\UBURN
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AUBURN, INDIANA STORM WATER BMP TECHNICAL MANUAL

DETENTION PONDS

Treatment

Treatment design features help enhance the ability of a stormwater management practice to remove pollutants.
Designing dry ponds with a high length-to-width ratio (i.e., at least 1.5:1) and incorporating other design
features to maximize the flow path effectively increases the detention time in the system by eliminating the
potential of flow to short-circuit the pond. Designing ponds with relatively flat side slopes can also help to
lengthen the effective flow path. Finally, the pond should be sized to detain the volume of runoff to be treated
for between 12 and 48 hours.

Conveyance

Conveyance of stormwater runoff into and through the dry pond is a critical component. Stormwater should be
conveyed to and from dry ponds safely in a manner that minimizes erosion potential. The outfall of pond
systems should always be stabilized to prevent scour. To convey low flows through the system, designers
should provide a pilot channel. A pilot channel is a surface channel that should be used to convey low flows
through the pond. In addition, an emergency spillway should be provided to safely convey large flood events.
To help mitigate the warming of water at the outlet channel, designers should provide shade around the
channel at the pond outlet.

MAINTENANCE

In addition to incorporating features into the pond design to minimize maintenance, some regular maintenance
and inspection practices are needed. Table 1 outlines some of these practices.

Table 1. Typical maintenance activities for dry ponds (Source: Modified from WMI, 1997)
Activity Schedule
Note erosion of pond banks or bottom Semiannual inspection

Inspect for damage to the embankment

Monitor for sediment accumulation in the facility and forebay  |/Annual
Examine to ensure that inlet and outlet devices are free of inspection
debris and operational

Repair undercut or eroded areas
Mow side slopes

Manage pesticide and nutrients
Remove litter and debris

Standard maintenance

Annual maintenance
(as needed)

Remove sediment from the forebay 5- to 7-year maintenance

Monitor sediment accumulations, and remove sediment when
the pond volume has been reduced by 25 percent

Seed or sod to restore dead or damaged ground cover

25- to 50-year maintenance

Regular maintenance activities are needed to maintain the function of stormwater practices. In addition, some
design features can be incorporated to ease the maintenance burden of each practice. In dry detention ponds,
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a "micropool" at the outlet can prevent resuspension of sediment and outlet clogging. A good design includes
maintenance access to the forebay and micropool.

Another design feature that can reduce maintenance needs is a non-clogging outlet. Typical examples include
a reverse-slope pipe or a weir outlet with a trash rack. A reverse slope pipe draws from below the permanent
pool extending in a reverse angle up to the riser and determines the water elevation of the micropool. Because
these outlets draw water from below the level of the permanent pool, they are less likely to be clogged by
floating debris.

Landscaping
Designers should maintain a vegetated buffer around the pond and should select plants within the extended

detention zone (i.e., the portion of the pond up to the elevation where stormwater is detained) that can
withstand both wet and dry periods. The side slopes of dry ponds should be relatively flat to reduce safety
risks.

Regional Variations

Arid or Semi-Arid Climates

In arid and semi-arid regions, some maodifications might be needed to conserve scarce water resources. Any
landscaping plans should prescribe drought-tolerant vegetation wherever possible. In addition, the wet forebay
can be replaced with an alternative dry pretreatment, such as a detention cell. In regions with a distinct wet and
dry season, as in many arid regions, regional detention ponds can possibly be used as a recreation area such
as a ball field during the dry season.

Cold Climates

In cold climates, some additional design features can help to treat the spring snowmelt. One such modification
is to increase the volume available for detention to help treat this relatively large runoff event. In some cases,
dry facilities may be an option as a snow storage facility to promote some treatment of plowed snow. If a pond
is used to treat road runoff or is used for snow storage, landscaping should incorporate salt-tolerant species.
Finally, sediment might need to be removed from the forebay more frequently than in warmer climates (see
Maintenance Considerations for guidelines) to account for sediment deposited as a result of road sanding.

EFFECTIVENESS

Structural management practices can be used to achieve four broad resource protection goals: flood control,
channel protection, ground water recharge, and pollutant removal. Dry detention basins can provide flood
control and channel protection, as well as some pollutant removal.

Flood Control

One objective of stormwater management practices can be to reduce the flood hazard associated with large
storm events by reducing the peak flow associated with these storms. Dry extended detention basins can
easily be designed for flood control, and this is actually the primary purpose of most detention ponds.

Channel Protection
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One result of urbanization is the geomorphic changes that occur in response to modified hydrology.
Traditionally, dry detention basins have provided control of the 2-year storm (i.e., the storm that occurs, on
average, once every 2 years) for channel protection. It appears that this control has been relatively ineffective,
and research suggests that control of a smaller storm might be more appropriate (MacRae, 1996). Slightly
modifying the design of dry detention basins to reduce the flow of smaller storm events might make them
effective tools in reducing downstream erosion.

Pollutant Removal

Dry detention basins provide moderate pollutant removal, provided that the design features described in the
Siting and Design Considerations section are incorporated. Although they can be effective at removing some
pollutants through settling, they are less effective at removing soluble pollutants because of the absence of a
permanent pool. There is considerable variability in the effectiveness of ponds, and it is believed that properly
designing and maintaining ponds may help to improve their performance. The siting and design criteria
presented in this sheet reflect the best current information and experience to improve the performance of wet
ponds. A joint project of the American Society of Civil Engineers (ASCE) and the USEPA Office of Water might
help to isolate specific design features that can improve performance. The National Stormwater Best
Management Practice (BMP) database is a compilation of stormwater practices that includes both design
information and performance data for various practices. As the database expands, inferences about the extent
to which specific design criteria influence pollutant removal may be made.

COST

The construction costs associated with dry detention ponds range considerably. Dry detention ponds are
generally less expensive on a given site, because they are usually smaller than a wet pond design.

Ponds do not consume a large area compared to the total area treated (typically 2 to 3 percent of the
contributing drainage area). It is important to note, however, that each pond is generally large. Other practices,
such as filters or swales, may be "squeezed in" on relatively unusable land, but ponds need a relatively large
continuous area.

For ponds, the annual cost of routine maintenance is typically estimated at about 3 to 5 percent of the
construction cost. Alternatively, a community can estimate the cost of the maintenance activities outlined in the
maintenance section. Finally, ponds are long-lived facilities (typically longer than 20 years). Thus, the initial
investment into pond systems can be spread over a relatively long time period.

Another economic concern associated with dry ponds is that they might detract slightly from the value of
adjacent properties.

REFERENCES

This fact sheet is copied from the United States Environmental Protection Agency, Menu of BMPs — Post
Construction (http://cfpub.epa.gov/npdes/stormwater/menuofbmps/index.cfm).
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Source: StormTrap

DESCRIPTION

Detention tanks and vaults are aboveground or underground
structures used to attenuate peak stormwater flows. They are
usually constructed out of either concrete or corrugated metal pipe
(CMP) and must consider the potential loading from vehicles on the
vault or pipe. Pretreatment structures can be used at the inlet to treat
stormwater runoff and remove trash and debris. In addition, flow
splitters can be used to direct only a portion of the stormwater runoff
to an underdrain detention.

APPLICABILITY

Water Quantity Benefits

(low, medium, high)

Rate Reduction

Volume Reduction

High

Low

Water Quality Benefits
(% Reduction)

Total Suspended Solids (TSS) 60-80
Total Phosphorus (P) 20-40
Total Nitrogen (N) NA
Metals NA
Oils and Grease NA
Bacteria NA
Other Considerations
(low, medium, high or other)

Area Typically Served (acres) 1-2
% of Area Needed for BMP 0.5-1
Capital Costs High
0O& M Costs High
Maintenance High
Training Medium
Effective Life (years) 50-100

Due to the costs associated with underground detention systems for construction and maintenance, these
systems are primarily used when space is limited and there are no other practical alternatives. In the ultra-
urban environment, costs for developable land may be high enough that these systems become a feasible
alternative. Relatively expensive to construct, concrete vaults are used primarily to control small flows in areas
where system replacement costs are high. Less expensive, CMP systems are typically used to control

significant volumes of runoff in parking lots, adjacent to rights-of-way, and in medians, where they can be

replaced or maintained if necessary.

In the ultra-urban environment, underground detention tanks have been used to decrease flows in combined
sewer systems. The stormwater is stored in the tank and then can be released by a remotely controlled valve
to the wastewater treatment plant after the peak flows have passed through the plant.
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ADVANTAGES/LIMITATIONS

Detention tanks can be placed underground or aboveground and are particularly useful under parking lots or
other sites were aboveground space isn’t available. Traffic load can also be supported by most commercially
available units.

In-line storage does have some significant limitations. In-line storage practices normally only control flow, and
thus are not able to improve the water quality of stormwater runoff. If improperly designed, these practices
may cause upstream flooding.

DESIGN & SIZING

The CMP systems used for large storage volumes are usually a series of pipes interconnected by a junction
box or main pipe with an outfall structure. There should be a sufficient number of access holes and access
points in the system to efficiently inspect and maintain both the outfall structure and the storage area.
Whenever possible, the system should be located in an area where maintenance and potential repairs can be
conducted with minimal disturbance to surrounding uses. Some design information on CMP systems is
available in Design and Construction of Urban Stormwater Management Systems (ASCE, 1992).

Water quality controls, such as water quality inlets and sand filters, are often used to pretreat the stormwater
before it enters the system. This is done to remove sediment and pollutants, which might clog the system.
CMP systems can work in conjunction with infiltration to provide additional stormwater treatment.

When infiltration is used, perforations may be added to the pipe to allow the pipe to store the water until it can
be exfiltrated into the soils below the pipe. In critical areas, such as under roads and parking lots, pipe joints
may require gaskets and water-tight seals to protect the integrity of the pipe. Most systems have pipes or
vaults inverts that are 1.8 to 3 m (6 to 10 ft) underground. Therefore, it may be difficult to obtain an adequate
outfall for the system.

Another type of underground detention is the retrofitting of overcapacity storm drain pipes with baffles. The
baffles cause the water to be stored in the pipes and to be released to the outfall at a slower rate (ASCE,
1992).

MAINTENANCE

The cost and maintenance of these systems are major considerations. The systems must be designed so that
they can have easy access for inspection and maintenance. Maintenance is usually conducted by periodically
pumping out sediments and debris. In areas of high sediment flows, pretreatment is required to minimize the
inflow of particulates so that the need to clean the system is reduced. An analysis of other management
measures in the watershed is required to ensure that peak release rates are coordinated so that peak flows are
reduced to predevelopment rates.

With the facilities located underground, inspection and maintenance are important issues because of the
relatively high costs. In the ultra-urban environment, the facilities may require location under structures, such
as buildings, parking lots, and roadways. Frequent maintenance is required to remove sediment and debris
and to ensure that the outlet structure is functioning properly. Large-scale removal of accumulated sediment in
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the system may be difficult due to limited access. In addition, underground systems will be considered confined
spaces that require additional safety requirements for inspection and maintenance.

EFFECTIVENESS

Underground detention structures are effective measures for stormwater runoff quantity control; however,
these facilities do not provide significant water quality control or primary stormwater treatment, without
extensive modifications. Consequently, they are more frequently used to attenuate and store peak flows. In
addition to providing insignificant stormwater treatment without modifications, receiving waters can be very
sensitive to releases of the stored volume from these underground detention systems.

Preliminary results of water quality monitoring of modified underground detention structures have
demonstrated a total suspended solids (TSS) removal rate of between 60 to 80 percent; a total phosphorous
(TP) reduction of between 20 and 40 percent; and a total lead reduction of between 40 and 70 percent. This
facility, however, required weekly maintenance and cleaning out of the structure to maintain this efficiency
(Northern Virginia District Planning Commission, 1992). In reality, few detention tanks and vaults receive
weekly maintenance.

COST

Due to the high costs associated with concrete structure construction, the use of vaults is limited to small
drainage areas. A preliminary cost estimate for the more expensive concrete vaults can be provided by the
following equation (Wiegand et al., 1986):

where:

C =38.1(V/0.02832 )00

C = construction cost estimate (1995 dollars) and
V = volume of storage (cubic meters) for the maximum design event frequency.

Corrugated metal pipes or plastic pipe have been used extensively in urban areas and are significantly less
expensive than vaults for storing large amounts of water. All three systems have long life cycles.

REFERENCES
This fact sheet is copied from the United States Department of Transportation, Federal Highway

Administration, Stormwater Best Management Practices in an Ultra-Urban Setting: Selection and
Monitoring (www.fhwa.dot.gov/environment/ultraurb/index.htm).

ASCE. 1992. Design and Construction of Urban Stormwater Management Systems. The Urban Water
Resources Research Council of the American Society of Civil Engineers (ASCE) and the Water Environment
Federation. American Society of Civil Engineers, New York, NY.
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Northern Virginia District Planning Commission. 1992. Underground Detention Tanks (UDTs) As A Best
Management Practice (BMP). Northern Virginia District Planning Commission, Annandale, VA.

Roberts, B.C. 1995. Water Quality Enhancement Using Subsurface Detention. National Corrugated Steel Pipe
Association, Washington, DC.

Wiegand, C., T. Schueler, W. Chittenden, and D. Jellick. 1986. Cost of Urban Runoff Quality Controls. In Urban
Runoff Quality - Impact and Quality Enhancement Technology, ed. B. Urbonas and L.A. Roesner, p.366-382.
American Society of Civil Engineers, New York, NY.
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Source: Oregon State University Extension Service, Marion County
DESCRIPTION

Wet ponds (a.k.a. storm water ponds, retention ponds, wet extended
detention ponds) are constructed basins that have a permanent pool of
water throughout the year (or at least throughout the wet season). Ponds
treat incoming storm water runoff by settling and algal uptake. The primary
removal mechanism is settling as storm water runoff resides in this pool,
and pollutant uptake, particularly of nutrients, also occurs through biological
activity in the pond. Wet ponds are among the most cost-effective and
widely used storm water practices. While there are several different

Water Quantity Benefits

(low, medium, high)

Rate Reduction High
Volume Reduction Low

Water Quality Benefits

(% Reduction)

Total Suspended Solids (TSS) 67
Total Phosphorus (P) 48
Total Nitrogen (N) 31
Metals 25
Oil and Grease NA
Bacteria 65

Other Considerations

(low, medium, high or other)

Area Typically Served (acres) 2 (min)
% of Area Needed for BMP 10-20
Capital Costs Medium
0O& M Costs Low
Maintenance Low
Training Low
Effective Life (years) 20-50

versions of the wet pond design, the most common modification is the extended detention wet pond, where storage is
provided above the permanent pool in order to detain storm water runoff in order to provide settling.

APPLICABILITY

Wet ponds are widely applicable storm water management practices. Although they have limited applicability in highly

urbanized settings and in arid climates, they have few other restrictions.

Regional Applicability

Wet extended detention ponds can be applied in most regions of the United States, with the exception of arid climates. In
arid regions, it is difficult to justify the supplemental water needed to maintain a permanent pool because of the scarcity of
water. Even in semi-arid Austin, Texas, one study found that 2.6 acre-feet per year of supplemental water was needed to
maintain a permanent pool of only 0.29 acre-feet (Saunders and Gilroy, 1997). Other modifications and design variations
are needed in semi-arid and cold climates, and karst (i.e., limestone) topography.

Ultra-Urban Areas
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Ultra-urban areas are densely developed urban areas in which little pervious surface exists. It is difficult to use wet ponds
in the ultra-urban environment because of the land area each pond consumes. They can, however, be used in an ultra-
urban environment if a relatively large area is available downstream of the site.

Storm Water Hot Spots

Storm water hot spots are areas where land use or activities generate highly contaminated runoff, with concentrations of
pollutants in excess of those typically found in storm water. A typical example is a gas station. Wet ponds can accept
runoff from storm water hot spots, but need significant separation from ground water if they will be used for this purpose.

Storm Water Retrofit

A storm water retrofit is a storm water management practice (usually structural) put into place after development has
occurred, to improve water quality, protect downstream channels, reduce flooding, or meet other specific objectives. Wet
ponds are very useful storm water retrofits and have two primary applications as a retrofit design. In many communities,
detention ponds have been designed for flood control in the past. It is possible to modify these facilities to develop a
permanent wet pool to provide water quality control (see Treatment under Design Considerations), and modify the outlet
structure to provide channel protection. Alternatively, wet ponds may be designed in-stream, or in open areas as a part of
a retrofit study.

Cold Water (Trout) Streams

Wet ponds pose a risk to cold water systems because of their potential for stream warming. When water remains in the
permanent pool, it is heated by the sun. A study in Prince George's County, Maryland, found that storm water wet ponds
heat storm water by about 9°F from the inlet to the outlet (Galli, 1990).

ADVANTAGES/LIMITATIONS

Wet ponds are cost effective and very commonly used in storm water management which may make the approval process
easier.

Limitations of wet ponds include:

e If improperly located, wet pond construction may cause loss of wetlands or forest.

e Although wet ponds consume a small amount of space relative to their drainage areas, they are often
inappropriate in dense urban areas because each pond is generally quite large.

e Their use is restricted in arid and semi-arid regions due to the need to supplement the permanent pool.

¢ In cold water streams, wet ponds are not a feasible option due to the potential for stream warming.

e Wet ponds may pose safety hazards.

DESIGN AND SITING
Siting Considerations

In addition to the restrictions and modifications to adapting wet ponds to different regions and land uses, designers need
to ensure that this management practice is feasible at the site in question. The following section provides basic guidelines
for siting wet ponds.

A\UBURN
2




AUBURN, INDIANA STORM WATER BMP TECHNICAL MANUAL

WET RETENTION PONDS

Drainage Area

Wet ponds need sufficient drainage area to maintain the permanent pool. In humid regions, this is typically about 25
acres, but a greater area may be needed in regions with less rainfall.

Slope

Wet ponds can be used on sites with an upstream slope up to about 15 percent. The local slope should be relatively
shallow, however. Although there is no minimum slope requirement, there does need to be enough elevation drop from
the pond inlet to the pond outlet to ensure that water can flow through the system.

Soils / Topography

Wet ponds can be used in almost all soils and geology, with minor design adjustments for regions of karst topography
(see Design Considerations).

Ground Water

Unless they receive hot spot runoff, ponds can often intersect the ground water table. However, some research suggests
that pollutant removal is reduced when ground water contributes substantially to the pool volume (Schueler, 1997hb).

Design Considerations

Specific designs may vary considerably, depending on site constraints or preferences of the designer or community.
There are some features, however, that should be incorporated into most wet pond designs. These design features can
be divided into five basic categories: pretreatment, treatment, conveyance, maintenance reduction, and landscaping.

Pretreatment

Pretreatment incorporates design features that help to settle out coarse sediment particles. By removing these particles
from runoff before they reach the large permanent pool, the maintenance burden of the pond is reduced. In ponds,
pretreatment is achieved with a sediment forebay. A sediment forebay is a small pool (typically about 10 percent of the
volume of the permanent pool). Coarse particles remain trapped in the forebay, and maintenance is performed on this
smaller pool, eliminating the need to dredge the entire pond.

Treatment

Treatment design features help enhance the ability of a storm water management practice to remove pollutants. The
purpose of most of these features is to increase the amount of time that storm water remains in the pond.

One technique of increasing the pollutant removal of a pond is to increase the volume of the permanent pool. Typically,
ponds are sized to be equal to the water quality volume (i.e., the volume of water treated for pollutant removal).
Designers may consider using a larger volume to meet specific watershed objectives, such as phosphorous removal in a
lake system. Regardless of the pool size, designers need to conduct a water balance analysis to ensure that sufficient
inflow is available to maintain the permanent pool.

A\UBURN
3




AUBURN, INDIANA STORM WATER BMP TECHNICAL MANUAL

WET RETENTION PONDS

Other design features do not increase the volume of a pond, but can increase the amount of time storm water remains in
the practice and eliminate short-circuiting. Ponds should always be designed with a length-to-width ratio of at least 1.5:1.
In addition, the design should incorporate features to lengthen the flow path through the pond, such as underwater berms
designed to create a longer route through the pond. Combining these two measures helps ensure that the entire pond
volume is used to treat storm water. Another feature that can improve treatment is to use multiple ponds in series as part
of a "treatment train" approach to pollutant removal. This redundant treatment can also help slow the rate of flow through
the system.

Conveyance

Storm water should be conveyed to and from all storm water management practices safely and to minimize erosion
potential. The outfall of pond systems should always be stabilized to prevent scour. In addition, an emergency spillway
should be provided to safely convey large flood events. To help mitigate warming at the outlet channel, designers should
provide shade around the channel at the pond outlet.

Maintenance Reduction

In addition to regular maintenance activities needed to maintain the function of storm water practices, some design
features can be incorporated to ease the maintenance burden of each practice. In wet ponds, maintenance reduction
features include techniques to reduce the amount of maintenance needed, as well as techniques to make regular
maintenance activities easier.

One potential maintenance concern in wet ponds is clogging of the outlet. Ponds should be designed with a non-clogging
outlet such as a reverse-slope pipe, or a weir outlet with a trash rack. A reverse-slope pipe draws from below the
permanent pool extending in a reverse angle up to the riser and establishes the water elevation of the permanent pool.
Because these outlets draw water from below the level of the permanent pool, they are less likely to be clogged by
floating debris. Another general rule is that no orifice should be less than 3 inches in diameter. (Smaller orifices are more
susceptible to clogging).

Design features are also incorporated to ease maintenance of both the forebay and the main pool of ponds. Ponds
should be designed with a maintenance access to the forebay to ease this relatively routine (5—7 year) maintenance
activity. In addition, ponds should generally have a pond drain to draw down the pond for the more infrequent dredging of
the main cell of the pond.

Landscaping

Landscaping of wet ponds can make them an asset to a community and can also enhance the pollutant removal of the
practice. A vegetated buffer should be preserved around the pond to protect the banks from erosion and provide some
pollutant removal before runoff enters the pond by overland flow. In addition, ponds should incorporate an aquatic bench
(i.e., a shallow shelf with wetland plants) around the edge of the pond. This feature may provide some pollutant uptake,
and it also helps to stabilize the soil at the edge of the pond and enhance habitat and aesthetic value.

Design Variations

There are several variations of the wet pond design. Some of these design alternatives are intended to make the practice
adaptable to various sites and to account for regional constraints and opportunities.

Wet Extended Detention Pond
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The wet extended detention pond combines the treatment concepts of the dry extended detention pond and the wet pond.
In this design, the water quality volume is split between the permanent pool and detention storage provided above the
permanent pool. During storm events, water is detained above the permanent pool and released over 12 to 48 hours.
This design has similar pollutant removal to a traditional wet pond and consumes less space. Wet extended detention
ponds should be designed to maintain at least half the treatment volume of the permanent pool. In addition, designers
need to carefully select vegetation to be planted in the extended detention zone to ensure that the selected vegetation can
withstand both wet and dry periods.

Water Reuse Pond

Some designers have used wet ponds to act as a water source, usually for irrigation. In this case, the water balance
should account for the water that will be taken from the pond. One study conducted in Florida estimated that a water
reuse pond could provide irrigation for a 100-acre golf course at about one-seventh the cost of the market rate of the
equivalent amount of water ($40,000 versus $300,000).

Regional Adaptations

Semi-Arid Climates

In arid climates, wet ponds are not a feasible option (see Applicability), but they may possibly be used in semi-arid
climates if the permanent pool is maintained with a supplemental water source, or if the pool is allowed to vary seasonally.
This choice needs to be seriously evaluated, however. Saunders and Gilroy (1997) reported that 2.6 acre-feet per year of
supplemental water were needed to maintain a permanent pool of only 0.29 acre-feet in Austin, Texas.

Cold Climates

Cold climates present many challenges to designers of wet ponds. The spring showmelt may have a high pollutant load
and a large volume to be treated. In addition, cold winters may cause freezing of the permanent pool or freezing at inlets
and outlets. Finally, high salt concentrations in runoff resulting from road salting, and sediment loads from road sanding,
may impact pond vegetation as well as reduce the storage and treatment capacity of the pond.

One option to deal with high pollutant loads and runoff volumes during the spring snowmelt is the use of a seasonally
operated pond to capture snowmelt during the winter, and retain the permanent pool during warmer seasons. In this
option, proposed by Oberts (1994), the pond has two water quality outlets, both equipped with gate valves. In the
summer, the lower outlet is closed. During the fall and throughout the winter, the lower outlet is opened to draw down the
permanent pool. As the spring melt begins, the lower outlet is closed to provide detention for the melt event. This method
can act as a substitute for using a minimum extended detention storage volume. When wetlands preservation is a
downstream objective, seasonal manipulation of pond levels may not be desired. An analysis of the effects on
downstream hydrology should be conducted before considering this option. In addition, the manipulation of this system
requires some labor and vigilance; a careful maintenance agreement should be confirmed.

Several other modifications may help to improve the performance of ponds in cold climates. Designers should consider
planting the pond with salt-tolerant vegetation if the facility receives road runoff. In order to counteract the effects of
freezing on inlet and outlet structures, the use of inlet and outlet structures that are resistant to frost, including weirs and
larger diameter pipes, may be useful. Designing structures on-line, with a continuous flow of water through the pond, will
also help prevent freezing of these structures. Finally, since freezing of the permanent pool can reduce the effectiveness
of pond systems, it may be useful to incorporate extended detention into the design to retain usable treatment area above
the permanent pool when it is frozen.

A\UBURN
5




AUBURN, INDIANA STORM WATER BMP TECHNICAL MANUAL

WET RETENTION PONDS

Karst Topography

In karst (i.e., limestone) topography, wet ponds should be designed with an impermeable liner to prevent ground water

contamination or sinkhole formation, and to help maintain the permanent pool.

MAINTENANCE

In addition to incorporating features into the pond design to minimize maintenance, some regular maintenance and

inspection practices are needed. The table below outlines these practices.

Table 1. Typical maintenance activities for wet ponds (Source: WMI, 1997)

Activity
¢ If wetland components are included, inspect for invasive
vegetation.

e Inspect for damage.
e Note signs of hydrocarbon build-up, and deal with
appropriately.

e Monitor for sediment accumulation in the facility and forebay.

e Examine to ensure that inlet and outlet devices are free of
debris and operational.

e Repair undercut or eroded areas.

e Clean and remove debris from inlet and outlet structures.
e Mow side slopes.

e Manage and harvest wetland plants.

e Remove sediment from the forebay.

e Monitor sediment accumulations, and remove sediment
when the pool volume has become reduced significantly or
the pond becomes eutrophic.
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Schedule

Semi-annual
inspection

Annual
inspection

As needed
maintenance

Monthly
maintenance

Annual
maintenance
(if needed)

5-to 7-year
maintenance

20-to 50-year
maintenance
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EFFECTIVENESS

Structural storm water management practices can be used to achieve four broad resource protection goals. These
include flood control, channel protection, ground water recharge, and pollutant removal. Wet ponds can provide flood
control, channel protection, and pollutant removal.

Flood Control

One objective of storm water management practices can be to reduce the flood hazard associated with large storm events
by reducing the peak flow associated with these storms. Wet ponds can easily be designed for flood control by providing
flood storage above the level of the permanent pool.

Channel Protection

When used for channel protection, wet ponds have traditionally controlled the 2-year storm. It appears that this control
has been relatively ineffective, and recent research suggests that control of a smaller storm may be more appropriate
(MacRae, 1996).

Ground Water Recharge

Wet ponds cannot provide ground water recharge. Infiltration is impeded by the accumulation of debris on the bottom of
the pond.

Pollutant Removal

Wet ponds are among the most effective storm water management practices at removing storm water pollutants. A wide
range of research is available to estimate the effectiveness of wet ponds. Table 2 summarizes some of the research
completed on wet pond removal efficiency. Typical removal rates, as reported by Schueler (1997a) are:

Total Suspended Solids: 67%

Total Phosphorous: 48%

Total Nitrogen: 31%

Nitrate Nitrogen: 24%

Metals: 24-73%

Bacteria: 65%
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Study TSS | TP
City of Austin, TX 1991. Woodhollow, 54 | 46
TX
Driscoll 1983. Westleigh, MD 81 | 54
Dorman et al., 1989. West Pond, MN 65 | 25
Driscoll, 1983. Waverly Hills, Ml 91 | 79
Driscoll, 1983. Unqua, NY 60 | 45
Cullum, 1985. Timber Creek, FL 64 | 60
City of Austin, TX 1996. St. EImo, TX. 92 | 80
Horner, Guedry, and Kortenhoff, 1990. 99 | 91
SR 204, WA
Horner, Guedry, and Kortenhoff, 1990.
Seattle, WA 86.7 |78.4
Kantrowitz and Woodham, 1995. Saint 45 | 45
Joe's Creek, FL
Wu, 1989. Runaway Bay, NC 62 | 36
Driscoll 1983. Pitt-AA, MI 32 | 18
Bannerman and Dodds, 1992. Monroe 90 | 65
Street, WI
Horner, Guedry, and Kortenhoff, 1990. 75 | 67
Mercer, WA
Oberts, Wotzka, and Hartsoe 1989. 85 | 48
McKnight, MN
Yousef, Wanielista, and Harper 1986. i i
Maitland, FL
Wu, 1989. Lakeside Pond, NC 93 | 45
Oberts, Wotzka, and Hartsoe, 1989. 90 | 61
Lake Ridge, MN
Driscoll, 1983. Lake Ellyn, IL 84 | 34
Dorman et al., 1989. 1-4, FL 54 | 69
Martin, 1988. Highway Site, FL 83 | 37
Driscoll, 1983. Grace Street, Ml 32 |12
Occoquan Watershed Monitoring 85 | 86
Laboratory, 1983. Farm Pond, VA
Occoquan Watershed Monitoring 333 | 39
Laboratory, 1983. Burke, VA '
Dorman et al., 1989. Buckland, CT 61 | 45
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Table 2: Wet Pond Percent Removal Efficiency Data (Source: USEPA)

Wet Pond Removal Efficiencies

TN |NO3

39
37

62

15
19

45

61
66

80
17

24

87

10

97
28

22

Metals

69-76

26-82

44-66

57-95
80

2-58

88-90

65-67

38-82

32-52
13-62

65-75

23-51

67

77-96
80-87
73

71-78

47-74

50-77
26

38-84

25-51

Bacteria

46

86

89-91

Practice
Type

wet pond

wet pond
wet pond
wet pond
wet pond
wet pond
wet pond

wet pond
wet pond

wet pond

wet pond
wet pond

wet pond
wet pond
wet pond

wet pond
wet pond
wet pond

wet pond
wet pond
wet pond
wet pond

wet pond

wet pond

wet pond
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Holler, 1989. Boynton Beach Mall, FL 91 |76 @ - |87 - - wet pond
Urbonas, Carlson, and Vang 1994.
Shop Creek, CO 78 |49 | 12 | 85 | 51-57 - wet pond
I(\)/lﬁlerts and Wotzka, 1988. McCarrons, 91 78 85 - 90 i wet pond
Gain, 1996. FL 54 |30 16 |24 | 42-73 - wet pond
wet
Ontario Ministry of the Environment, 82 69 | - i i 97 extended
1991. Uplands, Ontario detention
pond
wet
Borden et al., 1996. Piedmont, NC 19.6 36.5/35.1 65.9 4 to 97 6 extended
detention
pond
wet
Holler, 1990. Lake Tohopekaliga i 85 | - i i i extended
District, FL detention
pond
wet
Ontario Ministry of the Environment extended
1991. Kennedy-Burnett, Ontario 98 | 79154 - | 21-39 99 detention
pond
wet
Ontario Ministry of the Environment 50 |47 | - i i 56 extended
1991. East Barrhaven, Ontario detention
pond
wet
Borden et al., 1996. Davis, NC 60.4 462 16 182 1551 = 4g  oxtended
detention
pond

There is considerable variability in the effectiveness of ponds, and it is believed that properly designing and maintaining
ponds may help to improve their performance. The siting and design criteria presented in this sheet reflect the best
current information and experience to improve the performance of wet ponds. A recent joint project of the American
Society of Civil Engineers (ASCE) and the USEPA Office of Water may help to isolate specific design features that can
improve performance. The National Stormwater Best Management Practice (BMP) database is a compilation of storm
water practices which includes both design information and performance data for various practices. As the database
expands, inferences about the extent to which specific design criteria influence pollutant removal may be made. More
information on this database is available from the BMP database web page at www.bmpdatabase.org.

COST

Wet ponds are relatively inexpensive storm water practices. The construction costs associated with these facilities range
considerably. A recent study (Brown and Schueler, 1997) estimated the cost of a variety of storm water management
practices. The study resulted in the following cost equation, adjusting for inflation:

C =245V%"®
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where:

C = Construction, design and permitting cost;

V = Volume in the pond to include the 10-year storm (ft%).
Using this equation, typical construction costs are:
$45,700 for a 1 acre-foot facility

$232,000 for a 10 acre-foot facility

$1,170,000 for a 100 acre-foot facility

Ponds do not consume a large area (typically 2—3 percent of the contributing drainage area). Therefore, the land
consumed to design the pond will not be very large. It is important to note, however, that these facilities are generally
large. Other practices, such as filters or swales, may be "squeezed" into relatively unusable land, but ponds need a
relatively large continuous area.

For ponds, the annual cost of routine maintenance is typically estimated at about 3 to 5 percent of the construction cost.
Alternatively, a community can estimate the cost of the maintenance activities outlined in the maintenance section. Ponds
are long-lived facilities (typically longer than 20 years). Thus, the initial investment into pond systems may be spread over
a relatively long time period.

In addition to the water resource protection benefits of wet ponds, there is some evidence to suggest that they may
provide an economic benefit by increasing property values. The results of one study suggest that "pond front" property
can increase the selling price of new properties by about 10 percent (USEPA, 1995). Another study reported that the
perceived value (i.e., the value estimated by residents of a community) of homes was increased by about 15 to 25 percent
when located near a wet pond (Emmerling-Dinovo, 1995).
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B, \
Source: Bing Brown, Phoenix Water Services
DESCRIPTION

Storm water wetlands (a.k.a. constructed wetlands) are structural practices
similar to wet ponds (see Wet Pond fact sheet) that incorporate wetland
plants into the design. As storm water runoff flows through the wetland,
pollutant removal is achieved through settling and biological uptake within
the practice. Wetlands are among the most effective storm water practices
in terms of pollutant removal and they also offer aesthetic value. Although
natural wetlands can sometimes be used to treat storm water runoff that
has been properly pretreated, storm water wetlands are fundamentally

different from natural wetland systems. Storm water wetlands are designed

Water Quantity Benefits

(low, medium, high)

Rate Reduction High
Volume Reduction Medium
Water Quality Benefits
(% Reduction)

Total Suspended Solids (TSS) 65
Total Phosphorus (P) 25
Total Nitrogen (N) 20
Metals 35-65
Oils and Grease NA
Bacteria NA
Other Considerations
(low, medium, high or other
Area Typically Served (acres) 1 (min)
% of Area Needed for BMP 10
Capital Costs Medium-
High
0O& M Costs Medium
Maintenance Low
Training Low
Effective Life (years) 20-50

specifically for the purpose of treating storm water runoff, and typically have less biodiversity than natural wetlands in
terms of both plant and animal life. Several design variations of the storm water wetland exist, each design differing in the
relative amounts of shallow and deep water, and dry storage above the wetland.

A distinction should be made between using a constructed wetland for storm water management and diverting storm
water into a natural wetland. The latter practice is not recommended because altering the hydrology of the existing
wetland with additional storm water can degrade the resource and result in plant die-off and the destruction of wildlife
habitat. In all circumstances, natural wetlands should be protected from the adverse effects of development, including
impacts from increased storm water runoff. This is especially important because natural wetlands provide storm water and

flood control benefits on a regional scale.
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APPLICABILITY

Constructed wetlands are widely applicable storm water management practices. While they have limited applicability in
highly urbanized settings and in arid climates, wetlands have few other restrictions.

Regional Applicability

Storm water wetlands can be applied in most regions of the United States, with the exception of arid climates. In arid and
semi-arid climates, it is difficult to design any storm water practice that has a permanent pool. Because storm water
wetlands are shallow, a relatively large area is subject to evaporation relative, to the volume of the practice. This makes
maintaining the permanent pool in wetlands both more challenging and more important than maintaining the pool of a wet
pond (see Wet Pond fact sheet).

Ultra-Urban Areas

Ultra-urban areas are densely developed urban areas in which little pervious surface exists. It is difficult to use wet ponds
in the ultra-urban environment because of the land area each wetland consumes. They can, however, be used in an
ultra-urban environment if a relatively large area is available downstream of the site.

Storm Water Hot Spots

Storm water hot spots are areas where land use or activities generate highly contaminated runoff, with concentrations of
pollutants in excess of those typically found in storm water. A typical example is a gas station. Wetlands can accept
runoff from storm water hot spots, but need significant separation from ground water if they will be used for this purpose.
Caution also needs to be exercised, if these practices are designed to encourage wildlife use, to ensure that pollutants in
storm water runoff do not work their way through the food chain of organisms living in or near the wetland.

Storm Water Retrofit

A storm water retrofit is a storm water management practice (usually structural) put into place after development has
occurred, to improve water quality, protect downstream channels, reduce flooding, or meet other specific objectives.
When retrofitting an entire watershed, storm water wetlands have the advantage of providing both educational and habitat
value. One disadvantage to wetlands, however, is the difficulty of storing large amounts of runoff without consuming a
large amount of land. It is also possible to incorporate wetland elements into existing practices, such as wetland plantings
(see Wet Pond and Dry Extended Detention Pond fact sheets)

Cold Water (Trout) Streams

Wetlands pose a risk to cold water systems because of their potential for stream warming. When water remains in the
permanent pool, it is heated by the sun. A study in Prince George's County, Maryland, investigated the thermal impacts of
a wide range of storm water management practices (Galli, 1990). In this study, only one wetland was investigated, which
was an extended detention wetland (see Design Variations). The practice increased the average temperature of storm
water runoff that flowed through the practice by about 3°F. As a result, it is likely that wetlands increase water
temperature.

ADVANTAGES/LIMITATIONS

Some features of storm water wetlands that may make the design challenging include the following:
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e Each wetland consumes a relatively large amount of space, making it an impractical option on many sites.

e Improperly designed wetlands can become a breeding area for mosquitoes.

e Wetlands require careful design and planning to ensure that wetland plants are sustained after the practice is in
place.

e |tis possible that storm water wetlands may release nutrients during the nongrowing season.

e Designers need to ensure that wetlands do not negatively impact natural wetlands or forest during the design
phase.

e Wetlands consume a large amount of land. This characteristic may limit their use in areas where land values are
high.

DESIGN AND SITING

In addition to the broad applicability concerns described above, designers need to consider conditions at the site level. In
addition, they need to incorporate design features to improve the longevity and performance of the practice, while
minimizing the maintenance burden.

Siting Considerations

In addition to the restrictions and modifications to adapting storm water wetlands to different regions and land uses,
designers need to ensure that this management practice is feasible at the site in question. The following section provides
basic guidelines for siting wetlands.

Drainage Area

Wetlands need sufficient drainage area to maintain the permanent pool. In humid regions, this is typically about 25 acres,
but a greater area may be needed in regions with less rainfall.

Slope

Wetlands can be used on sites with an upstream slope of up to about 15 percent. The local slope should be relatively
shallow, however. While there is no minimum slope requirement, there does need to be enough elevation drop from the
inlet to the outlet to ensure that hydraulic conveyance by gravity is feasible (generally about 3 to 5 feet).

Soils/Topography

Wetlands can be used in almost all soils and geology, with minor design adjustments for regions of karst (i.e. limestone)
topography (see Design Considerations).

Ground Water

Unless they receive hot spot runoff, wetlands can often intersect the ground water table. Some research suggests that
pollutant removal is reduced when ground water contributes substantially to the pool volume (Schueler, 1997b). Itis
assumed that wetlands would have a similar response.

Design Considerations
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Specific designs may vary considerably, depending on site constraints or preferences of the designer or community.
There are some features, however, that should be incorporated into most wetland designs. These design features can be
divided into five basic categories: pretreatment, treatment, conveyance, maintenance reduction, and landscaping.

Pretreatment

Pretreatment incorporates design features that help to settle out coarse sediment particles. By removing these particles
from runoff before they reach the large permanent pool, the maintenance burden of the pond is reduced. In wetlands,
pretreatment is achieved with a sediment forebay. A sediment forebay is a small pool (typically about 10 percent of the
volume of the permanent pool). Coarse particles remain trapped in the forebay, and maintenance is performed on this
smaller pool, eliminating the need to dredge the entire pond.

Treatment

Treatment design features help enhance the ability of a storm water management practice to remove pollutants. The
purpose of most of these features is to increase the amount of time and flowpath by which storm water remains in the
wetland. Some typical design features include

e The surface area of wetlands should be at least 1 percent of the drainage area to the practice.

e Wetlands should have a length-to-width ratio of at least 1.5:1. Making the wetland longer than it is wide helps
prevent "short circuiting" of the practice.

o Effective wetland design displays "complex microtopography.” In other words, wetlands should have zones of
both very shallow (<6 inches) and moderately shallow (<18 inches) wetlands incorporated, using underwater
earth berms to create the zones. This design will provide a longer flow path through the wetland to encourage
settling, and it provides two depth zones to encourage plant diversity.

Conveyance
Conveyance of storm water runoff into and through a storm water management practice is a critical component of any

practice. Storm water should be conveyed to and from practices safely and to minimize erosion potential. The outfall of
pond systems should always be stabilized to prevent scour. In addition, an emergency spillway should be provided to
safely convey large flood events. To help mitigate warming at the outlet channel, designers should provide shade around
the channel at the pond outlet.

Maintenance Reduction

In addition to regular maintenance activities needed to maintain the function of storm water practices, some design
features can be incorporated to ease the maintenance burden of each practice. In wetlands, maintenance reduction
features include techniques to reduce the amount of maintenance needed, as well as techniques to make regular
maintenance activities easier.

One potential maintenance concern in wet ponds is clogging of the outlet. Wetlands should be designed with a
nonclogging outlet such as a reverse-slope pipe or a weir outlet with a trash rack. A reverse-slope pipe draws from below
the permanent pool extending in a reverse angle up to the riser and establishes the water elevation of the permanent
pool. Because these outlets draw water from below the level of the permanent pool, they are less likely to be clogged by
floating debris. Another general rule is that no orifice should be less than 3 inches in diameter. Smaller orifices are
generally more susceptible to clogging, without specific design considerations to reduce this problem. Another feature
that can help reduce the potential for clogging of the outlet is to incorporate a small pool, or "micropool” at the outlet.
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Design features are also incorporated to ease maintenance of both the forebay and the main pool of wetlands. Wetlands
should be designed with a maintenance access to the forebay to ease this relatively routine (5- to 7-year) maintenance
activity. In addition, the permanent pool should have a pond drain to draw down the pond for the more infrequent
dredging of the main cell of the wetland.

Landscaping

Landscaping of wetlands can make them an asset to a community and can also enhance the pollutant removal of the
practice. In wetland systems, landscaping is an integral part of the design. To ensure the establishment and survival of
wetland plants, a landscaping plan should provide detailed information about the plants selected, when they will be
planted, and a strategy for maintaining them. The plan should detail wetland plants, as well as vegetation to be
established adjacent to the wetland.

A variety of techniques can be used to establish wetland plants. The most effective techniques are the use of nursery
stock as dormant rhizomes, live potted plants, and bare rootstock. A "wetland mulch," soil from a natural wetland or a
designed "wetland mix," can be used to supplement wetland plantings or alone to establish wetland vegetation. Wetland
mulch carries with it the seed bank from the original wetland, and can help to enhance diversity in the wetland. The least
expensive option to establish wetlands is to allow the wetland to colonize itself. One disadvantage to this last technique is
that invasive species such as cattails or Phragmites may dominate the wetland.

When developing a plan for wetland planting, care needs to be taken to ensure that plants are established in the proper
depth and within the planting season. This season varies regionally, and is generally between 2 and 3 months long in the
spring to early summer. Plant lists are available for various regions of the United States through wetland nurseries,
extension services, and conservation districts.

Design Variations

There are several variations of the wetland design. The designs are characterized by the volume of the wetland in deep
pool, high marsh, and low marsh, and whether the design allows for detention of small storms above the wetland surface.
Other design variations help to make wetland designs practical in cold climates.

Shallow Marsh

In the shallow marsh design, most of the wetland volume is in the relatively shallow high marsh or low marsh depths. The
only deep portions of the shallow wetland design are the forebay at the inlet to the wetland and the micropool at the outlet.
One disadvantage to this design is that, since the pool is very shallow, a large amount of land is typically needed to store
the water quality volume (i.e., the volume of runoff to be treated in the wetland).

Extended Detention Wetland

This design is the same as the shallow marsh, with additional storage above the surface of the marsh. Storm water is
temporarily ponded above the surface in the extended detention zone for between 12 and 24 hours. This design can treat
a greater volume of storm water in a smaller space than the shallow wetland design. In the extended detention wetland
option, plants that can tolerate wet and dry periods should be specified in the extended detention zone.

Pond/Wetland System

The pond/wetland system combines the wet pond (see Wet Retention Pond fact sheet) design with a shallow marsh.
Storm water runoff flows through the wet pond and into the shallow marsh. This design requires less surface area than
the shallow marsh because some of the volume of the practice is in the relatively deep (i.e., 6—8 feet) pond.
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Gravel-Based Wetlands

In this design, runoff flows through a rock filter with wetland plants at the surface. Pollutants are removed through
biological activity on the surface of the rocks, as well as by pollutant uptake of the plants. This practice is fundamentally
different from other wetland designs because, while most wetland designs behave like wet ponds with differences in
grading and landscaping, gravel-based wetlands are more similar to a filtering system.

Regional Variations
Cold Climates

Cold climates present many challenges to designers of wetlands. During the spring snowmelt, a large volume of water
runs off in a short time, carrying a relatively high pollutant load. In addition, cold winter temperatures may cause freezing
of the permanent pool or freezing at inlets and outlets. Finally, high salt concentrations in runoff resulting from road
salting, as well as sediment loads from road sanding, may impact wetland vegetation.

One of the greatest challenges of storm water wetlands, particularly shallow marshes, is that much of the practice is very
shallow. Therefore, much of the volume in the wetland can be lost as the surface of the practice freezes. One study
found that the performance of a wetland system was diminished during the spring snowmelt because the outlet and
surface of the wetland had frozen. Sediment and pollutants in snowmelt and rainfall events "skated" over the surface of
the wetland, depositing at the outlet of the wetland. When the ice melted, this sediment was washed away by storm
events (Oberts, 1994). Several design features can help minimize this problem, including:

e "On-line" designs allowing flow to move continuously can help prevent outlets from freezing.

e Wetlands should be designed with multiple cells, with a berm or weir separating each cell. This modification will
help to retain storage for treatment above the ice layer during the winter season.

e Outlets that are resistant to freezing should be used. Some examples include weirs or pipes with large diameters.

The salt and sand used to remove ice from roads and parking lots may also create a challenge to designing wetlands in
cold climates. When wetlands drain highway runoff, or parking lots, salt-tolerant vegetation, such as pickle weed or cord
grass should be used. (Contact a local nursery or extension agency for more information in your region). In addition,
designers should consider using a large forebay to capture the sediment from road sanding.

Karst Topography

In karst (i.e., limestone) topography, wetlands should be designed with an impermeable liner to prevent ground water
contamination or sinkhole formation, and to help maintain the permanent pool.

MAINTENANCE

In addition to incorporating features into the wetland design to minimize maintenance, some regular maintenance and
inspection practices are needed. Table 1 outlines these practices.

A\UBURN
6




WETLANDS

AUBURN, INDIANA STORM WATER BMP TECHNICAL MANUAL

Table 1. Regular maintenance activities for wetlands (Source: Adapted from WMI, 1997, and CWP, 1998)

EFFECTIVENESS

Structural storm water management practices can be used to achieve four broad resource protection goals. These
include flood control, channel protection, ground water recharge, and pollutant removal. Wetlands can provide flood

Activity
Replace wetland vegetation to maintain at least 50% surface

area coverage in wetland plants after the second growing
season.

Inspect for invasive vegetation and remove where possible.

Inspect for damage to the embankment and inlet/outlet
structures. Repair as necessary.

Note signs of hydrocarbon build-up, and deal with
appropriately.

Monitor for sediment accumulation in the facility and forebay.
Examine to ensure that inlet and outlet devices are free of
debris and are operational.

Repair undercut or eroded areas.

Clean and remove debris from inlet and outlet structures.
Mow side slopes.

Supplement wetland plants if a significant portion have not
established (at least 50% of the surface area).

Harvest wetland plants that have been "choked out" by
sediment build-up.

Remove sediment from the forebay.

Monitor sediment accumulations, and remove sediment when
the pool volume has become reduced significantly, plants are
"choked" with sediment, or the wetland becomes eutrophic.

control, channel protection, and pollutant removal.

Flood Control

One objective of storm water management practices can be to reduce the flood hazard associated with large storm events
by reducing the peak flow associated with these storms. Wetlands can easily be designed for flood control by providing

flood storage above the level of the permanent pool.
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One-time

Semi-annual
inspection

Annual inspection

As needed
maintenance
Frequent (3—4
times/year)
maintenance

Annual
maintenance
(if needed)

5-to 7-year
maintenance

20- to 50-year
maintenance
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Channel Protection

When used for channel protection, wetlands have traditionally controlled the 2-year storm. It appears that this control has
been relatively ineffective, and recent research suggests that control of a smaller storm may be more appropriate
(MacRae, 1996).

Ground Water Recharge

Wetlands cannot provide ground water recharge. The build-up of debris at the bottom of the wetland prevents the
movement of water into the subsoil.

Pollutant Removal

Wetlands are among the most effective storm water management practices at removing storm water pollutants. A wide
range of research is available to estimate the effectiveness of wetlands. Wetlands have high pollutant removal rates, and
are more effective than any other practice at removing nitrate and bacteria. Table 2 provides pollutant removal data
derived from the Center for Watershed Protection’s National Pollutant Removal Database for Stormwater Treatment
Practices (Winer, 2000).

Table 2. Typical Pollutant Removal Rates of Wetlands (%) (Winer, 2000)

Stormwater Treatment Practice Design Variation

Pollutant Shallow ED Pond/Wetland 'Submerged Gravel
Marsh | Wetland® System Wetland®
TSS 83151 69 71+35 83
TP 43140 39 56+35 64
TN 26+49 56 19429 19
NOx 73+49 35 40+68 81
Metals 36-85 (-80)-63 0-57 21-83
Bacteria 76" NA NA 78

'Data based on fewer than five data points

The effectiveness of wetlands varies considerably, but many believe that proper design and maintenance might help to
improve their performance. The siting and design criteria presented in this sheet reflect the best current information and
experience to improve the performance of wetlands. A recent joint project of the American Society of Civil Engineers
(ASCE) and the U.S. EPA Office of Water may help to isolate specific design features that can improve performance. The
National Stormwater Best Management Practice (BMP) database is a compilation of storm water practices which includes
both design information and performance data for various practices. As the database expands, inferences about the
extent to which specific design criteria influence pollutant removal may be made. More information on this database is
available on the BMP database web page at http://www.bmpdatabase.org
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COST
Wetlands are relatively inexpensive storm water practices. Construction cost data for wetlands are rare, but one
simplifying assumption is that they are typically about 25 percent more expensive than storm water ponds of an equivalent

volume. Using this assumption, an equation developed by Brown and Schueler (1997) to estimate the cost of wet ponds
can be modified to estimate the cost of storm water wetlands using the equation:

C=30.6V""®

where:

C = Construction, design, and permitting cost;

V = Wetland volume needed to control the 10-year storm (ft3).
Using this equation, typical construction costs are the following:
$ 57,100 for a 1 acre-foot facility

$ 289,000 for a 10 acre-foot facility

$ 1,470,000 for a 100 acre-foot facility

Wetlands consume about 3 to 5 percent of the land that drains to them, which is relatively high compared with other storm
water management practices. In areas where land value is high, this may make wetlands an infeasible option.

For wetlands, the annual cost of routine maintenance is typically estimated at about 3 percent to 5 percent of the
construction cost. Alternatively, a community can estimate the cost of the maintenance activities outlined in the
maintenance section. Wetlands are long-lived facilities (typically longer than 20 years). Thus, the initial investment into
these systems may be spread over a relatively long time period.

Although no studies are available on wetlands in particular, there is some evidence to suggest that wet ponds may
provide an economic benefit by increasing property values. The results of one study suggest that "pond frontage"
property can increase the selling price of new properties by about 10 percent (USEPA, 1995). Another study reported that
the perceived value (i.e., the value estimated by residents of a community) of homes was increased by about 15 to 25
percent when located near a wet pond (Emmerling-Dinovo, 1995). It is anticipated that well-designed wetlands, which
incorporate additional aesthetic features, would have the same benefit.

REFERENCES
This fact sheet is copied from the United States Environmental Protection Agency Post Construction
Stormwater Management in New Development & Redevelopment BMP Fact Sheet for Infiltration Basins

(cfpub.epa.gov/npdes/stormwater/menuofbmps/post_27.cfm).

Brown, W., and T. Schueler. 1997. The Economics of Stormwater BMPs in the Mid-Atlantic Region. Prepared for
Chesapeake Research Consortium, Edgewater, MD by Center for Watershed Protection, Ellicott City, MD.

A\UBURN
9




AUBURN, INDIANA STORM WATER BMP TECHNICAL MANUAL

WETLANDS

Emmerling-Dinovo, C. 1995. Stormwater Detention Basins and Residential Locational Decisions. Water Resources
Bulletin, 31(3):515-521.

Galli, F. 1990. Thermal Impacts Associated with Urbanization and Stormwater Best Management Practices. Prepared for
Maryland Department of the Environment, Baltimore, MD, by Metropolitan Council of Governments, Washington, DC.

MacRae, C. 1996. Experience from morphological research on canadian streams: Is control of the two-year frequency
runoff event the best basis for stream channel protection? In Effects of Watershed Development and Management on
Aquatic Ecosystems. American Society of Civil Engineers, Snowbird, UT.

Maryland Department of the Environment (MDE). 2000. Maryland Stormwater Design Manual.
[http://www.mde.state.md.us/environment/wma/stormwatermanual]. Accessed May 22, 2001.

Oberts, G. 1994. Performance of stormwater ponds and wetlands in winter. Watershed Protection Techniques, 1(2): 64—
68

Schueler, T. 1997b. Influence of ground water on performance of stormwater ponds in Florida. Watershed Protection
Techniques 2(4):525-528.

USEPA. 1995. Economic Benefits of Runoff Controls. U.S. Environmental Protection Agency, Office of Wetlands, Oceans,
and Watersheds, Washington, DC.

Watershed Management Institute (WMI). 1997. Operation, Maintenance, and Management of Stormwater Management
Systems. Prepared for U.S. Environmental Protection Agency, Office of Water, Washington, DC, by Watershed
Management Institute, Ingleside, MD.

Winer, R. 2000. National Pollutant Removal Database for Stormwater Treatment Practices: 2nd Edition. Center for
Watershed Protection, Ellicott City, MD.
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Water Quantity Benefits
(low, medium, high)

Rate Reduction High

Volume Reduction High

Water Quality Benefits
(% Reduction)

Total Suspended Solids (TSS) 75-90
Total Phosphorus (P) 50-70
Total Nitrogen (N) 45-60
Metals 75-90
Oil and Grease NA

Bacteria 70-80

Other Considerations
(low, medium, high or other)

DESCRIPTION Area Typically Served (acres) 2-4

An infiltration trench (a.k.a. infiltration galley) is a rock-filled trench with no % of Area Needed for BMP 24
outlet that receives storm water runoff. Storm water runoff passes through Capital Costs Medium
some combination of pretreatment measures, such as a swale and 0& M Costs Medium
detention basin, and into the trench. There, runoff is stored in the void
space between the stones and infiltrates through the bottom and into the Maintenance Medium
soil matrix. The primary pollutant removal mechanism of this practice is Trainin Medium
filtering through the soil. 9

Effective Life (years) 10-15

APPLICABILITY

Infiltration trenches have select applications. While they can be applied in most regions of the country, their use is sharply
restricted by concerns due to common site factors, such as potential ground water contamination, soils, and clogging.

Regional Applicability

Infiltration trenches can be utilized in most regions of the country, with some design modifications in cold and arid
climates. In regions of karst (i.e., limestone) topography, these storm water management practices may not be applied
due to concerns of sink hole formation and ground water contamination.

Ultra-Urban Areas

Ultra-urban areas are densely developed urban areas in which little pervious surface exists. Infiltration trenches can
sometimes be applied in the ultra-urban environment. Two features that can restrict their use are the potential of
infiltrated water to interfere with existing infrastructure, and the relatively poor infiltration of most urban soils.
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Storm Water Hot Spots

Storm water hot spots are areas where land use or activities generate highly contaminated runoff, with concentrations of
pollutants in excess of those typically found in storm water. Infiltration trenches should not receive runoff from storm water
hot spots, unless the storm water has already been treated by another storm water management practice, because of
potential ground water contamination.

ADVANTAGES/LIMITATIONS

Although infiltration trenches can be a useful management practice, they have several limitations. While they do not
detract visually from a site, infiltration trenches provide no visual enhancements. Their application is limited due to
concerns over ground water contamination and other soils requirements. Finally, maintenance can be burdensome, and
infiltration practices have a relatively high rate of failure.

DESIGN AND SITING

Infiltration trenches have select applications. Although they can be applied in a variety of situations, the use of infiltration
trenches is restricted by concerns over ground water contamination, soils, and clogging.
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Siting Considerations

Infiltration practices need to be sited extremely carefully. In particular, designers need to ensure that the soils on site are
appropriate for infiltration and that designs minimize the potential for ground water contamination and long-term
maintenance.

Drainage Area

Infiltration trenches generally can be applied to relatively small sites (less than 5 acres), with relatively high impervious
cover. Application to larger sites generally causes clogging, resulting in a high maintenance burden.
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Slope

Infiltration trenches should be placed on flat ground, but the slopes of the site draining to the practice can be as steep as
15 percent.

Soils/Topography

Soils and topography are strongly limiting factors when locating infiltration practices. Soils must be significantly
permeable to ensure that the storm water can infiltrate quickly enough to reduce the potential for clogging. In addition,
soils that infiltrate too rapidly may not provide sufficient treatment, creating the potential for ground water contamination.
The infiltration rate should range between 0.5 and 3 inches per hour. In addition, the soils should have no greater than 20-
percent clay content, and less than 40-percent silt/clay content (MDE, 2000). The infiltration rate and textural class of the
soil need to be confirmed in the field; designers should not rely on more generic information such as a soil survey. Finally,
infiltration trenches may not be used in regions of karst topography, due to the potential for sinkhole formation or ground
water contamination.

Ground Water

Designers always need to provide significant separation (2 to 5 feet) from the bottom of the infiltration trench and the
seasonally high ground water table, to reduce the risk of contamination. In addition, infiltration practices should be
separated from drinking water wells.

Design Considerations

Specific designs may vary considerably, depending on site constraints or preferences of the designer or community.
There are some features, however, that should be incorporated into most infiltration trench designs. These design
features can be divided into five basic categories: pretreatment, treatment, conveyance, maintenance reduction, and
landscaping.

Pretreatment

Pretreatment refers to design features that provide settling of large particles before runoff reaches a management
practice, easing the long-term maintenance burden. Pretreatment is important for all structural storm water management
practices, but it is particularly important for infiltration practices. To ensure that pretreatment mechanisms are effective,
designers should incorporate "multiple pretreatment,” using practices such as grassed swales, vegetated filter strips,
detention, or a plunge pool in series.

Treatment

Treatment design features enhance the pollutant removal of a practice. During the construction process, the upland soils
of infiltration trenches need to be stabilized to ensure that the trench does not become clogged with sediment.
Furthermore, the practice should be filled with large clean stones that can retain the volume of water to be treated in their
voids. Like infiltration basins, this practice should be sized so that the volume to be treated can infiltrate out of the trench
bottom in 24 hours.

AABAURN
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Conveyance

Storm water needs to be conveyed through storm water management practices safely, and in a way that minimizes
erosion. Designers need to be particularly careful in ensuring that channels leading to an infiltration practice are designed
to minimize erosion. Infiltration trenches should be designed to treat only small storms, (i.e., only for water quality). Thus,
these practices should be designed "off-line," using a structure to divert only small flows to the practice. Finally, the sides
of an infiltration trench should be lined with a geotextile fabric to prevent flow from causing rills along the edge of the
practice.

Maintenance Reduction

In addition to regular maintenance activities, designers also need to incorporate features into the design to ensure that the
maintenance burden of a practice is reduced. These features can make regular maintenance activities easier or reduce
the need to perform maintenance. As with all management practices, infiltration trenches should have an access path for
maintenance activities. An observation well (i.e., a perforated PVC pipe that leads to the bottom of the trench) can enable
inspectors to monitor the drawdown rate. Where possible, trenches should have a means to drain the practice if it
becomes clogged, such as an underdrain. An underdrain is a perforated pipe system in a gravel bed, installed on the
bottom of filtering practices to collect and remove filtered runoff. An underdrain pipe with a shutoff valve can be used in
an infiltration system to act as an overflow in case of clogging.

Landscaping

In infiltration trenches, there is no landscaping on the practice itself, but it is important to ensure that the upland drainage
is properly stabilized with thick vegetation, particularly following construction.

Regional Variations

Arid or Semi-Arid Climates

In arid regions, infiltration practices are often highly recommended because of the need to recharge the ground water.
One concern in these regions is the potential of these practices to clog, due to relatively high sediment concentrations in
these environments. Pretreatment needs to be more heavily emphasized in these dryer climates.

Cold Climates

In extremely cold climates (i.e., regions that experience permafrost), infiltration trenches may be an infeasible option. In
most cold climates, infiltration trenches can be a feasible management practice, but there are some challenges to their
use. The volume may need to be increased in order to treat snowmelt. In addition, if the practice is used to treat roadside
runoff, it may be desirable to divert flow around the trench in the winter to prevent infiltration of chlorides from road salting,
where this is a problem. Finally, a minimum setback from roads is needed to ensure that the practice does not cause frost
heaving.

MAINTENANCE

In addition to incorporating features into the design to minimize maintenance, some regular maintenance and inspection
practices are needed. Table 1 outlines some of these practices.

Table 1: Typical maintenance activities for infiltration trenches (Source: Modified from WMI, 1997)
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Activity Schedule

e Check observation wells following 3 days of dry
weather. Failure to percolate within this time period

indicates clogging. Semi-annual
e Inspect pretreatment devices and diversion inspection
structures for sediment build-up and structural
damage.
e Remove sediment and oil/grease from pretreatment Standard
devices and overflow structures. maintenance
e If bypass capability is available, it may be possible
to regain the infiltration rate in the short term by 5-year
using measures such as providing an extended dry | maintenance
period.

e Total rehabilitation of the trench should be
conducted to maintain storage capacity within 2/3 of
the design treatment volume and 72-hour
exfiltration rate limit.

e Trench walls should be excavated to expose clean
soil.

Upon failure

Infiltration practices have historically had a high rate of failure compared to other storm water management practices.
One study conducted in Prince George's County, Maryland (Galli, 1992), revealed that less than half of the infiltration
trenches investigated (of about 50) were still functioning properly, and less than one-third still functioned properly after 5
years. Many of these practices, however, did not incorporate advanced pretreatment. By carefully selecting the location
and improving the design features of infiltration practices, their performance should improve.

EFFECTIVENESS

Structural storm water management practices can be used to achieve four broad resource protection goals. These
include flood control, channel protection, ground water recharge, and pollutant removal. Infiltration trenches can provide
ground water recharge, pollutant control, and can help somewhat to provide channel protection.

Ground Water Recharge

Infiltration trenches recharge the ground water because runoff is treated for water quality by filtering through the soil and
discharging to ground water.

Pollutant Removal

Very little data are available regarding the pollutant removal associated with infiltration trenches. It is generally assumed
that they have very high pollutant removal, because none of the storm water entering the practice remains on the surface.
Schueler (1987) estimated pollutant removal for infiltration trenches based on data from land disposal of wastewater. The
average pollutant removal, assuming the infiltration trench is sized to treat the runoff from the given storm, is:

I Table 2: Estimated pollutant removal effectiveness for water quality trenches (%)
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TSS| TP TN Metals | BOD | Bacteria Comments
75 [50-55Q045-55]175-80] 70 75 Capture of 0.5 in of runoff (first flush)
75 [60-70)55-6085-90 75 90 Capture of 1 in of runoff
90 [60-70)55-60]85-90 80 90 Capture of 2 in of runoff

Source: Schueler (1987).

These removal efficiencies assume that the infiltration trench is well designed and maintained. The information in the
Siting and Design Considerations and Maintenance Considerations sections represent the best available information on
how to properly design these practices. The design references below provide additional information.

COST

Infiltration trenches are somewhat expensive, when compared to other storm water practices, in terms of cost per area
treated. Typical construction costs, including contingency and design costs, are about $5 per ft> of storm water treated
(SWRPC, 1991; Brown and Schueler, 1997).

Infiltration trenches typically consume about 2 to 3 percent of the site draining to them, which is relatively small. In
addition, infiltration trenches can fit into thin, linear areas. Thus, they can generally fit into relatively unusable portions of a
site.

One cost concern associated with infiltration practices is the maintenance burden and longevity. If improperly maintained,
infiltration trenches have a high failure rate (see Maintenance Considerations). In general, maintenance costs for
infiltration trenches are estimated at between 5 percent and 20 percent of the construction cost. More realistic values are
probably closer to the 20-percent range, to ensure long-term functionality of the practice.

REFERENCES

This majority of this fact sheet was copied from the United States Environmental Protection Agency
Post Construction Stormwater Management in New Development & Redevelopment BMP Fact Sheet for
Infiltration Trenches (cfpub.epa.gov/npdes/stormwater/menuofbmps/post_14.cfm).

Maryland Department of the Environment (MDE). 2000. Maryland Stormwater Design Manual.
[http://www.mde.state.md.us/environment/wma/stormwatermanual]. Accessed May 22, 2001.

Watershed Management Institute (WMI). 1997. Operation, Maintenance, and Management of Stormwater Management
Systems. Prepared for U.S. Environmental Protection Agency, Office of Water, Washington, DC.

Brown, W., and T. Schueler. 1997. The Economics of Stormwater BMPs in the Mid-Atlantic Region. Prepared for the
Chesapeake Research Consortium, Edgewater, MD, by the Center for Watershed Protection, Ellicott City, MD.

Galli, J. 1992. Analysis of Urban BMP Performance and Longevity in Prince George's County, Maryland. Metropolitan
Washington Council of Governments, Washington, DC.

Schueler, T. 1987. Controlling Urban Runoff: A Practical Manual for Planning and Designing Urban BMPs. Metropolitan
Washington Council of Governments, Washington, DC.
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Southeastern Wisconsin Regional Planning Commission (SWRPC). 1991. Costs of Urban Nonpoint Source Water
Pollution Control Measures. Southeastern Wisconsin Regional Planning Commission, Waukesha, WI.

Federal Highway Administration, 2000, Stormwater Best Management Practices in an Ultra-Urban Setting: Selection and
Monitoring, Office of Natural Environment, USDOT, Washington, DC
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“I

Source: Pennsylvania Department of Environmental Protection

DESCRIPTION

An infiltration basin is a shallow impoundment which is designed to infiltrate
storm water into the ground water. This practice is believed to have a high
pollutant removal efficiency and can also help recharge the ground water,
thus restoring low flows to stream systems. Infiltration basins can be
challenging to apply on many sites, however, because of soils
requirements. In addition, some studies have shown relatively high failure
rates compared with other management practices.

APPLICABILITY

Infiltration basins have select applications. Their use is often sharply

Water Quantity Benefits

(low, medium, high)

Rate Reduction High
Volume Reduction High
Water Quality Benefits
(% Reduction)
Total Suspended Solids (TSS) 75-99
Total Phosphorus (P) 50-70
Total Nitrogen (N) 45-70
Metals 50-90
Oil and Grease NA
Bacteria 75-98
Other Considerations
(low, medium, high or other)
Area Typically Served (acres) 2-20
% of Area Needed for BMP 2-4
Capital Costs Medium
0O& M Costs Medium
Maintenance Medium
Training Low
Effective Life (years) 5-10
(before
deep
tilling)

restricted by concerns over ground water contamination, soils, and clogging at the site.

Regional Applicability

Infiltration basins can be utilized in most regions of the country, with some designh modifications in cold and arid climates.
In regions of karst (i.e., limestone) topography, these storm water management practices may not be applied due to

concerns of sink hole formation and ground water contamination.

Ultra-Urban Areas

Ultra-urban areas are densely developed urban areas in which little pervious surface exists. In these areas, few storm
water practices can be easily applied due to space limitations. Infiltration basins can rarely be applied in the ultra-urban

environment.
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Two features that can restrict their use are the potential of infiltrated water to interfere with existing infrastructure, and the
relatively poor infiltration capacity of most urban soils. In addition, while they consume only the space of the infiltration
basin site itself, they need a continuous, relatively flat area. Thus, it is more difficult to fit them into small unusable areas
on a site.

Storm Water Hot Spots

A storm water hot spot is an area where land use or activities generate highly contaminated runoff, with concentrations of
pollutants in excess of those typically found in storm water. Infiltration basins should never receive runoff from storm
water hot spots, unless the storm water has already been treated by another practice. This caution is due to potential
ground water contamination.

Storm Water Retrofit

A storm water retrofit is a storm water practice (usually structural) put into place after development has occurred, to
improve water quality, protect downstream channels, reduce flooding, or meet other specific objectives. Infiltration basins
have limited applications as a storm water retrofit. Their use is restricted by three factors. First, infiltration basins should
be used to treat small sites (less than 5 acres). Practices that are applied to small sites, such as infiltration basins, are
generally a high-cost retrofit option in terms of construction cost and the maintenance burden associated with the large
number of practices needed to retrofit a watershed. Second, it is often difficult to find areas where soils are appropriate
for infiltration in an already urban or suburban environment. Finally, infiltration basins are best applied to small sites, yet
need a flat, relatively continuous area. It is often difficult to find sites with this type of area available.

Cold Water (Trout) Streams

Infiltration basins are an excellent option for cold water streams because they encourage infiltration of storm water and
maintain dry weather flow. Because storm water travels underground to the stream, it has little opportunity to increase in
temperature.

ADVANTAGES/LIMITATIONS

Although infiltration basins can be useful practices, they have several limitations. Infiltration basins are not generally
aesthetic practices, particularly if they clog. If they clog, the soils become saturated, and the practice can be a source of
mosquitoes. In addition, these practices are challenging to apply because of concerns over ground water contamination
and sufficient soil infiltration. Finally, maintenance of infiltration practices can be burdensome, and they have a relatively
high rate of failure.

DESIGN AND SITING

When designing infiltration basins, designers need to carefully consider both the restrictions on the site and design
features to improve the long-term performance of the practice.

Siting Considerations

Infiltration practices need to be located extremely carefully. In particular, designers need to ensure that the soils on the
site are appropriate for infiltration, and that designs minimize the potential for ground water contamination and long-term
maintenance problems.
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Drainage Area

Infiltration basins have historically been used as regional facilities, serving for both quantity and quality control. In some
regions of the country, this practice is feasible, particularly if the soils are particularly sandy. In most areas, however,
infiltration basins experience high rates of failure when used in this manner. In general, the practice is best applied to
relatively small drainage areas (i.e., less than 10 acres).

Slope
The bottom of infiltration basins needs to be completely flat to allow infiltration throughout the entire basin bottom.

Soils/Topography

Soils and topography are strongly limiting factors when locating infiltration practices. Soils must be significantly
permeable to ensure that the practice can infiltrate quickly enough to reduce the potential for clogging, and soils that
infiltrate too rapidly may not provide sufficient treatment, creating the potential for ground water contamination. The
infiltration rate should range between 0.5 and 3 inches per hour. In addition, the soils should have no greater than 20
percent clay content, and less than 40 percent silt/clay content (MDE, 2000). Finally, infiltration basins may not be used in
regions of karst topography, due to the potential for sinkhole formation or ground water contamination.

Ground Water

Designers always need to provide significant separation distance (2 to 5 feet) from the bottom of the infiltration basin and
the seasonally high ground water table, to reduce the risk of contamination. Infiltration practices should also be separated
from drinking water wells.

Design Considerations

Specific designs may vary considerably, depending on site constraints or preferences of the designer or community.
There are some features, however, that should be incorporated into most infiltration basin designs. These design features
can be divided into five basic categories: pretreatment, treatment, conveyance, maintenance reduction, and landscaping.

Pretreatment

Pretreatment refers to design features that provide settling of large particles before runoff reaches a management
practice, easing the long-term maintenance burden. Pretreatment is important for all structural management practices,
but it is particularly important for infiltration practices. In order to ensure that pretreatment mechanisms are effective,
designers should incorporate "multiple pretreatment,” using practices such as grassed swales, sediment basins, and
vegetated filter strips in series.

Treatment

Treatment design features enhance the pollutant removal of a practice. For infiltration practices, designers need to
stabilize upland soils to ensure that the basin does not become clogged with sediment. In addition, the facility needs to be
sized so that the volume of water to be treated infiltrates through the bottom in a given amount of time. Because
infiltration basins are designed in this manner, infiltration basins designed on less permeable soils should be significantly
larger than those designed on more permeable soils.
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Conveyance

Storm water needs to be conveyed through storm water management practices safely and in a way that minimizes
erosion. Designers need to be particularly careful in ensuring that channels leading to an infiltration practice are designed
to minimize erosion. In general, infiltration basins should be designed to treat only small storms (i.e., only for water
quality). Thus, these practices should be designed "off-line," using a flow separator to divert only small flows to the
practice.

Maintenance Reduction

In addition to regular maintenance activities, designers also need to incorporate features into the design to ensure that the
maintenance burden of a practice is reduced. These features can make regular maintenance activities easier or reduce
the need to perform maintenance. In infiltration basins, designers need to provide access to the basin for regular
maintenance activities. Where possible, a means to drain the basin, such as an underdrain, should be provided in case
the bottom becomes clogged. This feature allows the basin to be drained and accessed for maintenance in the event that
the water has ponded in the basin bottom or the soil is saturated.

Landscaping

Landscaping can enhance the aesthetic value of storm water practices or improve their function. In infiltration basins, the
most important purpose of vegetation is to reduce the tendency of the practice to clog. Upland drainage needs to be
properly stabilized with a thick layer of vegetation, particularly immediately following construction. In addition, providing a
thick turf at the basin bottom helps encourage infiltration and prevent the formation of rills in the basin bottom.

Design Variations
Some modifications may be needed to ensure the performance of infiltration basins in arid and cold climates.

Arid or Semi-Arid Climates

In arid regions, infiltration practices are often highly recommended because of the need to recharge the ground water. In
arid regions, designers need to emphasize pretreatment even more strongly to ensure that the practice does not clog,
because of the high sediment concentrations associated with storm water runoff in areas such as the Southwest. In
addition, the basin bottom may be planted with drought-tolerant species and/or covered with an alternative material such
as sand or gravel.

Cold Climates

In extremely cold climates (i.e., regions that experience permafrost), infiltration basins may be an infeasible option. In
most cold climates, infiltration basins can be a feasible practice, but there are some challenges to its use. First, the
practice may become inoperable during some portions of the year when the surface of the basin becomes frozen. Other
design features also may be incorporated to deal with the challenges of cold climates. One such challenge is the volume
of runoff associated with the spring snowmelt event. The capacity of the infiltration basin might be increased to account
for snowmelt volume.

Another option is the use of a seasonably operated facility (Oberts, 1994). A seasonally operated infiltration/detention
basin combines several techniques to improve the performance of infiltration practices in cold climates. Two features, the
underdrain system and level control valves, are useful in cold climates. These features are used as follows: At the
beginning of the winter season, the level control valve is opened and the soil is drained. As the snow begins to melt in the
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spring, the underdrain and the level control valves are closed. The snowmelt is infiltrated until the capacity of the soil is
reached. Then, the facility acts as a detention facility, providing storage for particles to settle.

Other design features can help to minimize problems associated with winter conditions, particularly concerns that
chlorides from road salting may contaminate ground water. The basin may be disconnected during the winter to ensure
that chlorides do not enter the ground water in areas where this is a problem, or if the basin is used to treat roadside
runoff. Designers may also want to reconsider application of infiltration practices on parking lots or roads where deicing is
used, unless it is confirmed that the practice will not cause elevated chloride levels in the ground water. If the basin is
used for snow storage, or to treat roadside or parking lot runoff, the basin bottom should be planted with salt-tolerant
vegetation.

MAINTENANCE

Regular maintenance is critical to the successful operation of infiltration basins (see Table 1). Historically, infiltration
basins have had a poor track record. In one study conducted in Prince George's County, Maryland (Galli, 1992), all of the
infiltration basins investigated clogged within 2 years. This trend may not be the same in soils with high infiltration rates,
however. A study of 23 infiltration basins in the Pacific Northwest showed better long-term performance in an area with
highly permeable soils (Hilding, 1996). In this study, few of the infiltration basins had failed after 10 years.

Table 1. Typical maintenance activities for infiltration basins (Source: Modified from WMI, 1997)

Activity Schedule
e Inspect facility for signs of wetness or damage to
structures
e Note eroded areas.
e If dead or dying grass on the bottom is observed, Semi-annual
check to ensure that water percolates 2—3 days inspection

following storms.
¢ Note signs of petroleum hydrocarbon
contamination and handle properly.

e Mow and remove litter and debris.

e Stabilize of eroded banks.

e Repair undercut and eroded areas at inflow and
outflow structures.

Standard
maintenance
(as needed)

e Disc or otherwise aerate bottom. Annual
e Dethatch basin bottom. maintenance

e Scrape bottom and remove sediment. Restore
original cross-section and infiltration rate.
e Seed or sod to restore ground cover.

5-year
maintenance
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EFFECTIVENESS

Structural management practices can be used to achieve four broad resource protection goals. These include flood
control, channel protection, ground water recharge, and pollutant removal. Infiltration basins can provide ground water
recharge and pollutant removal.

Ground Water Recharge

Infiltration basins recharge the ground water because runoff is treated for water quality by filtering through the soil and
discharging to ground water.

Pollutant Removal

Very little data are available regarding the pollutant removal associated with infiltration basins. It is generally assumed
that they have very high pollutant removal because none of the storm water entering the practice remains on the surface.
Schueler (1987) estimated pollutant removal for infiltration basins based on data from land disposal of wastewater.

The removal efficiencies given on page one assume that the infiltration basin is well designed and maintained. The
information in the Siting and Design Considerations and Maintenance Considerations sections represent the best
available information on how to properly design these practices. The design references below also provide additional
information.

COST

Infiltration basins are relatively cost-effective practices because little infrastructure is needed when constructing them.
One study estimated the total construction cost at about $2 per ft® (adjusted for inflation) of storage for a 0.25-acre basin
(SWRPC, 1991). Infiltration basins typically consume about 2 to 3 percent of the site draining to them, which is relatively
small. Maintenance costs are estimated at 5 to 10 percent of construction costs.

One cost concern associated with infiltration practices is the maintenance burden and longevity. If improperly maintained,
infiltration basins have a high failure rate (see Maintenance Considerations). Thus, it may be necessary to replace the
basin after a relatively short period of time.
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DESCRIPTION

Sand filters are usually two-chambered storm water practices; the first is a settling chamber, and the second is a filter bed
filled with sand or another filtering media. As storm water flows into the first chamber, large particles settle out, and then
finer particles and other pollutants are removed as storm water flows through the filtering medium. There are several
modifications of the basic sand filter design, including the surface sand filter, underground sand filter, perimeter sand filter,
organic media filter, and Multi-Chamber Treatment Train. All of these filtering practices operate on the same basic
principle. Modifications to the traditional surface sand filter were made primarily to fit sand filters into more challenging
design sites (e.g., underground and perimeter filters) or to improve pollutant removal (e.g., organic media filter).

APPLICABILITY
Sand filters can be applied in most regions of the country and on most types of sites. Some restrictions at the site level,
however, might restrict the use of sand filters as a storm water management practice (see Siting and Design

Considerations).

Regional Applicability
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Although sand filters can be used in both cold and arid climates, some design modifications might be necessary (see
Siting and Design Considerations).

Ultra-Urban Areas

Ultra-urban areas are densely developed urban areas in which little pervious surface is present. Sand filters in general
are good options in these areas because they consume little space. Underground and perimeter sand filters in particular
are well suited to the ultra-urban setting because they consume no surface space.

Storm Water Hot Spots

Storm water hot spots are areas where land use or activities generate highly contaminated runoff, with concentrations of
pollutants in excess of those typically found in storm water. These areas include commercial nurseries, auto recycle
facilities, commercial parking lots, fueling stations, storage areas, industrial rooftops, marinas, outdoor container storage
of liquids, outdoor loading/unloading facilities, public works storage areas, hazardous materials generators (if containers
are exposed to rainfall), vehicle service and maintenance areas, and vehicle and equipment washing/steam cleaning
facilities. Sand filters are an excellent option to treat runoff from storm water hot spots because storm water treated by
sand filters has no interaction with, and thus no potential to contaminate, the groundwater.

Storm Water Retrofit

A storm water retrofit is a storm water management practice (usually structural) put into place after development has
occurred to improve water quality, protect downstream channels, reduce flooding, or meet other specific objectives. Sand
filters are a good option to achieve water quality goals in retrofit studies where space is limited because they consume
very little surface space and have few site restrictions. It is important to note, however, that sand filters cannot treat a
very large drainage area. Using small-site BMPs in a retrofit may be the only option for a retrofit study in a highly
urbanized area, but it is expensive to treat the drainage area of an entire watershed using many small-site practices, as
opposed to one larger facility such as a pond.

Cold Water (Trout) Streams

Some species in cold water streams, notably trout, are extremely sensitive to changes in temperature. To protect these
resources, designers should avoid treatment practices that increase the temperature of the storm water runoff they treat.
Sand filters can be a good treatment option for cold water streams. In some storm water treatment practices, particularly
wet ponds, runoff is warmed by the sun as it resides in the permanent pool. Surface sand filters are typically not designed
with a permanent pool, although there is ponding in the sedimentation chamber and above the sand filter. Designers may
consider shortening the detention time in cold water watersheds. Underground and perimeter sand filter designs have
little potential for warming because these practices are not exposed to the sun.

DESIGN AND SITING

Siting and Design Considerations
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In addition to the broad applicability issues described above, designers need to consider conditions at the site level and
need to incorporate design features to improve the longevity and performance of the practice, while minimizing the
maintenance burden.

Siting Considerations

Some considerations when selecting a storm water management practice are the drainage area the practice will need to
treat, the slopes both at the location of the practice and draining to it, soil and subsurface conditions, and the depth of the
seasonably high ground water table. Although sand filters are relatively versatile, some site restrictions such as available
head might limit their use.

Drainage Area

Sand filters are best applied on relatively small sites (up to 10 acres for surface sand filters and closer to 2 acres for
perimeter or underground filters [MDE, 2000]). Filters have been used on larger drainage areas, of up to 100 acres, but
these systems can clog when they treat larger drainage areas unless adequate measures are provided to prevent
clogging, such as a larger sedimentation chamber or more intensive regular maintenance.

Slope
Sand filters can be used on sites with slopes up to about 6 percent. It is challenging to use most sand filters in very flat

terrain because they require a significant amount of elevation drop, or head (about 5 to 8 feet), to allow flow through the
system. One exception is the perimeter sand filter, which can be applied with as little as 2 feet of head.

Soils/Topography

When sand filters are designed as a stand-alone practice, they can be used on almost any soil because they can be
designed so that storm water never infiltrates into the soil or interacts with the ground water. Alternatively, sand filters can
be designed as pretreatment for an infiltration practice, where soils do play a role.

Ground Water

Designers should provide at least 2 feet of separation between the bottom of the filter and the seasonally high ground
water table. This design feature prevents both structural damage to the filter and possibly, though unlikely, groundwater
contamination.

Design Considerations

Specific designs may vary considerably, depending on site constraints or preferences of the designer or community.
Some features, however, should be incorporated into most designs. These design features can be divided into five basic
categories: pretreatment, treatment, conveyance, maintenance reduction, and landscaping.

Pretreatment

Pretreatment is a critical component of any storm water management practice. In sand filters, pretreatment is achieved in
the sedimentation chamber that precedes the filter bed. In this chamber, the coarsest particles settle out and thus do not
reach the filter bed. Pretreatment reduces the maintenance burden of sand filters by reducing the potential of these
sediments to clog the filter. Designers should provide at least 25 percent of the water quality volume in a dry or wet
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sedimentation chamber as pretreatment to the filter system. The water quality volume is the amount of runoff that will be
treated for pollutant removal in the practice. Typical water quality volumes are the runoff from a 1-inch storm or % inch of
runoff over the entire drainage area to the practice.

The area of the sedimentation chamber may be determined based on the Camp-Hazen equation, as adapted by the
Washington State Department of Ecology (Washington State DOE, 1992). This equation can be expressed as:

As = (Qu/W)In(1-E)
where:

A = surface area (ft%);
Q, = discharge rate from basin (water quality volume/detention time);
W = particle settling velocity (ft/s);

[CWP (1996) used a settling of 0.0004 ft/s for drainage areas greater than 75% impervious and 0.0033 ft/s for
drainage areas less than or equal to 75% impervious to account for the finer particles that erode from pervious
surfaces.]

E = removal efficiency fraction (usually assumed to be about 0.9(90%)).

Using the simplifying assumption of a 24-hour detention time, CWP (1996) reduced the above equation to
As = 0.066WTV (>75%)

As = 0.0081WTV (< or = 75%)

where

WTV = water quality volume (ft3), or the volume of storm water to be treated by the practice.

Treatment

Treatment design features help enhance the ability of a storm water management practice to remove pollutants. In filtering
systems, designers should provide at least 75 percent of the water quality volume in the practice (including both the sand
chamber and the sediment chamber). In sand filters, designers should select a medium sand as the filtering medium.

The filter bed should be sized using Darcy's Law, which relates the velocity of fluids to the hydraulic head and the
coefficient of permeability of a medium. The resulting equation, as derived by the city of Austin, Texas, (1996), is

AF =WTV d/[k t (h+d)]
where
AF = area of the filter bed (ftz);

d = depth of the filter bed (ft; usually about 1.5 feet, depending on the design);
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k = coefficient of permeability of the filtering medium (ft/day);
t = time for the water quality volume to filter through the system (days; usually assumed to be 1.67 days); and
h = average water height above the sand bed (ft; assumed to be one-half of the maximum head).

Typical values for k, as assembled by CWP (1996), are shown in Table 1.

Table 1: Coefficient of permeability values for storm water filtering practices (CWP, 1996)

Coefficient of Permeability

Filter Medium (ft/day)
Sand 35
Peat/Sand 2.75
Compost 8.7

Conveyance

Conveyance of storm water runoff into and through a storm water practice is a critical component of any storm water
management practice. Storm water should be conveyed to and from practices safely and in a manner that minimizes
erosion potential. Ideally, some storm water treatment can be achieved during conveyance to and from the practice.

Typically, filtering practices are designed as "off-line" systems, meaning that they have the smaller water quality volume
diverted to them only during larger storms, using a flow splitter, which is a structure that bypasses larger flows to the
storm drain system or to a stabilized channel. One exception is the perimeter filter; in this design, all flows enter the
system, but larger flows overflow to an outlet chamber and are not treated by the practice.

All filtering practices, with the exception of exfilter designs (see Design Variations) are designed with an under drain below
the filtering bed. An under drain is a perforated pipe system in a gravel bed, installed on the bottom of filtering practices
and used to collect and remove filtered runoff.

Maintenance Reduction

In addition to regular maintenance activities needed to maintain the function of storm water practices, some design
features can be incorporated to ease the maintenance burden of each practice. Designers should provide maintenance
access to filtering systems. In underground sand filters, confined space rules defined by the Occupational Safety and
Health Administration (OSHA) need to be addressed.

Landscaping

Landscaping can add to both the aesthetic value and the treatment ability of storm water practices. In sand filters, little
landscaping is generally used on the practice, although surface sand filters and organic media filters may be designed
with a grass cover on the surface of the filter. In all filters, designers need to ensure that the contributing drainage has
dense vegetation to reduce sediment loads to the practice.

Design Variations

As mentioned earlier in this fact sheet, there are five basic storm water filter designs--surface sand filter, underground
filter, perimeter filter (also known as the "Delaware" filter), organic media filter, and Multi-Chamber Treatment Train. Other
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design variations can incorporate design features to recharge ground water or to meet the design challenges of cold or
arid climates.

Underground Sand Filter

The underground sand filter is a modification of the surface sand filter, where all of the filter components are underground.
Like the surface sand filter, this practice is an off-line system that receives only the smaller water quality events.
Underground sand filters are expensive to construct but consume very little space. They are well suited to highly
urbanized areas.

Multi-Chamber Treatment Train

The Multi-Chamber Treatment Train (Robertson et al., 1995) is essentially a "deluxe sand filter." This underground
system consists of three chambers. Storm water enters into the first chamber, where screening occurs, trapping large
sediments and releasing highly volatile materials. The second chamber provides settling of fine sediments and further
removal of volatile compounds and also floatable hydrocarbons through the use of fine bubble diffusers and sorbent pads.
The final chamber provides filtration by using a sand and peat mixed medium for reduction of the remaining pollutants.
The top of the filter is covered by a filter fabric that evenly distributes the water volume and prevents channelization.
Although this practice can achieve very high pollutant removal rates, it might be prohibitively expensive in many areas and
has been implemented only on an experimental basis.

Exfiltration/Partial Exfiltration

In exfilter designs, all or part of the under drain system is replaced with an open bottom that allows infiltration to the
ground water. When the under drain is present, it is used as an overflow device in case the filter becomes clogged.
These designs are best applied in the same soils where infiltration practices are used (see Infiltration Basin and Infiltration
Trench fact sheets).

Regional Variations
Arid Climates

Filters have not been widely used in arid climates. In these climates, however, it is probably necessary to increase
storage in the sediment chamber to account for high sediment loads. Designers should consider increasing the volume of
the sediment chamber to up to 40 percent of the water quality volume.

Cold Climates

In cold climates, filters can be used, but surface or perimeter filters will not be effective during the winter months, and
unintended consequences might result from a frozen filter bed. Using alternative conveyance measures such as a weir
system between the sediment chamber and filter bed may avoid freezing associated with the traditional standpipe. Where
possible, the filter bed should be below the frost line. Some filters, such as the peat/sand filter, should be shut down
during the winter. These media will become completely impervious during freezing conditions. Using a larger under drain
system to encourage rapid draining during the winter months may prevent freezing of the filter bed. Finally, the sediment
chamber should be larger in cold climates to account for road sanding (up to 40 percent of the water quality volume).

ADVANTAGES/LIMITATIONS
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Sand filters can be used in unique conditions where many other storm water management practices are inappropriate,
such as in karst (i.e., limestone) topography or in highly urbanized settings. There are several limitations to these
practices, however. Sand filters cannot control floods and generally are not designed to protect stream channels from
erosion or to recharge the ground water. In addition, sand filters require frequent maintenance, and underground and
perimeter versions of these practices are easily forgotten because they are out of sight. Perhaps one of the greatest
limitations to sand filters is that they cannot be used to treat large drainage areas. Finally, surface sand filters are
generally not aesthetically pleasing management practices. Underground and perimeter sand filters are not visible, and
thus do not add or detract from the aesthetic value of a site.

MAINTENANCE

Intense and frequent maintenance and inspection practices are needed for filter systems. Table 2 outlines some of these
requirements.

Table 2: Typical maintenance/inspection activities for filtration systems (Adapted from WMI, 1997; CWP, 1997)

Activity Schedule

e Ensure that contributing area, filtering practice, inlets, and outlets
are clear of debris.

e Ensure that the contributing area is stabilized and mowed, with
clippings removed.

e Check to ensure that the filter surface is not clogging (also after
moderate and major storms).

e Ensure that activities in the drainage area minimize oil/grease
and sediment entry to the system.

e If a permanent pool is present, ensure that the chamber does not
leak and that normal pool level is retained.

e Replace sorbent pillows (Multi-Chamber Treatment Train only). Biannual

Monthly

e Check to see that the filter bed is clean of sediments, and the
sediment chamber is no more than one-half full of sediment.
Remove sediment if necessary.

e Make sure that there is no evidence of deterioration, sailing, or

cracking of concrete.

Inspect grates (if used).

Inspect inlets, outlets, and overflow spillway to ensure good

condition and no evidence of erosion.

Repair or replace any damaged structural parts.

Stabilize any eroded areas.

Ensure that flow is not bypassing the facility.

Ensure that no noticeable odors are detected outside the facility.

Annual

EFFECTIVENESS
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Structural storm water management practices can be used to achieve four broad resource protection goals: flood control,
channel protection, ground water recharge, and pollutant removal. Filtering practices are for the most part adapted only to
provide pollutant removal.

Ground Water Recharge

In exfilter designs, some ground water recharge can be provided; however, none of the other sand filter designs can
provide recharge.

Pollutant Removal

Sand filters are effective storm water management practices for pollutant removal. Removal rates for all sand filters and
organic filters are presented in Table 3. With the exception of nitrates, which appear to be exported from filtering systems,
they perform relatively well at removing pollutants. The export of nitrates from filters may be caused by mineralization of
organic nitrogen in the filter bed. Table 3 shows typical removal efficiencies for sand filters.

Table 3: Sand filter removal efficiencies (percent)

Compost Multi-Chamber
) Peat/Sand | Filter System Treatment Train
Sand Filters Filter -
(Schueler, . Pitt .
(Curran, stewart, | Leif, | et | Pitt,  Greb et
1997)
1996) 1992 1999  al., 1996  al., 1998
1997
TSS 87 66 95 85 85 83 98
TP 51 51 41 4 80 - 84
TN 44 47 - - - - .
Nitrate 13 22 34 95 - 14 -
44- | 65- | 91-
Metals 34-80 26-75 61-88 75 9 | 100 83-89
Bacteria 55 - - - - - -

From the few studies available, it is difficult to determine if organic filters necessarily have higher removal efficiencies than
sand filters. The Multi-Chamber Treatment Train appears to have high pollutant removal for some constituents, although
these data are based on only a handful of studies. The siting and design criteria presented in this fact sheet reflect the
best current information and experience to improve the performance of sand filters. A recent joint project of the American
Society of Civil Engineers (ASCE) and the U.S. EPA Office of Water may help to isolate specific design features that can
improve performance. The National Stormwater Best Management Practice (BMP) database is a compilation of storm
water practices that includes both design information and performance data for various practices. As the database
expands, inferences about the extent to which specific design criteria influence pollutant removal may be made. For more
information on this database, access the BMP database web page at http://www.bmpdatabase.org.

COST

There are few consistent data on the cost of sand filters, largely because, with the exception of Austin, Texas, Alexandria,
Virginia, and Washington, D.C., they have not been widely used. Furthermore, filters have such varied designs that it is
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difficult to assign a cost to filters in general. A study by Brown and Schueler (1997) was unable to find a statistically valid
relationship between the volume of water treated in a filter and the cost of the practice, but typical total cost of installation
ranged between $2.50 and $7.50 per cubic foot of storm water treated, with an average cost of about $5 per cubic foot.
(This estimate includes approximately 25 percent contingency costs beyond the construction costs reported). The cost
per impervious acre treated varies considerably depending on the region and design used (see Table 4). It is important to
note that, although underground and perimeter sand filters can be more expensive than surface sand filters, they
consume no surface space, making them a relatively cost-effective practice in ultra-urban areas where land is at a
premium.
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Table 4: Construction costs for various sand filters (Source: Schueler, 1994)

Region (Design) Cost/Impervious Acre

Delaware (Perimeter) $10,000
Alexandria, VA (Perimeter) $23,500
Austin, TX (<2 acres) (Surface) $16,000
Austin, TX (>5 acres) (Surface) $3,400
Washington, DC (underground) $14,000

Denver, CO $30,000-$50,000

Multi-Chamber Treatment Train $40,000-$80,000
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The surface sand filter has been employed since the early 1980s to provide Capital Costs Medium
stormwater quality management. One of the forerunners in developing the 0O& M Costs Medium
surface sand filter design has been the City of Austin, Texas. The Austin . Medi
design consists of a bypass chamber, a sedimentation chamber that Maintenance edium
provides pretreatment, a flow distribution cell, and a sand filter bed. The Training Low
design illustrated shows many of the features common to surface sand i )
filters. Typically, the filter bed has a 450 to 600 mm (18 to 24 in) deep sand | Effective Life (years) 5-20
layer that traps or strains pollutants before runoff is collected in an

underdrain system (gravel and perforated pipe) and conveyed to a discharge point.

A bypass chamber is used to protect the BMP from high inflows, diverting any flow in excess of the capacity of the
structure. This works with the sedimentation cell(s) to prevent high loads of coarse sediment from entering the filter bed.

In terms of drainage area, the Austin design has been successfully employed for drainage areas ranging from 0.4 to 40.5
ha (1 to 100 ac).

Surface sand filters are very well suited to managing the first flush volume, which typically contains the highest
concentration of pollutants. However, the design is poorly suited to providing stormwater quantity management to prevent

flooding because high flows can easily damage the filter bed. As a result, it is strongly recommended that the design be
installed in an off-line configuration.

The Austin filter works by a combination of sedimentation, filtration, and adsorption. The sedimentation section located
just upstream of the filter section serves as pretreatment, removing larger-diameter suspended solids. Partially treated
stormwater then flows slowly into the filter section, where fine-grain material is strained from the stormwater as it passes
through the filter medium. The sand medium filter traps up to 90 percent of the small particles in stormwater runoff (6 to 41
microns) if a 460 mm (18 in) layer of sand is used. However, the extent of adsorption by sand of some dissolved
pollutants is relatively small when compared to other filter media. For example, sand medium adsorbs much less
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positively charged dissolved metals and hydrocarbons than either soil or peat medium primarily due to its relatively low
cation exchange capacity (CEC); sand has a CEC that is 13 percent that of the soil medium and 0.002 percent of the peat
medium.

APPLICABILITY

Although it has been applied within an urban setting, the Austin sand filter may require a significant commitment of land
area (generally between two and seven percent of the drainage area). Consequently, many of the installations within the
City of Austin are in newer, less densely developed portions of the municipality. Within an ultra-urban setting this design
might be restrictive requiring a completely subsurface BMP (see Underground Sand Filter Fact Sheet).

The applicability of surface sand filters to roadway projects has been demonstrated. For example, the Texas Department
of Transportation has designed and/or installed Austin sand filters to provide stormwater management for several large
highway projects. Overall, the design provides dependable performance and can be designed so it does not pose an
additional safety hazard for automotive traffic.

ADVANTAGES/LIMITATIONS

Surface sand filters can often require large land area and is not very effective at dissolved pollutants. Surface sand filters
are only useful for water quality control and not water quantity control.

DESIGN & SIZING

Various design approaches can be taken in designing surface sand filters, including those developed in Austin. Design
differences tend to be found in the size of the sedimentation area, the duration of sedimentation, and the loading rate of
the filter media. For practicality, most designs limit the maximum water depth in the facility to less than 2.4 m (8 ft) and
drain the system by gravity.

There are two basic designs for the Austin surface sand filter that manage the first 12.7 mm (0.5 in) of runoff, a partial
sedimentation design and a full sedimentation design. The designs differ in terms of the volume of the sedimentation
chamber and the size of the filter area. A partial sedimentation design creates a smaller footprint than a full sedimentation
design but typically requires more maintenance. The partial sedimentation design is intended for areas that are relatively
flat sloped and requires sufficient sedimentation area to store 20 percent of the water quality volume. The partial
sedimentation design requires 16.7 m2 (180 ft2) of filter area per impervious acre. The full sedimentation design provides
sufficient sedimentation area to store the entire water quality volume (100 percent), a volume that is subsequently
released to the filter bed over a 24-hour period. The full sedimentation design requires 9.3 m2 (100 ft2) of area per
impervious acre (assuming a permeability of the sand medium of 1 m/day [3.5 ft/day]). More extensive information
regarding the design process used for the Austin sand filter should be acquired directly from the City of Austin's
Environmental Criteria Manual (City of Austin, 1991).

There are also other approaches to surface sand filter designs that can be considered. One general rule of thumb is the
required sedimentation area in square meters should be equal to 0.020 times the water quality volume in cubic meters
(0.066 for area in square feet and volume in cubic feet) for drainage areas with an imperviousness of less than 75 percent
(Claytor and Schueler, 1996). For areas with imperviousness greater than 75 percent, the sedimentation area
commitment is 0.0024 times the water quality volume (0.0081 for area in square feet and volume in cubic feet). These
recommendations recognize that ultra-urban runoff typically contains a high percentage of large-diameter sediment
particles and therefore the settling area can be decreased (Shaver, 1994). When using this design approach, the
recommended length-to-width ratio of the settling chamber is 2:1 or greater to limit short-circuiting, and the minimum
recommended water depth in the settling chamber is 0.92 m (3 ft). This design approach also calls for the total storage
volume in the sedimentation chamber and filter chamber to be equal to 75 percent of the water quality volume. At least
half of the total storage volume should be located in the sedimentation chamber. The facility storage volume calculation
should include void storage in the sand medium (typical porosity between 30 and 40 percent). In sizing the filter area it is
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recommended that a drawdown time of 40 hours be used and that the total depth of sand medium not exceed 0.61 m (2
ft). More information regarding this design approach can be found in Design of Stormwater Filtering Systems (Claytor and
Schueler, 1996).

It should be noted that for any of the surface filter designs it is possible to substitute filter media other than sand. Refer to
the Organic Media Filters Fact Sheet for additional information on organic media filters (peat/sand and compost media)
and their advantages and disadvantages. Although over 500 Austin sand filters are currently operating, it is not known
how long the basic design will last. Given the relatively low level technology typically employed, it seems reasonable to
assume an effective life between 25 and 50 years with regular maintenance.

MAINTENANCE

In general, the recommended frequency for performance monitoring is at least once per year. Each inspection should log
information on the depth and location of any ponding, the depth of discoloration in the filter bed, and the depth of
accumulated material over the sand media.

Most filters exhibit diminished capacity after a few years due to surface clogging by organic matter, fine silts, and
hydrocarbons. Restoration of the original filtration capacity includes manual removal of any accumulated material and the
first several inches of discolored sand. New sand is placed to reestablish the design grade of the filter medium. From a
review of numerous references, it appears the material (sand/silt) accumulates in most sand filters at a rate between 13 to
25 mm/yr (0.5 to 1 in/yr). Maintenance can be reduced by employing surface sand filters only in drainage areas with 100
percent imperviousness. This significantly reduces the fine-grain material reaching the filter (silt and clay) which can clog
the filter bed (Schueler, 1995). In areas with high trash loading, a wide-mesh geotextile screen can be placed over
portions of the filter surface to simplify removal of the debris.

Regarding specific maintenance issues for the Austin sand filter design, the partial sedimentation design requires more
frequent maintenance of the filter bed because there is less settling of solids in the sedimentation chamber. This tends to
lead to greater sediment loads entering the filter bed than is experienced for full sedimentation designs (Young et al.,
1996). Greater sediment loads translate into higher maintenance costs because more frequent replacement of the sand
media will be required.

EFFECTIVENESS

The Austin sand filter design has demonstrated good total suspended solids (TSS) removals, typically providing 85
percent treatment. Performance for nutrients is less significant, and in fact the sand filter may be a source of nitrate (NO3)
since ammonia in stormwater will undergo nitrification in the aerobic filter. However, sand filters are reported to decrease
the total nitrogen (TN) load by approximately 35 percent. Total phosphorus (TP) removals range up to 55 percent, and
there is a wide variation in metal removal rates (ranging between 35 and 90 percent). Removal of oil and grease by sand
filters has been reported to average between 55 and 84 percent (Horner and Horner, 1995). Reduction in fecal coliform
bacteria ranges between 40 and 80 percent.

The bulk of Austin sand filter designs have been in a warmer climate (central Texas) and reported removal rates probably
reflect this influence (see Table 13). The filter performance would probably decrease if exposed to prolonged cold periods,
which freeze the filter media. However, in a recent application of a sand filter in Alexandria, Virginia, it was reported that
the filter operated effectively immediately after an arctic freeze even with several inches of frozen runoff in the settling
area (Bell et al., 1995).

With the integration of a sedimentation chamber, the design provides pretreatment for the filter. However, where high
loadings of oil or grease are encountered, additional pretreatment measures, such as grassed swales or vegetated filter
strips are advisable.

COST
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The surface sand filter design is a moderately expensive BMP to employ (Claytor and Schueler, 1996). However, the cost
of installation is strongly correlated with the nature of the construction employed. If the filter is installed within an ultra-
urban setting, it is likely that relatively expensive concrete walls will be used to create the various chambers. This type of
installation will be significantly more expensive than an earthen-walled design, where relatively inexpensive excavation
and compaction construction techniques lower the installation cost. However, earthen-wall designs require a greater land
area commitment, which can offset the reduction in construction costs.

The construction cost of surface sand filters is also related to economies of scale-the cost per impervious hectare or acre
served decreases with an increase in the service area. In 1994, the construction costs for Austin sand filters were $39,500
per impervious hectare (or $16,000 per impervious acre) for facilities serving less than two acres and $8,400 per
impervious hectare (or $3,400 per impervious acre) for facilities serving greater than five acres (Schueler, 1994). These
construction cost estimates exclude real estate, design, and contingency costs. (Note that these unit cost values should
be used for conceptual cost estimating purposes only.)
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DESCRIPTION Area Typically Served (acres) 2-5
The organic media filters improve water quality through a combination of % of Area Needed for BMP 2-3

sedimentation, filtration, and adsorption processes. The sedimentation

section located just upstream of the filter section serves as pretreatment,
removing larger diameter suspended solids and capturing floating 0& M Costs High
hydrocarbons. Partially treated stormwater then flows slowly into the filter
section where fine-grain material is strained from stormwater as it passes
through the filter media. Training Low

Capital Costs Medium
Maintenance Medium

The subsurface or underground filter design is well adapted for applications | Effective Life (years) 5-20

with limited land area and provides turnkey performance that is
independent of local soil conditions, groundwater levels, and other factors. The underground filter design typically consists
of a multi-chamber vault that is completely below grade and is covered with a grating or structural concrete. It is most
useful for multipurpose land uses, that is, where committed land area will also be used for automobile parking or for public
parks. The surface filter design, sometimes called the Austin filter, also consists of a multichambered facility. While most
of the filter is located at or slightly below grade the filter is not covered and so requires a commitment of land area (refer to
the Fact Sheets on Underground Sand Filters and Surface Sand Filters for additional information).

As with other stormwater filters, the purpose of organic media filters is to manage the first flush, which typically contains
the highest concentration of pollutants. If designed as an off-line facility, however, such filters can provide true capture
and treatment of any water quality volume.

A number of design variations or proprietary systems featuring organic media are currently available (e.g., StormFilter™).
While these systems basically use the same treatment mechanisms, there are differences in the size of settling areas or
chambers, loading rates, and media configuration.
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APPLICABILITY

Organic media filters can be used in underground and surface filter designs. Of these, the underground filter is considered
to be more applicable to the ultra-urban setting. It requires a small commitment of land area, provides dependable service,
and is relatively effective in removing urban pollutants. Furthermore, its design is inherently flexible, and the size and
shape of the unit can be set based on local requirements.

Surface filter designs can also utilize organic media and are typically less expensive to construct and maintain than
underground filter designs. Unfortunately, surface designs typically prevent multipurpose land uses and therefore are
limited in their application to ultra-urban settings. In roadside settings where there is sufficient space (typically two to three
percent of the drainage area served), a surface filter design may be preferred.

If they are placed below the frost line, the performance of organic media filters is relatively independent of season. In

addition, the level of treatment is generally independent of placement and in situ soil conditions do not affect performance.
For most designs pretreatment is integrated into the filter facility in the form of a settling chamber. Additional pretreatment
may be provided by streetsweeping to remove accumulated sand and trash, which can diminish the useful life of the filter.

ADVANTAGES/LIMITATIONS
Organic media filters can be adapted to a variety of sites as above or below ground using a relatively small area.

Organic media filters, similar to sand filters, are normally only designed for water quality improvement and not water
guantity control.

DESIGN & SIZING

Two broad categories of organic media designs exist: (1) variations on existing sand medium filter designs and (2)
proprietary designs that are optimized for organic media. For the first design category, organic media are simply
substituted for sand, affecting the size of the filter portion of the facility. Information on existing sand filter designs is
provided in the Surface Sand Filters and Underground Sand Filters Fact Sheets. These sand medium designs should be
varied to reflect the permeability of the substituted organic media. It has been recommended in a recent evaluation that
combination peat/sand filters be designed based on a permeability of 0.8 m/day (2.75 ft/day), or a value approximately 79
percent of that recommended for sand-only filters (City of Austin, 1991). On the other hand, compost medium filters have
a wide range of permeability values depending on their age and degree of clogging. Designers should be aware that initial
permeability can be very high (in the range of 122 m/day [400 ft/day], a value much higher than that used to specify the
filter area); Claytor and Schueler (1996) recommend a design permeability value of 2.7 m/day (8.7 ft/day). Several good
sources are available for detailed design procedures and information on underground and surface filter designs, including
Design of Stormwater Filtering Systems (Claytor and Schueler, 1996) and Evaluation and Management of Highway
Runoff Water Quality (Young et al., 1996).

One proprietary underground design that features organic media is the CSF® Type Il system, which uses cylindrical filter
cartridges filled with a granular organic medium consisting of composted leaves. (Figure 16 illustrates a recent
advancement in StormFilter™ technology, formerly the CSF® system.) The filter works by percolating stormwater through
the cylindrical cartridges containing certified CSF® compost media. Because of the highly porous nature of the granular
media, the flow through a newly installed cartridge is restricted by a valve to 57 L/min (15 gal/min). This allows more time
for sediment to settle and ensures adequate contact time for pollutant removal. The CSF® system is equipped with scum
baffles that trap floating debris and surface films; even during overflow conditions. A typical unit requires 0.67 m (2.2 ft) of
drop from the inlet invert to the outlet invert. A portion of the sediment settles out in the area around the cylinders; more
sediment, including particulate forms of nutrients and heavy metals, are trapped by the porous structure of the compost.
Sizes range from 1.83 m X 2.44 m (6 ft X 8 ft) (treating about 284 L/min [75 gal/min] peak flow) to 2.44 m X 5.49 m (8 ft X
18 ft) vaults (which treat about 1360 L/min [360 gal/min], or 0.023 m3/s [0.8 ft3/s]). Housed in standard size precast or
cast in place concrete vaults, the filter systems are installed in-line with storm drains.
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MAINTENANCE

Annual maintenance costs for organic filters vary as a function of the design used. Surface filter designs using a
peat/sand medium require periodic mowing and removal of the grass cuttings to avoid unwanted plant growth. In addition,
at least an annual inspection is required for this design and reseeding of the grass cover crop may be required.

Filter designs that feature horizontal compost bed filters will likely be replaced every three to four years to prevent heavy
metal concentrations from reaching levels that exceed the "clean sludge" definition under 40 CFR Part 503 (USEPA,
1994). These designs also require removal of accumulated material and rototilling of the compost to reestablish the
required permeability.

Maintenance for underground designs that use organic media can be inferred from information given for sand-only
medium filters given in the Fact Sheets for Underground Sand Filters and Surface Sand Filters. A D.C. underground sand
filter serving a 0.4 ha (1 ac) area was serviced by removal and replacement of a gravel ballast and filter cloth, for $1300 in
1994 (Bell, 1996). It is reasonable to assume organic media filters would require comparable service. It should be noted
that repair of subsurface filters requires confined space entry, which dictates larger management crews and a higher cost
to repair than surface filters.

The maintenance of proprietary organic media filters varies with the manufacturer; it is likely that maintenance will include
removing accumulated material that has settled in the facility and periodic replacement of organic media cartridges on an
annual or biennial basis. For example, manufacturers of the CSF® system indicate annual maintenance costs will range
from $500 to $1200 (for 280 and 1360 L/min [75 and 360 gal/min] systems, respectively).

EFFECTIVENESS

Organic media filters are highly efficient in removing fine-grain material (small particles in stormwater runoff between 6
and 41 microns). As an additional benefit, organic media are capable of removing a portion of dissolved material found in
stormwater. For example, the peat medium has a cation exchange capacity (CEC) 500 times that of sand. This greatly
increases its ability to adsorb or capture positively charged dissolved metals and hydrocarbons, increasing the removal
performance.

Organic media filters have demonstrated good total suspended solids (TSS) removals, typically providing 90 to 95 percent
removal (Claytor and Schueler, 1996; Stewart, 1992). Performance for nutrients is less significant; in fact, the organic
media may be a source of soluble phosphorus and nitrate (NO3). Total phosphorus (TP) removals range up to 49 percent,
while variable removal of metals is typically between 48 and 90 percent (Figure 14). Removal of oil and gasoline averages
about 90 percent (Claytor and Schueler, 1996).

COST

The cost of surface facilities using organic media filters is comparable to the cost of filtration facilities that use sand
medium (with the exception of proprietary systems). For conceptual costing a price of $8,400 to $39,500 per impervious
hectare served (or $3,400 to $16,000 per impervious acre served) can be used to estimate the construction cost of a
proposed facility, excluding real estate, design, and contingency costs (Schueler, 1994).

Underground filters are generally considered to be a high-cost BMP option for water quality management. The
construction cost per hectare served is typically around $34,600 and the cost per acre served is typically around $14,000,
excluding real estate, design, and contingency costs (Schueler, 1994).

Drop-in CSF® vertical organic media units are typically precast vaults delivered to the site either partially or fully
assembled. Typical cost variables include the need for ballast, type of lids and doors, customized casting of sections or
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holes, and depth of the vault. Systems treating peak flows of 280 and 1360 L/min (75 and 360 gal/min) have an estimated
installed cost of $10,000 and $25,000, respectively (Stormwater Management, 1996).
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DESCRIPTION

Bioretention areas are landscaping features adapted to provide on-site
treatment of storm water runoff. They are commonly located in parking lot
islands or within small pockets of residential land uses. Surface runoff is
directed into shallow, landscaped depressions. These depressions are
designed to incorporate many of the pollutant removal mechanisms that
operate in forested ecosystems. During storms, runoff ponds above the
mulch and soil in the system. Runoff from larger storms is generally
diverted past the facility to the storm drain system. The remaining runoff
filters through the mulch and prepared soil mix. Typically, the filtered runoff
is collected in a perforated underdrain and returned to the storm drain
system.

APPLICABILITY

Water Quantity Benefits

(low, medium, high)

Rate Reduction High
Volume Reduction Medium
Water Quality Benefits
(% Reduction)

Total Suspended Solids (TSS) 75
Total Phosphorus (P) 50
Total Nitrogen (N) 50
Metals 75-80
Oils & Grease NA
Bacteria NA
Other Considerations
(low, medium, high or other)

Area Typically Served (acres) 1-50
% of Area Needed for BMP 4-10
Capital Costs Medium
O&M Costs Low
Maintenance Medium
Training Low
Effective Life (years) 5-20

Bioretention systems are generally applied to small sites and in a highly urbanized setting. Bioretention can be applied in
many climatological and geologic situations, with some minor design modifications.

Regional Applicability

Bioretention systems are applicable almost everywhere in the United States. In arid or cold climates, however, some

minor design modifications may be needed.

Ultra-Urban Areas

Ultra-urban areas are densely developed urban areas in which little pervious surface exists. Bioretention facilities are
ideally suited to many ultra-urban areas, such as parking lots. While they consume a fairly large amount of space
(approximately 5 percent of the area that drains to them), they can be fit into existing parking lot islands or other

landscaped areas.
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Bioretention Area
Source: ETA and Biohabitats, 1993

Storm Water Hot Spots

Storm water hot spots are areas where land use or activities generate highly contaminated runoff, with concentrations of
pollutants in excess of those typically found in storm water. A typical example is a gas station or convenience store
parking lot. Bioretention areas can be used to treat storm water hot spots as long as an impermeable liner is used at the
bottom of the filter bed.

Storm Water Retrofit

A storm water retrofit is a storm water management practice (usually structural) put into place after development has
occurred, to improve water quality, protect downstream channels, reduce flooding, or meet other specific objectives.
Bioretention can be used as a storm water retrofit, by modifying existing landscaped areas, or if a parking lot is being
resurfaced. In highly urbanized areas, this is one of the few retrofit options that can be employed. However, it is very
expensive to retrofit an entire watershed or subwatershed using storm water management practices designed to treat
small sites.

Cold Water (Trout) Streams
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Some species in cold water streams, notably trout, are extremely sensitive to changes in temperature. In order to protect
these resources, designers should avoid treatment practices that increase the temperature of the storm water runoff they
treat. Bioretention is a good option in cold water streams because water ponds in them for only a short time, decreasing

the potential for stream warming.

ADVANTAGES/LIMITATIONS

Bioretention areas have a few limitations. Bioretention areas cannot be used to treat a large drainage area, limiting their
usefulness for some sites. In addition, although the practice does not consume a large amount of space, incorporating
bioretention into a parking lot design may reduce the number of parking spaces available. Finally, the construction cost of
bioretention areas is relatively high compared with many other management practices (see Cost Considerations).

DESIGN AND SITING

In addition to the broad applicability concerns described above, designers need to consider conditions at the site level. In
addition, they need to incorporate design features to improve the longevity and performance of the practice, while
minimizing the maintenance burden.

Siting
Some considerations for selecting a storm water management practice are the drainage area the practice will need to
treat, the slopes both at the location of the practice and the drainage area, soil and subsurface conditions, and the depth

of the seasonably high ground water table. Bioretention can be applied on many sites, with its primary restriction being
the need to apply the practice on small sites.

Drainage Area

Bioretention areas should usually be used on small sites (i.e., 5 acres or less). When used to treat larger areas, they tend
to clog. In addition, it is difficult to convey flow from a large area to a bioretention area.

Slope

Bioretention areas are best applied to relatively shallow slopes (usually about 5 percent). However, sufficient slope is
needed at the site to ensure that water that enters the bioretention area can be connected with the storm drain system.
These storm water management practices are most often applied to parking lots or residential landscaped areas, which
generally have shallow slopes.

Soils/Topography

Bioretention areas can be applied in almost any soils or topography, since runoff percolates through a man-made soil bed
and is returned to the storm water system.

Ground Water

Bioretention should be separated somewhat from the ground water to ensure that the ground water table never intersects
with the bed of the bioretention facility. This design consideration prevents possible ground water contamination.

Design Considerations
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Specific designs may vary considerably, depending on site constraints or preferences of the designer or community.
There are some features, however, that should be incorporated into most bioretention area designs. These design
features can be divided into five basic categories: pretreatment, treatment, conveyance, maintenance reduction, and
landscaping.

Pretreatment

Pretreatment refers to features of a management practice that cause coarse sediment particles and their associated
pollutants to settle. Incorporating pretreatment helps to reduce the maintenance burden of bioretention and reduces the
likelihood that the soil bed will clog over time. Several different mechanisms can be used to provide pretreatment in
bioretention facilities. Often, runoff is directed to a grass channel or filter strip to filter out coarse materials before the
runoff flows into the filter bed of the bioretention area. Other features may include a pea gravel diaphragm, which acts to
spread flow evenly and drop out larger particles.

Treatment

Treatment design features help enhance the ability of a storm water management practice to remove pollutants. Several
basic features should be incorporated into bioretention designs to enhance their pollutant removal. The bioretention
system should be sized between 5 and 10 percent of the impervious area draining to it. The practice should be designed
with a soil bed that is a sand/soil matrix, with a mulch layer above the soil bed. The bioretention area should be designed
to pond a small amount of water (6—9 inches) above the filter bed.

Conveyance

Conveyance of storm water runoff into and through a storm water practice is a critical component of any storm water
management practice. Storm water should be conveyed to and from practices safely and to minimize erosion potential.
Ideally, some storm water treatment can be achieved during conveyance to and from the practice.

Bioretention practices are designed with an underdrain system to collect filtered runoff at the bottom of the filter bed and
direct it to the storm drain system. An underdrain is a perforated pipe system in a gravel bed, installed on the bottom of
the filter bed. Designers should provide an overflow structure to convey flow from storms that are not treated by the
bioretention facility to the storm drain.

Maintenance Reduction

In addition to regular maintenance activities needed to maintain the function of storm water practices, some design
features can be incorporated to reduce the required maintenance of a practice. Designers should ensure that the
bioretention area is easily accessible for maintenance.

Landscaping

Landscaping is critical to the function and aesthetic value of bioretention areas. It is preferable to plant the area with
native vegetation, or plants that provide habitat value, where possible. Another important design feature is to select
species that can withstand the hydrologic regime they will experience. At the bottom of the bioretention facility, plants that
tolerate both wet and dry conditions are preferable. At the edges, which will remain primarily dry, upland species will be
the most resilient. Finally, it is best to select a combination of trees, shrubs, and herbaceous materials.

Design Variations
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One design alternative to the traditional bioretention practice is the use of a "partial exfiltration" system, used to promote
ground water recharge. Other design modifications may make this practice more effective in arid or cold climates.

Partial Exfiltration

In one design variation of the bioretention system, the underdrain is only installed on part of the bottom of the bioretention
system. This design alternative allows for some infiltration, with the underdrain acting as more of an overflow. This
system can be applied only when the soils and other characteristics are appropriate for infiltration (see Infiltration Trench
and Infiltration Basin).

Arid Climates
In arid climates, bioretention areas should be landscaped with drought-tolerant species.
Cold Climates

In cold climates, bioretention areas can be used as snow storage areas. If used for this purpose, or if used to treat runoff
from a parking lot where salt is used as a deicer, the bioretention area should be planted with salt-tolerant, nonwoody
plant species.

MAINTENANCE
Bioretention requires frequent landscaping maintenance, including measures to ensure that the area is functioning
properly, as well as maintenance of the landscaping on the practice. In many cases, bioretention areas initially require

intense maintenance, but less maintenance is needed over time. In many cases, maintenance tasks can be completed by
a landscaping contractor, who may already be hired at the site.
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Table 1. Typical maintenance activities for bioretention areas (Source: ETA and Biohabitats, 1993)

Activity Schedule

e Remulch void areas As needed
e Treat diseased trees and shrubs
e Mow turf areas

e Water plants daily for 2 weeks At project
completion
e Inspect soil and repair eroded areas Monthly

e Remove litter and debris

e Remove and replace dead and diseased Twice per year
vegetation
Add mulch Once per year

Replace tree stakes and wires

EFFECTIVENESS

Structural storm water management practices can be used to achieve four broad resource protection goals. These
include flood control, channel protection, ground water recharge, and pollutant removal. In general, bioretention areas
can provide only pollutant removal.

Flood Control

Bioretention areas are not designed to provide flood control. These larger flows must be diverted to a detention pond that
can provide flood peak reduction.
Channel Protection

Bioretention areas are generally not designed to provide channel protection because at the scale at which they are
typically installed they are not able to infiltrate large volumes. (They are typically designed to treat and infiltrate the first
inch of runoff and are bypassed by larger flows that can erode channels.) Channel protection must be provided by other
means, such as ponds or other volume control practices.

Ground Water Recharge

Bioretention areas do not usually recharge the ground water, except in the case of the partial exfiltration design (see
Design Variations).

Pollutant Removal
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Little pollutant removal data have been collected on the pollutant removal effectiveness of bioretention areas. A field and
laboratory analysis of bioretention facilities conducted by Davis et al. (1997), showed very high removal rates (roughly

95 percent for copper, 98 percent for phosphorus, 20 percent for nitrate, and 50 percent for total Kjeldhal nitrogen (TKN).
Table 2 shows data from two other studies of field bioretention sites in Maryland.

Table 2. Pollutant removal effectiveness of two bioretention areas in Maryland (USEPA, 2000).

Pollutant Pollutant Removal
Copper 43%-97%

Lead 70%-95%

Zinc 64%—-95%
Phosphorus 65%—-87%

TKN 52-67%

NH," 92%

NO;3 15%-16%

Total nitrogen (TN) 49%

Calcium 27%

Assuming that bioretention systems behave similarly to swales, their removal rates are relatively high. The negative
removal rate for bacteria may reflect sampling errors, such as failure to account for bacterial sources in the practice.
Alternatively, these data may be the result of bacteria reproduction in the moist soils of swale systems.

There is considerable variability in the effectiveness of bioretention areas, and it is believed that properly designing and
maintaining these areas may help to improve their performance. The siting and design criteria presented in this sheet
reflect the best current information and experience to improve the performance of bioretention areas. A recent joint
project of the American Society of Civil Engineers (ASCE) and the EPA Office of Water may help to isolate specific design
features that can improve performance. The National Stormwater Best Management Practice (BMP) database is a
compilation of storm water practices which includes both design information and performance data for various practices.
As the database expands, inferences about the extent to which specific design criteria influence pollutant removal might
be made. More information on this database is accessible on the BMP database web page at
http://www.bmpdatabase.org.

COST

Bioretention areas are relatively expensive. A recent study (Brown and Schueler, 1997) estimated the cost of a variety of
storm water management practices. The study resulted in the following cost equation for bioretention areas, adjusting for
inflation:

C =7.30 V*%
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where:
C = Construction, design, and permitting cost ($); and
V = Volume of water treated by the facility (ft3).

An important consideration when evaluating the costs of bioretention is that this practice replaces an area that most likely
would have been landscaped. Thus, the true cost of the practice is less than the construction cost reported. Similarly,
maintenance activities conducted on bioretention areas are not very different from maintenance of a landscaped area.
The land consumed by bioretention areas is relatively high compared with other practices (about 5 percent of the drainage
area). Again, this area should not necessarily be considered lost, since the practice may only be slightly larger than a
traditional landscaped area. Finally, bioretention areas can improve upon existing landscaping and can therefore be an
aesthetic benefit.

REFERENCES
This fact sheet is copied from the United States Environmental Protection Agency Post Construction
Stormwater Management in New Development & Redevelopment BMP Fact Sheet for Bioretention

(cfpub.epa.gov/npdes/stormwater/menuofbmps/post_4.cfm).

Brown, W., and T. Schueler. 1997. The Economics of Stormwater BMPs in the Mid-Atlantic Region. Prepared for
Chesapeake Research Consortium. Edgewater, MD. Center for Watershed Protection. Ellicott City, MD.

Davis, A., M. Shokouhian, H. Sharma, and C. Henderson. 1997. Bioretention Monitoring—Preliminary Data Analysis.
Environmental Engineering Program of the University of Maryland, College Park, MD.

Engineering Technologies Associates and Biohabitats. 1993. Design Manual for Use of Bioretention in Stormwater
Management. Prepared for Prince George's County Government, Watershed Protection Branch, Landover, MD.

Schueler, T. 1997. Comparative Pollutant Removal Capability of Urban BMPs: A Reanalysis. Watershed Protection
Techniques 2(4): 515-520.
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DESCRIPTION

Grassed filter strips (vegetated filter strips, filter strips, and grassed filters)
are vegetated surfaces that are designed to treat sheet flow from adjacent
surfaces. Filter strips function by slowing runoff velocities and filtering out
sediment and other pollutants, and by providing some infiltration into
underlying soils. Filter strips were originally used as an agricultural
treatment practice, and have more recently evolved into an urban practice.
With proper design and maintenance, filter strips can provide relatively high
pollutant removal. One challenge associated with filter strips, however, is
that it is difficult to maintain sheet flow, so the practice may be "short
circuited" by concentrated flows, receiving little or no treatment.

APPLICABILITY

Water Quantity Benefits
(low, medium, high)

Rate Reduction Low

Volume Reduction Low

Water Quality Benefits
(% Reduction)

Total Suspended Solids (TSS) 27-70
Total Phosphorus (P) 20-40
Total Nitrogen (N) 20-40
Metals NA
Oil and Grease NA
Bacteria NA

Other Considerations
(low, medium, high or other)

Area Typically Served (acres) <5

% of Area Needed for BMP 25
Capital Costs Low
0O& M Costs Low
Maintenance Medium
Training Low
Effective Life (years) 20-50

Filter strips are applicable in most regions, but are restricted in some situations because they consume a large amount of
space relative to other practices. Filter strips are best suited to treating runoff from roads and highways, roof downspouts,
very small parking lots, and pervious surfaces. They are also ideal components of the "outer zone" of a stream buffer
(see Buffer Zones fact sheet), or as pretreatment to a structural practice. This recommendation is consistent with
recommendations in the agricultural setting that filter strips are most effective when combined with another practice
(Magette et al., 1989). In fact, the most recent storm water manual for Maryland does not consider the filter strip as a
treatment practice, but does offer storm water volume reductions in exchange for using filter strips to treat some of a site.

Regional Applicability

Filter strips can be applied in most regions of the country. In arid areas, however, the cost of irrigating the grass on the

practice will most likely outweigh its water quality benefits.
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Ultra-Urban Areas

Ultra-urban areas are densely developed urban areas in which little pervious surface exists. Filter strips are impractical in
ultra-urban areas because they consume a large amount of space.

Storm Water Hot Spots

Storm water hot spots are areas where land use or activities generate highly contaminated runoff, with concentrations of
pollutants in excess of those typically found in storm water. A typical example is a gas station. Filter strips should not
receive hot spot runoff, because the practice encourages infiltration. In addition, it is questionable whether this practice
can reliably remove pollutants, so it should definitely not be used as the sole treatment of hot spot runoff.

Storm Water Retrofit

A storm water retrofit is a storm water management practice (usually structural), put into place after development has
occurred, to improve water quality, protect downstream channels, reduce flooding, or meet other specific objectives. Filter
strips are generally a poor retrofit option because they consume a relatively large amount of space and cannot treat large
drainage areas.

Cold Water (Trout) Streams

Some cold water species, such as trout, are sensitive to changes in temperature. While some treatment practices, such
as wet ponds (see Wet Retention Pond fact sheet), can warm storm water substantially, filter strips do not warm pond
water on the surface for long periods of time and are not expected to increase storm water temperatures. Thus, these
practices are good for protection of cold-water streams.

ADVANTAGES/LIMITATIONS

Filter strips have several limitations related to their performance and space consumption:

e The practice has not been shown to achieve high pollutant removal.

o Filter strips require a large amount of space, typically equal to the impervious area they treat, making them often
infeasible in urban environments where land prices are high.

o If improperly designed, filter strips can become a mosquito breeding ground.

e Proper design requires a great deal of finesse, and slight problems in the design, such as improper grading, can
render the practice ineffective in terms of pollutant removal.

DESIGN AND SITING
Siting Considerations

In addition to the restrictions and modifications to adapting filter strips to different regions and land uses, designers need
to ensure that this management practice is feasible at the site in question. The following section provides basic guidelines
for siting filter strips.
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Drainage Area

Typically, filter strips are used to treat very small drainage areas. The limiting design factor, however, is not the drainage
area the practice treats but the length of flow leading to it. As storm water runoff flows over the ground's surface, it
changes from sheet flow to concentrated flow. Rather than moving uniformly over the surface, the concentrated flow
forms rivulets which are slightly deeper and cover less area than the sheet flow. When flow concentrates, it moves too
rapidly to be effectively treated by a grassed filter strip. As a rule, flow concentrates within a maximum of 75 feet for
impervious surfaces, and 150 feet for pervious surfaces (CWP, 1996). Using this rule, a filter strip can treat one acre of
impervious surface per 580-foot length.

Slope

Filter strips should be designed on slopes between 2 and 6 percent. Greater slopes than this would encourage the
formation of concentrated flow. Except in the case of very sandy or gravelly soil, runoff would pond on the surface on
slopes flatter than 2 percent, creating potential mosquito breeding habitat.

Soils /Topography

Filter strips should not be used on soils with a high clay content, because they require some infiltration for proper
treatment. Very poor soils that cannot sustain a grass cover crop are also a limiting factor.

Ground Water

Filter strips should be separated from the ground water by between 2 and 4 ft to prevent contamination and to ensure that
the filter strip does not remain wet between storms.

Design Considerations

Filter strips appear to be a minimal design practice because they are basically no more than a grassed slope. However,
some design features are critical to ensure that the filter strip provides some minimum amount of water quality treatment.

e A pea gravel diaphragm should be used at the top of the slope. The pea gravel diaphragm (a small trench
running along the top of the filter strip) serves two purposes. First, it acts as a pretreatment device, settling out
sediment particles before they reach the practice. Second, it acts as a level spreader, maintaining sheet flow as
runoff flows over the filter strip.

e The filter strip should be designed with a pervious berm of sand and gravel at the toe of the slope. This feature
provides an area for shallow ponding at the bottom of the filter strip. Runoff ponds behind the berm and gradually
flows through outlet pipes in the berm. The volume ponded behind the berm should be equal to the water quality
volume. The water quality volume is the amount of runoff that will be treated for pollutant removal in the practice.
Typical water quality volumes are the runoff from a 1-inch storm or %2-inch of runoff over the entire drainage area
to the practice.

e The filter strip should be at least 25 feet long to provide water quality treatment.

e Designers should choose a grass that can withstand relatively high velocity flows and both wet and dry periods.

e Both the top and toe of the slope should be as flat as possible to encourage sheet flow and prevent erosion.
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Regional Variations

In cold climates, filter strips provide a convenient area for snow storage and treatment. If used for this purpose,
vegetation in the filter strip should be salt-tolerant, (e.g., creeping bentgrass), and a maintenance schedule should include
the removal of sand built up at the bottom of the slope. In arid or semi-arid climates, designers should specify drought-
tolerant grasses (e.g., buffalo grass) to minimize irrigation requirements.

MAINTENANCE

Filter strips require similar maintenance to other vegetative practices (see Grassed Swales fact sheet). These
maintenance needs are outlined below. Maintenance is very important for filter strips, particularly in terms of ensuring that
flow does not short circuit the practice.

Table 1. Typical maintenance activities for grassed filter strips (Source: CWP, 1996)

Activity Schedule

e Inspect pea gravel diaphragm for clogging
and remove built-up sediment.

e Inspect vegetation for rills and gullies and Annual inspection
correct. Seed or sod bare areas. (semi-annual the first
e Inspect to ensure that grass has year)

established. If not, replace with an
alternative species.

e Mow grass to maintain a 3—4 inch height Regular (frequent)
e Remove sediment build-up within the bottom
when it has accumulated to 25% of the Regular (infrequent)

original capacity.

EFFECTIVENESS

Structural storm water management practices can be used to achieve four broad resource protection goals. These
include flood control, channel protection, ground water recharge, and pollutant removal. The first two goals, flood control
and channel protection, require that a storm water practice be able to reduce the peak flows of relatively large storm
events (at least 1- to 2-year storms for channel protection and at least 10- to 50-year storms for flood control). Filter strips
do not have the capacity to detain these events, but can be designed with a bypass system that routes these flows around
the practice entirely.

Filter strips can provide a small amount of ground water recharge as runoff flows over the vegetated surface and ponds at
the toe of the slope. In addition, it is believed that filter strips can provide modest pollutant removal. Studies from
agricultural settings suggest that a 15-foot-wide grass buffer can achieve a 50 percent removal rate of nitrogen,
phosphorus, and sediment, and that a 100-foot buffer can reach closer to 70 percent removal of these constituents
(Desbonette et al., 1994). Itis unclear how these results can be translated to the urban environment, however. The
characteristics of the incoming flows are radically different both in terms of pollutant concentration and the peak flows
associated with similar storm events. To date, only one study (Yu et al., 1992) has investigated the effectiveness of a
grassed filter strip to treat runoff from a large parking lot. The study found that the pollutant removal varied depending on
the length of flow in the filter strip. The narrower (75-foot) filter strip had moderate removal for some pollutants and
actually appeared to export lead, phosphorus, and nutrients (See Table 2).
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Table 2. Pollutant removal of an urban vegetated filter strip (Source: Yu et al., 1993)

Pollutant Removal (%)

75-Ft Filter Strip 150-Ft Filter Strip
Total suspended solids 54 84
Nitrate+nitrite 27 20
Total phosphorus 25 40
Extractable lead 16 50
Extractable zinc 47 55

COST

Little data are available on the actual construction costs of filter strips. One rough estimate can be the cost of seed or
sod, which is approximately 30¢ per ft* for seed or 70¢ per ft* for sod. This amounts to between $13,000 and $30,000 per
acre for a filter strip, or the same amount per impervious acre treated. This cost is relatively high compared with other
treatment practices. However, the grassed area used as a filter strip may have been seeded or sodded even if it were not
used for treatment. In these cases, the only additional costs are the design, which is minimal, and the installation of a
berm and gravel diaphragm. Typical maintenance costs are about $350/acre/year (adapted from SWRPC, 1991). This
cost is relatively inexpensive and, again, might overlap with regular landscape maintenance costs.

The true cost of filter strips is the land they consume, which is higher than for any other treatment practice. In some
situations this land is available as wasted space beyond back yards or adjacent to roadsides, but this practice is cost-
prohibitive when land prices are high and land could be used for other purposes.

REFERENCES
The majority of this fact sheet is copied from the United States Environmental Protection Agency Post
Construction Stormwater Management in New Development & Redevelopment BMP Fact Sheet for

Vegetated Filter Strips (cfpub.epa.gov/npdes/stormwater/menuofbmps/post_11.cfm).

Design Reference

Center for Watershed Protection (CWP). 1996. Design of Stormwater Filtering Systems. Prepared for Chesapeake
Research Consortium, Solomons, MD, and EPA Region V, Chicago, IL.

Other References

Desbonette, A., P. Pogue, V. Lee, and N. Wolff. 1994. Vegetated Buffers in the Coastal Zone: A Summary Review and
Bibliography. Coastal Resources Center. University of Rhode Island, Kingston, RI.

Magette, W., R. Brinsfield, R. Palmer and J. Wood. 1989. Nutrient and Sediment Removal by Vegetated Filter Strips.
Transactions of the American Society of Agricultural Engineers 32(2): 663-667.

Southeastern Wisconsin Regional Planning Commission (SWRPC). 1991. Costs of Urban Nonpoint Source Water
Pollution Control Measures. Technical report no. 31. Southeastern Wisconsin Regional Planning Commission, Waukesha,
WI.
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Yu, S., S. Barnes and V. Gerde. 1993. Testing of Best Management Practices for Controlling Highway Runoff. FHWA/VA
93-R16. Virginia Transportation Research Council, Charlottesville, VA.
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Water Quantity Benefits
(low, medium, high)

Rate Reduction Low

Volume Reduction Low

Water Quality Benefits
(% Reduction)

Total Suspended Solids (TSS) 30-90
Total Phosphorus (P) 20-85
Total Nitrogen (N) 0-50
Metals 0-90
Oil and Grease 75
Bacteria NA

Other Considerations
(low, medium, high or other)

DESCRIPTION Area Typically Served (acres) 2-4

% of Area Needed for BMP 10-20
The term swale (a.k.a. grassed channel, dry swale, wet swale, biofilter) Canital Costs Low
refers to a series of vegetated, open channel management practices P
designed specifically to treat and attenuate storm water runoff for a O& M Costs Low
specified water quality volume. As storm water runoff flows through these
channels, it is treated through filtering by the vegetation in the channel,

filtering through a subsoil matrix, and/or infiltration into the underlying soils. Training Low
Variations of the grassed swale include the grassed channel, dry swale,
and wet swale. The specific design features and methods of treatment

Maintenance Medium

Effective Life (years) 5-20

differ in each of these designs, but all are improvements on the traditional
drainage ditch. These designs incorporate modified geometry and other features for use of the swale as a treatment and
conveyance practice.

APPLICABILITY

Grassed swales can be applied in most situations with some restrictions. Swales are very well suited for treating highway
or residential road runoff because they are linear practices.

Regional Applicability

Grassed swales can be applied in most regions of the country. In arid and semi-arid climates, however, the value of these
practices needs to be weighed against the water needed to irrigate them.

Ultra-Urban Areas

Ultra-urban areas are densely developed urban areas in which little pervious surface exists. Grassed swales are
generally not well suited to ultra-urban areas because they require a relatively large area of pervious surfaces.
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Storm Water Hot Spots

Storm water hot spots are areas where land use or activities generate highly contaminated runoff, with concentrations of
pollutants in excess of those typically found in storm water. A typical example is a gas station or convenience store. With
the exception of the dry swale design (see Design Variations), hot spot runoff should not be directed toward grassed
channels. These practices either infiltrate storm water or intersect the ground water, making use of the practices for hot
spot runoff a threat to ground water quality.

Storm Water Retrofit

A storm water retrofit is a storm water management practice (usually structural) put into place after development has
occurred, to improve water quality, protect downstream channels, reduce flooding, or meet other specific objectives. One
retrofit opportunity using grassed swales modifies existing drainage ditches. Ditches have traditionally been designed
only to convey storm water away from roads. In some cases, it may be possible to incorporate features to enhance
pollutant removal or infiltration such as check dams (i.e., small dams along the ditch that trap sediment, slow runoff, and
reduce the longitudinal slope). Since grassed swales cannot treat a large area, using this practice to retrofit an entire
watershed would be expensive because of the number of practices needed to manage runoff from a significant amount of
the watershed's land area.

Cold Water (Trout) Streams

Grassed channels are a good treatment option within watersheds that drain to cold water streams. These practices do
not pond water for a long period of time and often induce infiltration. As a result, standing water will not typically be
subjected to warming by the sun in these practices.

ADVANTAGES/LIMITATIONS

Grassed swales have some limitations, including the following:

e Grassed swales cannot treat a very large drainage area.
e Wet swales may become a nuisance due to mosquito breeding.

e If designed improperly (e.g., if proper slope is not achieved), grassed channels will have very little pollutant
removal.

e Athick vegetative cover is needed for these practices to function properly.

DESIGN AND SITING

In addition to the broad applicability concerns described above, designers need to consider conditions at the site level. In
addition, they need to incorporate design features to improve the longevity and performance of the practice, while
minimizing the maintenance burden.

Siting Considerations

In addition to considering the restrictions and adaptations of grassed swales to different regions and land uses, designers
need to ensure that this management practice is feasible at the site in question because some site conditions (i.e., steep
slopes, highly impermeable soils) might restrict the effectiveness of grassed channels.
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Drainage Area
Grassed swales should generally treat small drainage areas of less than 5 acres. If the practices are used to treat larger

areas, the flows and volumes through the swale become too large to design the practice to treat storm water runoff
through infiltration and filtering.

Slope

Grassed swales should be used on sites with relatively flat slopes of less than 4 percent slope; 1 to 2 percent slope is
recommended. Runoff velocities within the channel become too high on steeper slopes. This can cause erosion and
does not allow for infiltration or filtering in the swale.

Soils / Topography

Grassed swales can be used on most soils, with some restrictions on the most impermeable soils. In the dry swale (see
Design Variations) a fabricated soil bed replaces on-site soils in order to ensure that runoff is filtered as it travels through
the soils of the swale.

Ground Water

The depth to ground water depends on the type of swale used. In the dry swale and grassed channel options, designers
should separate the bottom of the swale from the ground water by at least 2 ft to prevent a moist swale bottom, or
contamination of the ground water. In the wet swale option, treatment is enhanced by a wet pool in the practice, which is
maintained by intersecting the ground water.

Design Considerations

Although there are different design variations of the grassed swale (see Design Variations), there are some design
considerations common to all three. One overriding similarity is the cross-sectional geometry of all three options. Swales
should generally have a trapezoidal or parabolic cross section with relatively flat side slopes (flatter than 3:1). Designing
the channel with flat side slopes maximizes the wetted perimeter. The wetted perimeter is the length along the edge of
the swale cross section where runoff flowing through the swale is in contact with the vegetated sides and bottom of the
swale. Increasing the wetted perimeter slows runoff velocities and provides more contact with vegetation to encourage
filtering and infiltration. Another advantage to flat side slopes is that runoff entering the grassed swale from the side
receives some pretreatment along the side slope. The flat bottom of all three should be between 2-8 ft wide. The
minimum width ensures a minimum filtering surface for water quality treatment, and the maximum width prevents braiding,
the formation of small channels within the swale bottom.

Another similarity among all three designs is the type of pretreatment needed. In all three design options, a small forebay
should be used at the front of the swale to trap incoming sediments. A pea gravel diaphragm, a small trench filled with
river run gravel, should be used as pretreatment for runoff entering the sides of the swale.

Two other features designed to enhance the treatment ability of grassed swales are a flat longitudinal slope (generally
between 1 percent and 2 percent) and a dense vegetative cover in the channel. The flat slope helps to reduce the
velocity of flow in the channel. The dense vegetation also helps reduce velocities, protect the channel from erosion, and
act as a filter to treat storm water runoff. During construction, it is important to stabilize the channel before the turf has
been established, either with a temporary grass cover or with the use of natural or synthetic erosion control products.
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In addition to treating runoff for water quality, grassed swales need to convey larger storms safely. Typical designs allow
the runoff from the 2-year storm (i.e., the storm that occurs, on average, once every two years) to flow through the swale
without causing erosion. Swales should also have the capacity to pass larger storms (typically a 10-year storm) safely.

Design Variations

The following discussion identifies three different variations of open channel practices, including the grassed channel, the
dry swale, and the wet swale.

Grassed Channel

Of the three grassed swale designs, grassed channels are the most similar to a conventional drainage ditch, with the
major differences being flatter side slopes and longitudinal slopes, and a slower design velocity for water quality treatment
of small storm events. Of all of the grassed swale options, grassed channels are the least expensive but also provide the
least reliable pollutant removal. The best application of a grassed channel is as pretreatment to other structural storm
water practices.

One major difference between the grassed channel and most of the other structural practices is the method used to size
the practice. Most storm water management water quality practices are sized by volume. This method sets the volume
available in the practice equal to the water quality volume, or the volume of water to be treated in the practice. The
grassed channel, on the other hand, is a flow-rate-based design. Based on the peak flow from the water quality storm
(this varies from region to region, but a typical value is the 1-inch storm), the channel should be designed so that runoff
takes, on average, 10 minutes to flow from the top to the bottom of the channel. A procedure for this design can be found
in Design of Storm Water Filtering Systems (CWP, 1996).

Dry Swales

Dry swales are similar in design to bioretention areas (see Bioretention fact sheet). These designs incorporate a
fabricated soil bed into their design. The existing soil is replaced with a sand/soil mix that meets minimum permeability
requirements. An underdrain system is used under the soil bed. This system is a gravel layer that encases a perforated
pipe. Storm water treated in the soil bed flows through the bottom into the underdrain, which conveys this treated storm
water to the storm drain system. Dry swales are a relatively new design, but studies of swales with a native soil similar to
the man-made soil bed of dry swales suggest high pollutant removal.

Wet Swales

Wet swales intersect the ground water and behave almost like a linear wetland cell (see Storm Water Wetland fact sheet).
This design variation incorporates a shallow permanent pool and wetland vegetation to provide storm water treatment.
This design also has potentially high pollutant removal. One disadvantage to the wet swale is that it cannot be used in
residential or commercial settings because the shallow standing water in the swale is often viewed as a potential nuisance
by homeowners and also breeds mosquitoes.

Regional Variations
Cold Climates

In cold or snowy climates, swales may serve a dual purpose by acting as both a snow storage/treatment and a storm
water management practice. This dual purpose is particularly relevant when swales are used to treat road runoff. If used
for this purpose, swales should incorporate salt-tolerant vegetation, such as creeping bentgrass.
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Arid Climates

In arid or semi-arid climates, swales should be designed with drought-tolerant vegetation, such as buffalo grass. As
pointed out in the Applicability section, the value of vegetated practices for water quality needs to be weighed against the
cost of water needed to maintain them in arid and semi-arid regions.

MAINTENANCE

Maintenance of grassed swales mostly involves maintenance of the grass or wetland plant cover. Typical maintenance
activities are included in Table 1.

Table 1. Typical maintenance activities for grassed swales (Source: Adapted from CWP, 1996)

Activity Schedule

e Inspect pea gravel diaphragm for clogging and
correct the problem.

e Inspect grass along side slopes for erosion and
formation of rills or gullies and correct.

e Remove trash and debris accumulated in the
inflow forebay.

e Inspect and correct erosion problems in the
sand/soil bed of dry swales.

e Based on inspection, plant an alternative grass
species if the original grass cover has not been
successfully established.

¢ Replant wetland species (for wet swale) if not
sufficiently established.

Annual
(semi-annual the
first year)

e Rototill or cultivate the surface of the sand/soll
bed of dry swales if the swale does not draw
down within 48 hours.

e Remove sediment build-up within the bottom of
the swale once it has accumulated to 25 percent
of the original design volume.

As needed
(infrequent)

As needed
(frequent
seasonally)

e Mow grass to maintain a height of 3—4 inches

EFFECTIVENESS
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Structural storm water management practices can be used to achieve four broad resource protection goals. These
include flood control, channel protection, ground water recharge, and pollutant removal. Grassed swales can be used to
meet ground water recharge and pollutant removal goals.

Ground Water Recharge

Grassed channels and dry swales can provide some ground water recharge as infiltration is achieved within the practice.
Wet swales, however, generally do not contribute to ground water recharge. Infiltration is impeded by the accumulation of
debris on the bottom of the swale.

Pollutant Removal

Few studies are available regarding the effectiveness of grassed channels. In fact, only 9 studies have been conducted on
all grassed channels designed for water quality (Table 2). The data suggest relatively high removal rates for some
pollutants, but negative removals for some bacteria, and fair performance for phosphorous.

Table 2. Grassed swale pollutant removal efficiency data

Removal Efficiencies (% Removal)

Study TSS TP TN NO3 Metals | Bacteria Type
Goldberg 1993 67.8 45 - 314 42-62 | -100  9rassed
channel
Seattle Metro and Washington grassed
Department of Ecology 1992 60 | 45 i 25 | 2716 | -25 channel
Seattle Metro and Washington i . i grassed
Department of Ecology, 1992 83 29 25 | 46-73 25 channel
Wang et al., 1981 80 - - - 70-80 - dry swale
Dorman et al., 1989 98 18 - 45 | 37-81 - dry swale
Harper, 1988 87 83 84 80 | 88-90 - dry swale
Kercher et al., 1983 99 99 99 99 99 - dry swale
Harper, 1988. 81 17 40 52 | 37-69 - wet swale
Koon, 1995 67 39 - 9 |-35t06 - wet swale
Occoquan Watershed i i i i i i drainage
Monitoring Lab, 1983 100 | -100 | -100 100 channel
Yousef et al., 1985 . |8 13 | 11 1429 . | drainage
channel
Occoquan Watershed drainage
Monitoring Lab, 1983 S0 |91 )-182) - -100 i channel
Yousef et al., 1985 . 195 8 | 2 | 4190 . | drainage
channel
Occoquan Watershed -100 to drainage
Monitoring Lab, 1983 31 | -23 1865 - 33 i channel
Welborn and Veenhuis, 1987 | 0 | -25 | -25 | -25 0 .| drainage
channel
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Yu et al., 1993 68 | 60 | - - 74 ) drainage
channel

Dorman et al., 1989 65 | 41 | - 11 | 1455 | - drainage
channel

i drainage
Pitt and McLean, 1986 0 - 0 - 0 0 e
Oakland, 1983 33 |25 | - _ | 2088 o | drainage
channel

Dorman et al., 1989 85 |12 | - | -100 | 14-88 | - drainage
channel

While it is difficult to distinguish between different designs based on the small amount of available data, grassed channels
generally have poorer removal rates than wet and dry swales, although wet swales appear to export soluble phosphorous
(Harper, 1988; Koon, 1995). It is not clear why swales export bacteria. One explanation is that bacteria thrive in the
warm swale soils. Another is that studies have not accounted for some sources of bacteria, such as local residents
walking dogs within the grassed swale area.

COST

Little data are available to estimate the difference in cost between various swale designs. One study (SWRPC, 1991)
estimated the construction cost of grassed channels at approximately $0.25 per ft%. This price does not include design
costs or contingencies. Brown and Schueler (1997) estimate these costs at approximately 32 percent of construction
costs for most storm water management practices. For swales, however, these costs would probably be significantly
higher since the construction costs are so low compared with other practices. A more realistic estimate would be a total
cost of approximately $0.50 per ft, which compares favorably with other storm water management practices.

REFERENCES

This fact sheet is copied from the United States Environmental Protection Agency Post Construction
Stormwater Management in New Development & Redevelopment BMP Fact Sheet for Vegetated Swales
(cfpub.epa.gov/npdes/stormwater/menuofbmps/post_24.cfm).
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Yu, S., S. Barnes, and V. Gerde. 1993. Testing of Best Management Practices for Controlling Highway Runoff. FHWA/VA-
93-R16. Virginia Transportation Research Council, Charlottesville, VA.

A\UBURN
8




BMP FACTSHEET
LEVEL SPREADER



AUBURN, INDIANA STORM WATER BMP TECHNICAL MANUAL

LEVEL SPREADER

Water Quantity Benefits
(low, medium, high)

Rate Reduction Low

Volume Reduction Low

Water Quality Benefits
(% Reduction)

Total Suspended Solids (TSS) <25%
Total Phosphorus (P) <25%
Total Nitrogen (N) <25%
Metals <25%
Oils and Grease <25%
Bacteria <25%

Other Considerations
(low, medium, high or other)

o RN : o

Source: Illinois Urban Manual Practice Standards Area Typically Served (acres) <2
0,
DESCRIPTION % of Area Needed for BMP Low
Capital Costs Low
Level Spreaders main purpose is to convert concentrated, potentially 0& M Costs Low

erosive flow to sheet flow and release it uniformly over a stabilized area or
filter strip. The resultant sheet flow enhances pollutant filtering and runoff Maintenance Low
infiltration and reduces the potential for erosion. .

Training Low
Level spreaders are structures that are designed to uniformly distribute Effective Life (years) 5-20
concentrated flow over a large area. Level spreaders come in many forms,

depending on the peak rate of inflow, the duration of use, the type of pollutant, and the site conditions.
All designs follow the same principle:

1. Concentrated flow enters the spreader through a pipe, ditch, or swale.

2. The flow is retarded and energy is dissipated.

3. The flow is distributed throughout a long linear shallow trench or behind a low berm.

4. Water then flows over the berm/ditch, theoretically, uniformly along the entire length.

APPLICABILITY

The principal application of a level spreader is to convey runoff from impervious surfaces, such as parking lots or
roadways, uniformly onto vegetated filter strips. Level spreaders can also be applied as outlets for diversion structures.
Level spreaders are appropriate and/or necessary under the following conditions:
1. Where runoff from an impervious surface is uneven and/or runoff is released as concentrated flow, such as
through curb cuts or roof downspouts
2. Atthe ends of diversions
3.  Where the runoff water will not reconcentrate after release from the level spreader until it reaches an outlet
designed for concentrated flow
4. Where sediment-free storm runoff can be released in sheet flow down a stabilized slope without causing erosion
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5. Where the lip of the level spreader can be constructed in undisturbed soil
6. Where there will be no traffic over the spreader.

ADVANTAGES/LIMITATIONS
Level spreaders can enhance the performance of downstream filtering or infiltration BMPs by spreading out the flow.

A level spreader can only handle small flows from ditches or channels. A level spreader with vegetated lip needs to be
protected from traffic (even riding mowers) in order to maintain a smooth level surface for the overflow weir.

DESIGN & SIZING

Level spreaders are part of a treatment system. This level spreader system consists of three main parts: 1. Preliminary
treatment, 2. Principal treatment, and 3. Emergency treatment. Wet ponds, stormwater wetlands, and sand filters each
have the same treatment path as level spreaders.

In determining allowable flows over a level spreader, downstream conditions are considered. In particular, what is the soil
covering: grass, mulch, or something else in between such as a thicket. The length of level spreader is determined by
what is on the downstream side.

Different ground coverings have different allowable velocities, which is the maximum velocity of water before it causes
erosion.

The level spreader length needs to be designed so that velocities are not exceeded. It is important to include in the design
the following fact: water will recollect as it flows down slope. Studies have shown that water that has been distributed
across the grade may recollect in as little as 10-12 feet. Recollection is inevitable. How much recollection is allowable until
flow can no longer be considered sheet flow? It is suggested that once water is using only 33% of available land, sheet
flow becomes concentrated flow. The distance down slope of the level spreader where only 33% of available land is used
can be described as the level spreader’s Effective Distance, or Ed. Flow beyond the level spreader’s effective distance
would be considered to be concentrated, not dispersed.

Level spreaders must be designed, therefore, to ensure non-erosive velocities not only at the time water passes over the
level spreader (when flow is theoretically completely dispersed), but at the time water has reached the effective distance.
The more limiting parameter is the latter. Level spreaders must be designed so that non-erosive velocities are not
exceeded once the flow has traveled the effective distance down slope. Velocities allowed as water flows over the level
spreader must be 33% of the erosive velocity experienced at the effective distance down slope. So, if mulch ground
covering is able to withstand velocities as high as 2 feet per second (fps) the design velocity over the level spreader
needs to be 0.67 fps, or 1/3 of the erosive velocity.

The designer’'s main goal with level spreader design is to ensure an appropriate length of a level spreader — a length that
does not allow for erosive velocities down slope. Basic sizing guidelines for level spreaders depend on the inflow and the
down slope ground cover. For grass, 13’ of level spreader are normally needed for each cfs of flow. For gravel, 9’ of level
spreader are normally needed for each cfs of flow. For thicket (shrubs/grasses), 13’ of level spreader are normally
needed for each cfs of flow. For mulch (trees/shrubs), 100’ of level spreader are normally needed for each cfs of flow.
These guidelines are only applicable up to 10cfs with the exception of the mulch cover in which case 3 cfs is maximum
flow.

MAINTENANCE

Inspect level spreaders after every rainfall until vegetation is established, and promptly make needed repairs. After the
area has been stabilized, make periodic inspections and maintain vegetation in a healthy, vigorous condition.
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Verify that the level spreader is distributing flow evenly. If problems are noted, make appropriate modifications to ensure
even flow distribution.

Maintenance concerns include cleaning debris that may accumulate immediately up slope of the level spreader. This
prevents long-term clogging. Debris accumulation could be significant if the level spreader is constructed down slope of a
construction site. As mentioned in the construction tips section, debris can also gather immediately down slope of the
level spreader causing localized damming, forcing the level spreader to have concentrated flow.

With the exception of the concrete construction, level spreaders must be occasionally checked to make sure they are still
level. Animals, falling limbs, and differential settling can cause the level spreaders to have low areas on the down slope
end, rendering level spreaders no longer level. Livestock should be fenced out. Often simple visual inspection is
adequate. The frequency of inspection is dependant upon site conditions, including local traffic (by people and other
animals) and weather. Perhaps the best time to inspect is immediately after a large precipitation event.

EFFECTIVENESS

Level Spreaders can provide some sediment removal but they are normally used only to distribute flow upgradient of other
BMPs such as vegetative buffer strips. The removal is achieved through the down gradient BMP

COST

Level spreaders are a preferred BMP because they are simple to construct and relatively inexpensive. A two-person crew
can construct a 50 feet long wooden or PVC silt fence level spreader in a few hours. Per foot material and equipment cost
will range from $3-$10 depending upon the type of level spreader, with the exception of concrete trough level spreaders,
which are substantially more expensive.

REFERENCES
California Department of Transportation, Level Spreader Effectiveness Evaluation - CTSW-RT-02-020, May 2002

National Resource Conservation Service, lllinois Urban Manual Practice Standards, Level Spreader (No.) Code 870,
http://www.p2pays.org/ref/02/01524/urbst870.htm

North Carolina State University, Designing Level Spreaders to Treat Stormwater Runoff, June 2001
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DESCRIPTION

A catch basin (a.k.a. storm drain inlet, curb inlet) is an inlet to the storm
drain system that typically includes a grate or curb inlet and a sump to
capture sediment, debris, and associated pollutants. They are also used
in combined sewer overflow (CSO) watersheds to capture floatables and
settle some solids. Catch basins act as pretreatment for other treatment
practices by capturing large sediments. The performance of catch basins
at removing sediment and other pollutants depends on the design of the
catch basin (e.g., the size of the sump) and maintenance procedures to
retain the storage available in the sump to capture sediment.

Water Quantity Benefits
(low, medium, high)

Rate Reduction Low

Volume Reduction Low

Water Quality Benefits
(% Reduction)

Total Suspended Solids (TSS)
Total Phosphorus (P)
. Can vary
Total Nitrogen (N) depending
Metals on model
chosen.
Oil and Grease
Bacteria
Other Considerations
(low, medium, high or other)
Area Typically Served (acres) <1
% of Area Needed for BMP None
Capital Costs Low
O& M Costs Medium
-High
Maintenance High
Training Low
Effective Life (years) 10-20

Catch basin efficiency can be improved using inserts, which can be designed to remove oil and grease, trash, debris, and
sediment. Some inserts are designed to drop directly into existing catch basins, while others may require extensive

retrofit construction.

APPLICABILITY

Catch basins are used in drainage systems throughout the United States. However, many catch basins are not ideally
designed for sediment and pollutant capture. Ideal application of catch basins is as pretreatment to another storm water
management practice. Retrofitting existing catch basins may help to improve their performance substantially. A simple
retrofit option is to ensure that all catch basins have a hooded outlet to prevent floatable materials, such as trash and
debris, from entering the storm drain system. Catch basin inserts for both new development and retrofits at existing sites

may be preferred when available land is limited, as in urbanized areas.

ADVANTAGES/LIMITATIONS
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Catch basins have three major limitations, including:

e Even ideally designed catch basins cannot remove pollutants as well as structural storm water management
practices, such as wet ponds, sand filters, and storm water wetlands.

e Unless frequently maintained, catch basins can become a source of pollutants through resuspension.

e Catch basins cannot effectively remove soluble pollutants or fine particles.

DESIGN AND SITING

The performance of catch basins is related to the volume in the sump (i.e., the storage in the catch basin below the
outlet). Lager et al. (1997) described an "optimal" catch basin sizing criterion, which relates all catch basin dimensions to
the diameter of the outlet pipe (D):

e The diameter of the catch basin should be equal to 4D.

e The sump depth should be at least 4D. This depth should be increased if cleaning is infrequent or if the area
draining to the catch basin has high sediment loads.

e The top of the outlet pipe should be 1.5 D from the bottom of the inlet to the catch basin.

Catch basins can also be sized to accommodate the volume of sediment that enters the system. Pitt et al. (1997) propose
a sizing criterion based on the concentration of sediment in storm water runoff. The catch basin is sized, with a factor of
safety, to accommodate the annual sediment load in the catch basin sump. This method is preferable where high
sediment loads are anticipated, and where the optimal design described above is suspected to provide little treatment.

The basic design should also incorporate a hooded outlet to prevent floatable materials and trash from entering the storm
drain system. Adding a screen to the top of the catch basin would not likely improve the performance of catch basins for
pollutant removal, but would help capture trash entering the catch basin (Pitt et al., 1997).

Several varieties of catch basin inserts exist for filtering runoff. There are two basic catch basin insert varieties. One
insert option consists of a series of trays, with the top tray serving as an initial sediment trap, and the underlying trays
composed of media filters. Another option uses filter fabric to remove pollutants from storm water runoff. Yet another
option is a plastic box that fits directly into the catch basin. The box construction is the filtering medium. Hydrocarbons
are removed as the storm water passes through the box while trash, rubbish, and sediment remain in the box itself as
storm water exits. These devices have a very small volume, compared to the volume of the catch basin sump, and would
typically require very frequent sediment removal. Bench test studies found that a variety of options showed little removal
of total suspended solids, partially due to scouring from relatively small (6-month) storm events (ICBIC, 1995).

One design adaptation of the standard catch basin is to incorporate infiltration through the catch basin bottom. Two
challenges are associated with this design. The first is potential ground water impacts, and the second is potential
clogging, preventing infiltration. Infiltrating catch basins should not be used in commercial or industrial areas, because of
possible ground water contamination. While it is difficult to prevent clogging at the bottom of the catch basin, it might be
possible to incorporate some pretreatment into the design.

MAINTENANCE

Typical maintenance of catch basins includes trash removal if a screen or other debris capturing device is used, and
removal of sediment using a vactor truck. Operators need to be properly trained in catch basin maintenance.
Maintenance should include keeping a log of the amount of sediment collected and the date of removal. Some cities have
incorporated the use of GIS systems to track sediment collection and to optimize future catch basin cleaning efforts.
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One study (Pitt, 1985) concluded that catch basins can capture sediments up to approximately 60 percent of the sump
volume. When sediment fills greater than 60 percent of their volume, catch basins reach steady state. Storm flows can
then resuspend sediments trapped in the catch basin, and will bypass treatment. Frequent clean-out can retain the
volume in the catch basin sump available for treatment of storm water flows.

At a minimum, catch basins should be cleaned once or twice per year (Aronson et al., 1993). Two studies suggest that
increasing the frequency of maintenance can improve the performance of catch basins, particularly in industrial or
commercial areas. One study of 60 catch basins in Alameda County, California, found that increasing the maintenance
frequency from once per year to twice per year could increase the total sediment removed by catch basins on an annual
basis (Mineart and Singh, 1994). Annual sediment removed per inlet was 54 pounds for annual cleaning, 70 pounds for
semi-annual and quarterly cleaning, and 160 pounds for monthly cleaning. For catch basins draining industrial uses,
monthly cleaning increased total annual sediment collected to six times the amount collected by annual cleaning (180
pounds versus 30 pounds). These results suggest that, at least for industrial uses, more frequent cleaning of catch basins
may improve efficiency. However, the cost of increased operation and maintenance costs needs to be weighed against
the improved pollutant removal.

In some regions, it may be difficult to find environmentally acceptable disposal methods for collected sediments. The
sediments may not always be land-filled, land-applied, or introduced into the sanitary sewer system due to hazardous

waste, pretreatment, or ground water regulations. This is particularly true when catch basins drain runoff from hot spot
areas.

EFFECTIVENESS

What is known about the effectiveness of catch basins is limited to a few studies. Table 1 outlines the results of some of
these studies.

Table 1. Pollutant removal of catch basins (percent).

Study Notes TSS® COD®* BOD®* TN® TP?  Metals
Pitt et al.,
1997 B 32 B T B
Only very small
Aronson et al., storms were 60— | 10— | 54—
1983 monitored in this 97 | 56 K 88 | | B
study.
For
Annual load Copper:
reduction estimated 3-4%
Mineart and |based on (Annual
Singh, 1994  concentrations and B B | 7 | | cleaning)
mass of catch basin 15%
sediment. (Monthly
cleaning)

# TSS=total suspended solids
COD=chemical oxygen demand
BOD=biological oxygen demand
TN=total nitrogen

TP=total phosphorus
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COST

A typical pre-cast catch basin costs between $2,000 and $3,000. The true pollutant removal cost associated with catch
basins, however, is the long-term maintenance cost. A vactor truck, the most common method of catch basin cleaning,
costs between $125,000 and $150,000. This initial cost may be high for smaller Phase Il communities. However, it may
be possible to share a vactor truck with another community. Typical vactor trucks can store between 10 and 15 cubic
yards of material, which is enough storage for three to five catch basins with the "optimal" design and an 18-inch inflow
pipe. Assuming semi-annual cleaning, and that the vactor truck could be filled and material disposed of twice in one day,
one truck would be sufficient to clean between 750 and 1,000 catch basins. Another maintenance cost is the staff time
needed to operate the truck. Depending on the regulations within a community, disposal costs of the sediment captured
in catch basins may be significant.

Retrofit catch basin inserts range from as little as $400 for a "drop-in" type to as much as $10,000 or more for more
elaborate designs.

REFERENCES

This fact sheet is copied from the United States Environmental Protection Agency Post Construction
Stormwater Management in New Development & Redevelopment BMP Fact Sheet for Catch
Basins/Catch Basin Insert (cfpub.epa.gov/npdes/stormwater/menuofbmps/post_7.cfm).

Kristar Stormwater Treatment Practices. Photo of Catch Basin Insert. http://www.kristar.com/specsflogardplus.htmi

Aronson, G., D. Watson, and W. Pisaro. Evaluation of Catch Basin Performance for Urban Stormwater Pollution Control.
U.S. Environmental Protection Agency, Washington, DC.

Interagency Catch Basin Insert Committee (ICBIC). 1995. Evaluation of Commercially-Available Catch Basin Inserts for
the Treatment of Stormwater Runoff from Developed Sites. Seattle, WA.

Lager, J., W. Smith, R. Finn, and E. Finnemore. 1977. Urban Stormwater Management and Technology: Update and
Users' Guide. Prepared for U.S. Environmental Protection Agency. EPA-600/8-77-014. 313 pp.

Mineart, P., and S. Singh. 1994. Storm Inlet Pilot Study. Alameda County Urban Runoff Clean Water Program, Oakland,
CA.

Pitt, R., and P. Bissonnette. 1984. Bellevue Urban Runoff Program Summary Report. U.S. Environmental Protection
Agency, Water Planning Division, Washington, DC.

Pitt, R., M. Lilburn, S. Nix, S.R. Durrans, S. Burian, J. Voorhees, and J. Martinson. 2000. Guidance Manual for Integrated
Wet Weather Flow (WWF) Collection and Treatment Systems for Newly Urbanized Areas (New WWF Systems). U.S.
Environmental Protection Agency, Office of Research and Development, Cincinnati, OH.
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Side View Water Quantity Benefits
Access Reinforced .(Iow, medium, high)
Manholes Concrete Rate Reduction Low

Construction

Stormdrain

inlet Volume Reduction Low

Trash Rack
Protects Two
15 cm Orifices

Inverted Elbow
Pipe Regulates
Water Levels

Water Quality Benefits

Permanent
Pool

:|] overflow (% Reduction)

113 M? Pipe Total Suspended Solids (TSS) 20-40
of Storage Per
Contributi
Contributing '©- Total Phosphorus (P) <10
1.2 M Deep "‘l“' Total Nitrogen (N) <10
Metals <10
First Chamber Second Chamber Third Chamber Qil and Grease 50-80
(Sediment {Qil Separation)
Trapping) 7
Source: FHWA Bacteria NA
DESCRIPTION Other Considerations
(low, medium, high or other)
The typical oil/grit separator (OGS) unit operates by settling Area Typically Served (acres) 1-2
sediment and particulate matter, screening debris, and separating % of Area Needed for BMP <1
free surface oils from stormwater runoff. The unit typically consists of .
Capital Costs Low

three or four chambers. The figure above is a schematic of a typical
water quality oil/grit separator unit. In the case of a conventional O& M Costs High
OGS unit, the first chamber, termed the grit chamber, is designed to

) - ) Maintenance High
settle sediment and large particulate matter; the access from the first o .
chamber to the second chamber is covered with a trash rack, which Training Medium
operates as a screen to prevent debris from passing through to the Effective Life (years) 50-100

second chamber. The second chamber, termed the oil chamber, is

designed to trap and separate free surface oils and grease from the stormwater runoff. The third chamber
houses the stormwater outlet pipe that discharges the overflow to the storm drain system.

Most OGS units are designed to be placed in highly impervious parking areas that drain about 0.4 ha (1 ac).
Results from one OGS study conducted in the State of Maryland showed that the treatment capacity of most
conventional OGS units inventoried was less than 5.1 mm (0.2 in) of runoff for the service area (Schueler and
Shepp, 1993). Because of the limited retention capacity, conventional OGSs are not capable of removing large
guantities of stormwater constituents. Instead, they are designed and implemented to control hydrocarbons,
debris, large organic matter, and coarse sediments that are commonly associated with heavily traveled parking
areas.
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APPLICABILITY

The OGS unit is designed to trap and settle large sediments and particulate matter, debris, and hydrocarbons
from highly impervious areas such as parking lots, gas stations, loading docks, and roadside rest areas. The
OGS unit is constructed beneath the surface of the impervious area, and as such does not require additional
space. Because of this, it can be easily retrofitted into existing impervious land use conditions, which makes it
suitable for ultra-urban environments. Results from an OGS study in the State of Maryland have shown that
detention times for conventional OGS units are generally less than 30 minutes during storm events (Schueler
and Shepp, 1993). Trapped sediments and particles tend to resuspend during subsequent storms and exit the
chambers. Because settling and trapping are temporary, actual pollutant removal occurs only when the units
are cleaned out. Therefore, these devices are best suited for an off-line configuration where only a portion of
the first flush is treated by the unit and clean out occurs after every major storm event. A study produced by the
Metropolitan Washington Council of Governments showed that particulate matter within conventional OGS
units remained the same or decreased over a 20-month period (Shepp et al., 1992).

ADVANTAGES/LIMITATIONS

Advantages of oil/grit separators include:
e They are usually located underground so that they minimize use of valuable space.
e They are compatible with storm sewer systems.
e They can pretreat runoff before it is delivered to other BMPs.
e They are easily accessed for maintenance.
e Good longevity with proper maintenance.

Disadvantages of the structures are:
e They have limited pollutant removal capability.

They require frequent maintenance (i.e. cleanings).

They have high initial installation costs.

Cannot be used for removal of dissolved oils

Does not offer any control over water quantity

DESIGN & SIZING

The OGS unit is a structural BMP that is easily installed in areas of high imperviousness such as parking lots,
gas stations, commercial and industrial sites, and shopping centers, and even along roadways. The OGS unit
would be well suited for ultra-urban environments where available land area is a major constraint. OGS units
typically are sized for highly impervious drainage areas of less than 0.4 ha (1 ac), though up to 0.61 ha (1.5 ac)
is feasible. Locating the units off-line would alleviate some of the problems associated with the retention and
resuspension of pollutants.

The OGS units are designed using a three- or four-chamber configuration. Settling of larger sediments, trash,
and debris takes place in the first chamber. The primary function of the second chamber is to separate oils and
grease from the stormwater runoff; some absorption of oils and grease to smaller sediments, and settling will
also occur in the first chamber. The third chamber houses the overflow pipe. The OGS unit typically is sized
based on the drainage area, which often includes rooftops, and the percent imperviousness of the basin. One
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common practice is to size the unit based on a design storm to provide some amount of storage. In general,
OGS units are rectangular in shape, with the largest chamber being the initial settling chamber. Approximate
dimensions for an OGS unit located in a parking area that drains 0.4 ha (1 ac) would be 1.82 m deep by 1.22
m wide by 4.23 long (6 ft deep by 4 ft wide by 14 ft long) (inside dimensions). The length of the first chamber
would be 1.82 m (6 ft) with 1.22 m (4 ft) for each of the other two chambers.

Specific dimensions for each OGS design are dependent on site characteristics and local design storm
requirements. Improvement in OGS performance can be achieved by extending the interior chamber walls to
the top of the chamber, thereby eliminating recirculation and overflow from one chamber to another. In
addition, placing the OGS off-line from the main stormwater system helps to reduce resuspension of oil and
grit.

Additional design examples and information can be found in Controlling Urban Runoff: A Practical Manual for
Planning and Designing Urban BMPs (Schueler, 1987), and Northern Virginia BMP Handbook: A Guide to
Planning and Designing Best Management Practices in Northern Virginia (NVPDC, 1992). Because studies
have shown that water quality inlets are a marginal method for removing particulate matter (Schueler and
Shepp, 1993), other design references (Claytor and Schueler, 1996) do not recommend them for sand filter
pretreatment.

MAINTENANCE

Very few structural or clogging problems have been reported during the first five years of OGS operation
(Schueler and Shepp, 1993). The OGS unit should be inspected after each major storm event. Clean-out
would require the removal of sediments, trash, and debris. In reality, OGSs are rarely cleaned out after every
storm because such intensive maintenance is beyond most budgets.

The removal of oily debris, sediments, and trash might require disposal as a hazardous waste. However, some
local landfills may accept the sediment and trash if it is properly dewatered.

EFFECTIVENESS

Conventional OGS units have demonstrated poor pollutant removal capabilities. The primary removal
mechanism of the OGS is settling; with short detention times, and resuspension occurring after every storm
event, removal effectiveness is limited to what is physically cleaned out after every storm. If the unit is not
cleaned after each storm, resuspended trace metals, nutrients, organic matter, and sediments will eventually
pass through each chamber and into the storm drain system.

A study performed on OGS units in the State of Maryland showed that negative sediment deposition from
storm to storm indicated that re-suspension and washout were a common problem (Schueler and Shepp,
1993). The only constituent that was trapped with some efficiency in the second chamber was total
hydrocarbons. This was probably due to the inverted siphon, which is designed to retain free surface oils and
grease (Schueler et al., 1992; Schueler and Shepp, 1993).

COST
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OGS units can be either cast-in-place or precast. Precast concrete chambers are usually delivered to the site
partially assembled and tend to cost slightly less than the cast-in-place option. The cost associated with a cast-
in-place concrete OGS unit is a function of several parameters. Excavation, gravel bedding, amount and size
of rebar, amount of concrete and form work, and grate and clean-out access holes all contribute to the total
cost of the OGS unit. In 1992, OGS units were reported to cost between $5,000 and $15,000 fully installed. On
average, costs per inlet ranged from $7,000 to $8,000 (Schueler et al., 1992).

REFERENCES
This fact sheet is copied from the United States Department of Transportation, Federal Highway

Administration, Stormwater Best Management Practices in an Ultra-Urban Setting: Selection and
Monitoring (www.fhwa.dot.gov/environment/ultraurb/index.htm).

Botts, J., L. Allard, and J. Wheeler. 1996. Structural Best Management Practices for Storm Water Pollution
Control at Industrial Facilities. Watershed '96, pp. 216-219.

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

Minnesota Urban Small Sites BMP Manual

NVPDC. 1992. Northern Virginia BMP Handbook: A Guide to Planning and Designing Best Management
Practices in Northern Virginia. Prepared by Northern Virginia Planning District Commission (NVPDC) and
Engineers and Surveyors Institute.

Schueler, T.R. 1987. Controlling Urban Runoff: A Practical Manual for Planning and Designing Urban BMPs.
Metropolitan Washington Council of Governments, Washington, DC.

Schueler, T.R., P.A. Kumble, and M.A. Heraty. 1992. A Current Assessment of Urban Best Management
Practices - Technigues for Reducing Non-Point Source Pollution in the Coastal Zone. Metropolitan Washington
Council of Governments, Department of Environmental Programs, Anacostia Restoration Team, Washington,
DC.

Schueler, T.R., and D. Shepp. 1993. The Quality of Trapped Sediments and Pool Water Within Oil-Grit
Separators in Suburban Maryland. Chapter 6. Interim Report for the Maryland Department of the Environment
Hydrocarbon Study, 81-115.

Shepp, D., D. Cole, and F.J. Galli. 1992. A Field Survey of the Performance of Oil/Grit Separators. Prepared
for the Maryland Department of the Environment by the Metropolitan Washington Council of Governments,
Department of Environmental Programs, Washington, DC.

AABAURN
4



http://www.fhwa.dot.gov/environment/ultraurb/index.htm

BMP FACTSHEET
POROUS PAVEMENT



AUBURN, INDIANA STORM WATER BMP TECHNICAL MANUAL

POROUS PAVEMENT

Water Quantity Benefits
(low, medium, high)
Rate Reduction High
Volume Reduction High
Water Quality Benefits
(% Reduction)

Total Suspended Solids (TSS) 82-95

Total Phosphorus (P) 60-71
Total Nitrogen (N) 80-85
i Metals 33-99
""’f S ¢ Oil and Grease 0
N L N Bacteria 0

Source: Symbiont . .
Other Considerations
(low, medium, high or other)

DESCRIPTION Area Typically Served (acres) 2-4
Porous pavement is a permeable pavement surface with an underlying % of Area Needed for BMP NA
stone reservoir to temporarily store surface runoff before it infiltrates into Capital Costs 150%
the subsoil. This porous surface replaces traditional pavement, allowing normal
parking lot storm water to infiltrate directly and receive water quality pavem.
treatment. There are a few porous pavement options, including porous .
asphalt, pervious concrete, and grass pavers. Porous asphalt and pervious 0& M Costs Medium
concrete appear to be the same as traditional pavement from the surface, . Medium
but are manufactured without "fine" materials, and incorporate void spaces Maintenance
to allow infiltration. Grass pavers are concrete interlocking blocks or Training Low
synthetic fibrous gridded systems with open areas designed to allow grass i ) 15-20
to grow within the void areas. Other alternative paving surfaces can help Effective Life (years)

reduce the runoff from paved areas but do not incorporate the stone trench

for temporary storage below the pavement. While porous pavement has the potential to be a highly effective treatment

practice, maintenance has been a concern in past applications of the practice.

APPLICABILITY

The ideal application for porous pavement is to treat low-traffic or overflow parking areas. Porous pavement may also
have some application on highways, where it is currently used as a surface material to reduce hydroplaning.

Regional Applicability

Porous pavement can be applied in most regions of the country, but the practice has unique challenges in cold climates.
Porous pavement cannot be used where sand is applied to the pavement surface because the sand will clog the surface
of the material. Care also needs to be taken when applying salt to a porous pavement surface as chlorides from road salt
may migrate into the ground water. For block pavers, plowing may be challenging because the edge of the snow plow
blade can catch the edge of the blocks, damaging the surface. This difficulty does not imply that it is impossible to use
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porous pavement in cold climates. Another concern in cold climates is that infiltrating runoff below pavement may cause
frost heave, although design modifications can reduce this risk. Porous pavement has been used successfully in Norway
(Stenmark, 1995), incorporating design features to reduce frost heave. Furthermore, some experience suggests that
snow melts faster on a porous surface because of rapid drainage below the snow surface (Cahill Associates, 1993).

Ultra-Urban Areas

Ultra-urban areas are densely developed urban areas in which little pervious surface exists. Porous pavements are a
good option in these areas because they consume no space. They are not ideal for high-traffic areas, however, because
of the potential for failure due to clogging (Galli, 1992).

Storm Water Hot Spots

Storm water hot spots are areas where land use or activities generate highly contaminated runoff, with concentrations of
pollutants in excess of those typically found in storm water. These areas include commercial nurseries, auto recycle
facilities, commercial parking lots, fueling stations, storage areas, industrial rooftops, marinas, outdoor container storage
of liquids, outdoor loading/unloading facilities, public works storage areas, hazardous materials generators (if containers
are exposed to rainfall), vehicle service and maintenance areas, and vehicle and equipment washing/steam cleaning
facilities. Since porous pavement is an infiltration practice, it should not be applied on storm water hot spots due to the
potential for ground water contamination.

Storm Water Retrofit

A storm water retrofit is a storm water management practice (usually structural) put into place after development has
occurred, to improve water quality, protect downstream channels, reduce flooding, or meet other specific objectives.
Since porous pavement can only be applied to relatively small sites, using porous pavement as a primary tool for
watershed retrofitting would be expensive. The best application of porous pavement for retrofits is on individual sites
where a parking lot is being resurfaced.

Cold Water (Trout) Streams

Porous pavement can help to reduce the increased temperature commonly associated with increased impervious cover.
Storm water ponds on the surface of conventional pavement, and is subsequently heated by the sun and hot pavement
surface. By rapidly infiltrating rainfall, porous pavement reduces the time that storm water is exposed to the sun and heat.

ADVANTAGES/LIMITATIONS

In addition to the relatively strict siting requirements of porous pavement, a major limitation to the practice is the poor
success rate it has experienced in the field. Several studies indicate that, with proper maintenance, porous pavement can
retain its permeability (e.g., Goforth et al., 1983; Gburek and Urban, 1980; Hossain and Scofield, 1991). When porous
pavement has been implemented in communities, however, the failure rate has been as high as 75 percent over 2 years
(Galli, 1992).

DESIGN AND SITING

Siting Considerations
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Porous pavement has the same siting considerations as other infiltration practices (see Infiltration Trench fact sheet). The
site needs to meet the following criteria:

Soils need to have a permeability between 0.5 and 3.0 inches per hour.

The bottom of the stone reservoir should be completely flat so that infiltrated runoff will be able to infiltrate through
the entire surface.

Porous pavement should be sited at least 2 to 5 feet above the seasonally high ground water table, and at least
100 feet away from drinking water wells.

Porous pavement should be sited on low-traffic or overflow parking areas, which are not sanded for snow
removal.

Design Considerations

Some basic features should be incorporated into all porous pavement practices. These design features can be divided
into five basic categories: pretreatment, treatment, conveyance, maintenance reduction, and landscaping.

1.

Pretreatment. In porous pavement designs, the pavement itself acts as pretreatment to the stone reservoir below.
Because the surface serves this purpose, frequent maintenance of the surface is critical to prevent clogging.
Another pretreatment item can be the incorporation of a fine gravel layer above the coarse gravel treatment
reservoir. Both of these pretreatment measures are marginal, which is one reason that these systems have a
high failure rate.

Treatment. The stone reservoir below the pavement surface should be composed of layers of small stone directly
below the pavement surface, and the stone bed below the permeable surface should be sized to attenuate storm
flows for the storm event to be treated. Typically, porous pavement is sized to treat a small event, such as a
water quality storm (i.e., the storm that will be treated for pollutant removal), which can range from 0.5 to 1.5
inches. As in infiltration trenches, water can be stored only in the void spaces of the stone reservoir.

Conveyance. Water is conveyed to the stone reservoir through the surface of the pavement and infiltrates into
the ground through the bottom of this stone reservoir. A geosynthetic liner and sand layer should be placed
below the stone reservoir to prevent preferential flow paths and to maintain a flat bottom. Designs also need
some method to convey larger storms to the storm drain system. One option is to use storm drain inlets set
slightly above the elevation of the pavement. This would allow for some ponding above the surface, but would
bypass flows that are too large to be treated by the system or when the surface clogs.

Maintenance Reduction. One nonstructural component that can help ensure proper maintenance of porous
pavement is the use of a carefully worded maintenance agreement that provides specific guidance, including how
to conduct routine maintenance and how the surface should be repaved. Ideally, signs should be posted on the
site identifying porous pavement areas.

One design option incorporates an "overflow edge," which is a trench surrounding the edge of the pavement. The
trench connects to the stone reservoir below the surface of the pavement. Although this feature does not in itself
reduce maintenance requirements, it acts as a backup in case the surface clogs. If the surface clogs, storm water
will flow over the surface and into the trench, where some infiltration and treatment will occur.

Landscaping. For porous pavement, the most important landscaping feature is a fully stabilized upland drainage.
Reducing sediment loads entering the pavement can help to prevent clogging.

Design Variations
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In one design variation, the stone reservoir below the filter can also treat runoff from other sources such as rooftop runoff.
In this design, pipes are connected to the stone reservoir to direct flow throughout the bottom of the storage reservoir
(Cahill Associates, 1993; Schueler, 1987). If used to treat off-site runoff, porous pavement should incorporate
pretreatment, as with all structural management practices.

Regional Adaptations
In cold climates, the base of the stone reservoir should be below the frost line. This modification will help to reduce the
risk of frost heave.

MAINTENANCE

Porous pavement requires extensive maintenance compared with other practices. In addition to owners not being aware
of porous pavement on a site, not performing these maintenance activities is the chief reason for failure of this practice.
Typical requirements are shown in Table 1.

Table 1: Typical maintenance activities for porous pavement (Source: WMI, 1997)

Activity Schedule

e Avoid sealing or repaving with non-porous
materials. N/A

e Ensure that paving area is clean of debris.
e Ensure that paving dewaters between storms.

e Ensure that the area is clean of sediments. Monthly
e Mow upland and adjacent areas, and seed bare
areas. A.‘S heeded
e Vacuum sweep frequently to keep the surface free (t¥p'iat:%threerto
of sediment. ou es pe
year).
e Inspect the surface for deterioration or spalling. Annual

EFFECTIVENESS

Porous pavement can be used to provide ground water recharge and to reduce pollutants in storm water runoff. Some
data suggest that as much as 70 to 80 percent of annual rainfall will go toward ground water recharge (Gburek and Urban,
1980). These data will vary depending on design characteristics and underlying soils. Two studies have been conducted
on the long-term pollutant removal of porous pavement, both in the Washington, DC, area. They suggest high pollutant
removal, although it is difficult to extrapolate these results to all applications of the practice. The results of the studies are
presented in Table 2.
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Table 2: Effectiveness of porous pavement pollutant removal (Schueler, 1987)

Pollutant Removal (%)

Study TSS | TP | TN COD Metals
Prince William, VA 82 65 80 - -
Rockville, MD 95 65 | 85 82 98-99

COST

Porous asphalt can be more expensive than traditional asphalt. Traditional asphalt is approximately $2.00 per ft* for
3-inches of asphalt on 6-inches of base course (RS Means, 2005). Changing from traditional asphalt to pervious asphalt
may add $1.00 per ft*to construction costs for equal pavement depth depending on design (Symbiont bid tabulations).
Additional costs may include demolition, stone course, and excavation, if applicable. In addition, the cost of regular
vacuum sweeping must be considered.

REFERENCES

This fact sheet is includes material from the United States Environmental Protection Agency Post
Construction Stormwater Management in New Development & Redevelopment BMP Fact Sheet for
Porous Pavement (cfpub.epa.gov/npdes/stormwater/menuofbmps/post_21.cfm).

Cabhill Associates. 1993. Stormwater Management Systems: Porous Pavement with Underground Recharge Beds. Calhill
Associates, West Chester, PA.

Watershed Management Institute (WMI). 1997. Operation, Maintenance, and Management of Stormwater Management
Systems. Prepared for U.S. Environmental Protection Agency, Office of Water, Washington, DC.

Galli, J. 1992. Preliminary Analysis of the Performance and Longevity of Urban BMPs Installed In Prince George's County,
Maryland. Department of Natural Resources, Annapolis, MD.

Gburek, W., and J. Urban, 1980. Storm Water Detention and Groundwater Recharge Using Porous Asphalt—
Experimental Site. In Proceedings: International Symposium on Urban Storm Runoff. University of Kentucky, Lexington,
KY, p. 89-97.

Goforth, G., E. Diniz, and J. Rauhut. 1983. Stormwater Hydrological Characteristics of Porous and Conventional Paving
Systems. U.S. Environmental Protection Agency, Office of Research and Development, Cincinnati, OH.

Hossain, M., and L. Scofield, 1991. Porous Pavement for Control of Highway Runoff. Arizona Department of
Transportation, Phoenix, AZ.

RS Means. 2005. Means Costworks 2006. Version 10.0. RS Means. Kingston, MA.

Schueler, T. 1987. Controlling Urban Runoff: A Practical Manual for Planning and Designing Urban BMPs. Metropolitan
Washington Council of Governments, Washington, DC.

Stenmark, C. 1995. An Alternative Road Construction for Stormwater Management. Water Science and Technology
32(1):79-84.
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Water Quantity Benefits
(low, medium, high)
Rate Reduction Low
Volume Reduction Low
Water Quality Benefits
(% Reduction)
Total Suspended Solids (TSS) 90
Total Phosphorus (P) 100
Total Nitrogen (N) 20
. . - Metals 80
Source: Milwaukee Metropolitan Sewerage District
Qils and Grease NA
DESCRIPTION Bacteria 65
Green roofs reduce water runoff by covering conventional flat or sloped
roofs with a waterproof membrane, soil and vegetation. The types of Other Considerations
vegetation used on green roofs include grasses, mosses, and even shrubs (low, medium, high or other)
and trees. Water that does not evaporate or remain in the soil exits the roof Area Typically Served (acres) Roof
through drains or downspouts. size
% of Area Needed for BMP varies
There are two systems of green roofs, extensive and intensive, composed
of the same system of layers. Extensive systems are lighter, typically have Capital Costs $5-
4 inches or less of growing medium, use drought tolerant vegetation, and 15/SF
can structurally support limited uses (such as maintenance personnel). O& M Costs medium
Intensive systems are heavier, have a greater soil depth, can support a
wider range of plants, and can support increased pedestrian traffic. Maintenance medium
APPLICABILITY Training low
>20
Green roofs may be installed on flat roofs or on roofs with slopes up to 30% |Effective Life (years) years

provided special strapping and erosion control devices are used (Peck and Kuhn, 2003). A green roof may be installed on
a newly constructed building, or an existing building can be retrofit with a green roof. Typically if a green roof is > 17
Ibs/ft2 (wet), a structural engineer should be consulted (Barr Engineering Co., 2003). Lightweight extensive green roofs
can be used in most retrofit projects without costly structural reinforcement.

ADVANTAGES/LIMITATIONS
Advantages

Green roofs reduce or delay storm water runoff

Help improve air quality by reducing CO, levels

Insulate buildings, reducing costs of both heating and cooling

Runoff volume reduction (50 to 60%, Roofscapes, Inc, 2003; Barr Engineering Co., 2003)
Provides flow attenuation

Extends the life of a conventional roof
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Provides increased insulation and energy savings
Reduces air pollution

Provides habitat for wildlife

Increases aesthetic value

Provides sound insulation

Provides water quality treatment

Disadvantages

Cost may be greater than a conventional roof

Feasibility is limited by load-bearing capacity of roof

Must obtain necessary permits and comply with local building codes such as wind, moisture and fire resistance
Requires more maintenance than a conventional roof

Plant survival and waterproofing are potential issues

May require irrigation

DESIGN & SIZING

Structural load capacity, how much weight the roof can hold, is a major factor in determining whether the green roof is
“extensive” or “intensive”. Vegetation selection is based on numerous factors including, growth medium depth,
microclimate, irrigation availability and maintenance. A leak detection system is recommended to quickly detect and
locate leaks. Modular products can increase installation and repair efficiency.

MAINTENANCE

Green roof maintenance may include watering, fertilizing, and weeding, and is typically greatest in the first two years when
plants are becoming established. Maintenance will largely depend on the type of green roof system installed and the type
of vegetation planted.

As needed maintenance can include supplement soil substrate/growth medium and control any existing erosion, remove
obstructions from drainage inlet, repair or replace drain inlet pipe, remove all fallen leaves and debris from surrounding
roof area remove dead vegetation and weeds, replace plants to maintain 90% plant cover, repair or replace parts of
irrigation systems, and test automated systems to ensure proper operation.

EFFECTIVENESS

Green roofs have been shown to be effective at removing some pollutants and reducing peak flows associated with storm
events. As a general rule, developers can assume that extensive green roofs will absorb 50 percent of rainfall (Stephen
Peck, 9/1/2005, personal communication). In a modeling study, Casey Trees and Limno-Tech (2005) assumed that
extensive green roofs absorbed two inches of rainfall and intensive green roofs stored 4 inches of rainfall. Due to
evapotranspiration and plant uptake, this storage is assumed to recharge once every 4 days. A study by Moran (2005)
found that monthly stormwater retention rates varied between 40 percent and 100 percent on two green roofs in the
Neuse River watershed, North Carolina. The study showed a decrease in peak flow runoff and total stormwater runoff,
and a gradual and delayed release of the stormwater that was ultimately discharged. The reduction of peak flow discharge
potentially mitigates stream channel scouring, resulting in improved aquatic habitat and lessening the risk of downstream
property damage and flooding.
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COST

Costs range from $5.60/ft2 for extensive roofs to $15/ft2 for intensive roofs plus cost of any structural reinforcement
(Stephens, et al, 2002 and Norman Ammermann, personal communication). Operation and maintenance costs are $0.09
to $0.23/ft2/yr (Stephens, et al, 2002). Liptan and Strecker (2003) estimate a similar cost of $5/ft2 to $12/ft2 for a new
green roof and $7/ft2 to $20/ft2 for a retrofit. Peck and Kuhn (2003) estimate that the cost of an extensive green roof
ranges from $21.60/ft2 to $42.00/ft2, and the cost of an intensive green roof ranges from $40.30/ft2 to $268.50/ft2. Peck
and Kuhn'’s costs include re-roofing and membrane, green roof curbing, drainage layer, filter cloth, growing medium,
plants, labor, two years of maintenance, and irrigation. Additionally, design costs are typically 5 to 10 % of the total
project cost and administration and site review costs are 2.5 to 5% of the total project cost (Peck and Kuhn, 2003).

REFERENCES

The majority of this fact sheet is copied from the United States Department of Transportation, Federal
Highway Administration, Stormwater Best Management Practices in an Ultra-Urban Setting: Selection
and Monitoring (www.fhwa.dot.gov/environment/ultraurb/index.htm).

Barr Engineering Company. Minnesota Urban Small Sites BMP Manual: Stormwater Best Management Practices for Cold
Climates. Metropolitan Council Environmental Services. St. Paul, Minnesota.
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Source: Wisi

DESCRIPTION

Rain gardens help capture and slow runoff from your property, reducing the
amount of water that gets into the storm and sanitary sewers. Rain gardens
use native landscaping to soak up rainwater coming from your downspout
or drainage system. The middle part of the garden holds several inches of
water, allowing it to slowly infiltrate into the ground instead of being
delivered to the storm drain all at once. Rain gardens work best in areas
with well-drained soils or by creating well-drained soils.

APPLICABILITY

Water Quantity Benefits

(low, medium, high)

Rate Reduction High
Volume Reduction Medium
Water Quality Benefits
(% Reduction)

Total Suspended Solids (TSS) 75
Total Phosphorus (P) 50
Total Nitrogen (N) 50
Metals 75-80
Oils and Grease NA
Bacteria NA
Other Considerations
(low, medium, high or other)

Area Typically Served (acres) <5

% of Area Needed for BMP 25
Capital Costs Medium
0O& M Costs Low
Maintenance Medium
Training Low
Effective Life (years) 5-20

Rain gardens can be applied to both new and existing developments. Due to space requirements, they are most
applicable for residential and light commercial uses. They work best in areas with well-drained soils. Performance can be
enhanced in low permeable soils by providing an underdrain system or soil amendments.

ADVANTAGES/LIMITATIONS

Advantages

e Increased public awareness and involvement in stormwater management

e Rain gardens can reduce runoff volume and peak discharge
e Add aesthetics to neighborhoods

Disadvantages

e Can create flooding and visual nuisance if not properly maintained
e Require strong owner and community buy-in
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DESIGN & SIZING

Items to consider when designing a rain garden include
e The rain garden should be at least 10 feet from the house so infiltrating water doesn’t seep into the foundation.
e Do not place the rain garden directly over a septic system.
e |t may be tempting to put the rain garden in a part of the yard where water already ponds. Don’t! The goal of a
rain garden is to encourage infiltration and your yard’s wet patches show where infiltration is slow.
e Itis better to build the rain garden in full or partial sun, not directly under a big tree.
e Putting the rain garden in a flatter part of the yard will make digging much easier.
e Using the slope of the lawn, select the depth of the rain garden from the following options:
o Ifthe slope is less than 4%, it is easiest to build a 3 to 5-inch deep rain garden.
o If the slope is between 5 and 7%, it is easiest to build one 6 to 7 inches deep.
o If the slope is between 8 and 12%, it is easiest to build one about 8 inches deep.
e The size of the rain garden should equal approximately 25% of the upstream drainage area (can be more of less
depending on soil type).

MAINTENANCE

e Must be properly maintained to ensure proper performance and reduce public nuisance.
e Require regular watering. However, this significantly reduced or eliminated if native plants are used.
e Weed management and aesthetic maintenance are critical for public acceptance

EFFECTIVENESS

The effectiveness of rain gardens is similar to that of bioretention areas as a rain garden is basically a small scale
bioretention area.

COST

The cost to construct a rain garden includes labor for construction and design, plants, and soil mixture. Design and

construction costs can vary widely depending complexity of the project. Cost estimates may range form $5 to $10/square

foot (Partnership for Rain Gardens, personal communication).

REFERENCES

Edgewood College. 2000. Rain gardens for Stormwater Bioretention and Ecological Restoration. From Lake Wingra
Watershed: A New Management Approach. University of Wisconsin-Madison Water Resource Management
Program.

Milwaukee Metropolitan Sewerage District, Memorandum Evaluation of Storm Water Reduction Practices, March 1, 2003

The Port Towns Community Development Corporation, Maryland, Rain garden program,
http://www.porttowns.com/special/rain.html

University of Minnesota Extension Service, http://www.extension.umn.edu/yardandgarden/YGLNews/YGLN-
May0101.html#rain

University of Wisconsin Extension office, http://clean-water.uwex.edu/pubs/home.htm#rain
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Water Quantity Benefits
(low, medium, high)

Rate Reduction (small storms) Medium

Volume Reduction (small storms) High

Water Quality Benefits
(% Reduction)

Total Suspended Solids (TSS) Varies

Total Phosphorus (P) based
on
Total Nitrogen (N) where
Metals stored
_ water is
Oils and Grease released
Bacteria to

Other Considerations
(low, medium, high or other

Area Typically Served (acres) <0.1
% of Area Needed for BMP Low
Capital Costs Low
0O& M Costs Low
, ) Maintenance Low
Source:  lid-stormwater.net Training Low
DESCRIPTION Effective Life (years) 25

A rain barrel/cistern is a rainwater harvesting device that is connected to a down spout tube from a house or building. The
device collects and stores storm water for use in irrigation during droughts or other uses. Rain barrels are generally
plastic 55-gal drums, while cisterns (as pictured below) are much large, often collecting upwards of 1,500 gallons.

APPLICABILITY

Rain barrels are storage devices that collect rainwater from rooftops and are designed to hold between 50-100 gallons of
water. They are typically used in residential applications where the collected rainwater is then used for irrigating
landscaped areas. Several factors must be considered before employing this practice, including: climate considerations,
algae and mosquito control, physical site suitability, and homeowner ability and willingness to operate effectively (Sands
and Chapman, 2003).

Cisterns are roof water collection devices that provide retention storage volume in above-ground or underground storage
tanks. The water collected can be used for lawn and garden watering, household gray water needs or drinking water
supply. Cisterns are generally larger than rain barrels, with some underground cisterns having capacities of 10,000
gallons. Storing rainwater on-site for later re-use also provides an opportunity for water conservation and the possibility of
reducing water utility costs (LID Center, 2003).
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ADVANTAGES/LIMITATIONS

Advantages
Rain Barrels
e Reduces water utility bills
e The practice may not have an impact on CSO’s as a stand alone measure; however, it can reduce volumes and
peak discharge for frequent events and could reduce costs at treatment plants (Sands and Chapman, 2003)
e Promotes water conservation and increases public awareness and involvement in CSO problems
e Can be retrofit into existing communities
e Requires little space
Cisterns
e Cisterns can reduce the volume of water entering public systems through rooftop storage of large amounts of
rainfall
Promotes water conservation and increased public awareness and involvement in CSO problems
Reduces water utility bills
Can be retrofit into existing communities
Requires little space

Disadvantages
Rain Barrels
e Requires strong homeowner buy-in
e Must have on-site infiltration capacity for rain barrel overflow for larger storm events
e Has limited effectiveness during winter
e Can create foundation problems if not maintained properly
e Can create mosquito problems if not properly maintained
Cisterns
e Requires strong landowner buy-in
e Can be relatively expensive compared to rain barrels
o If collected water is used for drinking, expensive filtration and treatment systems may be required

DESIGN & SIZING

Homemade rain barrels are relatively easy to construct. Basic components consist of the following:
e One or more 55-gallon barrels
e A child-resistant top that allows easy access for cleaning. Screens may be used at the inflow points to strain
coarse sediment and reduce the potential for mosquito breeding.
e Connections to the downspout, runoff pipe, and spigot, and hoses to connect barrels in series

Cisterns may also be constructed from raw materials, but prefabricated systems may offer more reliability and greater
ease of integration with the building’s plumbing system. If adequate structural capacity exists, cisterns can be placed on
rooftops and be drained by gravity. Another common installation location is a basement, in which case pumping is
needed. Flow splitters can be used to divert the WQy, to the cistern. An overflow to the sanitary sewer should also be
provided.

If cisterns are used to supplement a building’s potable plumbing system, a parallel plumbing system will need to be
installed. The installation cost depends on the size and purpose of the system and will need to be considered in any cost-
benefit analysis. Safety measures must be taken to ensure that cistern water not be used for potable purposes. Besides a
parallel plumbing system, such measures include warning signs and lockable faucets.

MAINTENANCE
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To avoid nuisance problems, rain barrels require proper maintenance. Mosquito control, ice formation, and overflow
drainage are all critical issues that need to be addressed. Barrels should be emptied in winter to prevent ice formation.

Maintenance requirements for cisterns are relatively low if they are only providing a supplemental supply of irrigation
water. Cisterns designed for drinking water supply have much higher maintenance requirements, such as biannual
testing for water quality and filtering systems. Cisterns, along with all their components and accessories, should undergo
regular inspection at least twice a year. Replacement or repair of the unit as a whole, and any of its constituent parts and
accessories should subsequently be undertaken if needed (LID Center, 2003).

EFFECTIVENESS

Cisterns and Rain Barrels only provide storage for storm water runoff but can in effect provide treatment of storm water
runoff if the water is prevented from reaching the conveyance system. A rain barrel or cistern can provide 100% removal
for pollutants if the water is used on the lot after the rain has stopped. This removal only applies to the volume stored so
any volume that bypassed the rain barrel/cistern would have received no treatment.

COST

e Although costs vary across manufacturers, the average cost of a single rain barrel ranges from about $100 to
$150, with an average of about $120 (LID Center, 2003).

e The cost of cisterns varies greatly depending on size, materials, and location (above or below ground) (LID
Center, 2003). The costs can range from $400 for a 200 gallon above ground cistern to $5,000 for a 6,500-gallon
underground cistern.

e The total cost of underground reservoirs is nearly double that of above-ground reservoirs (Stuart, 2001).

REFERENCES
Milwaukee Metropolitan Sewerage District, Memorandum Evaluation Of Storm Water Reduction Practices, March 1, 2003

Fairfax County, VA (http://www.lowimpactdevelopment.org/fairfax.htm), LID BMP Fact Sheet — Cisterns/Rain Barrel,
February 28, 2005
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Water Quantity Benefits

(low, medium, high)

Rate Reduction Low

Volume Reduction Low

Water Quality Benefits
(% Reduction)

Total Suspended Solids (TSS) 85

Total Phosphorus (P) 74

Total Nitrogen (N) 68

Metals 82

Source: Wisconsin Department of Natural Resources Oils and Grease NA
DESCRIPTION Bacteria NA

Tree box filters are mini bioretention areas installed beneath trees that can

be very effective at controlling runoff, especially when distributed Other Considerations

(low, medium, high or other)

throughout the site. Runoff is directed to the tree box, where it is cleaned

) . . ) ) Area Typically Served (acres) 0.5

by vegetation and soil before entering a catch basin. The runoff collected in
the tree-boxes helps irrigate the trees. % of Area Needed for BMP Low

Capital Costs Low
APPLICABILITY P

0O& M Costs Low
Tree box filters can rec_eive runoff from both streets and parking Iots., as Maintenance Low
long as a downstream inlet or outfall is present. All land uses are suitable.

Training Low
ADVANTAGES/LIMITATIONS Effective Life (years) 25

Tree box filters can reduce the runoff volume and peak discharge rate for small, frequently occurring storms by capturing
the water quality volume (WQV). They are not intended to capture volumes larger than the WQV, or to detain the WQV for
extended periods of time, however. Volumes larger than the WQV can be detained in a subsurface storage system (e.g.
gravel bed) downstream.

DESIGN & SIZING

To treat 90% of the annual runoff volume, tree box filter surface area should be approximately 0.33% of the drainage
area. Tree boxes must be regularly spaced along the length of a corridor as appropriate to meet the annual treatment
target. A standard curb inlet must be located downstream of the tree fox filter to intercept bypass flow. Tree box filters are
off-line devices and should never be placed in a sump position (i.e. low point). Instead, runoff should flow across the inlet
(e.g. left to right). Also, tree box filters are intended for intermittent flows and must not be used as larger event detention
devices.

Tree box filters consist of a precast concrete container, a mulch layer, bioretention media mix, observation and cleanout
pipes, underdrain pipes, one street tree or large shrub, and a grate landscape cover. Pretreatment under normal
conditions is not necessary.
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MAINTENANCE

Maintenance consists of annual routine inspection and the regular removal of trash and debris. The mulch will need to be
replenished one (1) to two (2) times per year. The cleanout pipe can be used to flush the system if the underdrain
becomes clogged. During extreme droughts, the trees or shrubs may need to be watered in the same manner as any
other landscaping. The plants may need to be replaced every few years.

To ensure proper performance, visually inspect that storm water is infiltrating properly into the tree box filter. Excessive
volumes of stormwater bypassing the tree box filter to the standard inlet may indicate operational problems. Corrective
measures to restore performance include inspection for accumulated sediments and debris and removal, if necessary. In
instances where the condition of the soil media has degraded significantly, the media and vegetation should be removed
and replaced. Inspection and maintenance should occur on an annual or semi-annual basis. Maintenance activities
include:

Excavate, clean and or replace filter media (sand, gravel, topsoil) to insure adequate infiltration rate.

Plug holes in planter that are not consistent with the original design.

Allow water to flow directly through the planter to the ground.

Remove litter and debris, including fallen leaves from deciduous plants and accumulated sediments from the
planter.

e Repair all cracks and structural deficiencies in planter.

e Add mulch to planter soil.

e Replant, and prune or remove plants that interfere with planter operation.

EFFECTIVENESS

Tree box filters remove pollutants through the same physical, chemical, and biological mechanisms as bioretention cells.
To achieve expected removal efficiencies, the filter surface area should be at least 0.33% of the drainage area. In other
words the drainage area to a 6’ x 6’ tree box (standard size) must be 0.25 acres or less.

COST

A standard 6’ x 6’ tree box filter costs approximately $8,000. This estimate includes two years of operating maintenance
and filter material and plants. Installation costs are approximately $1500 per unit. Annual maintenance is $500 per unit
when performed by the manufacturer and $100 per unit when performed by the owner.

REFERENCES

Fairfax County, VA (http://www.lowimpactdevelopment.org/fairfax.htm), LID BMP Fact Sheet — Tree Box Filters, February
28, 2005

Stormwater Management Manual, Chapter 6, O & M Requirements, City of Portland, 2002.
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