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Executive Summary
Lake Maumelle is owned and operated by Central Arkansas Water as
one of two principle water supplies for 15 cities and communities in
the region. In May 2007 the Lake Maumelle Watershed Management
Plan was published. The watershed management plan identified
specific goals and objectives with the overarching goal being to
maintain a high-quality drinking water supply and provide equitable
sharing of costs and benefits for protecting the lake.
The watershed management plan placed emphasis on controlling
sediment, phosphorus, and total organic carbon (TOC) loading from
new development in the watershed, and recommended that ordinances
be adopted to carry out the recommendations.
Almost 50 percent of the Lake Maumelle watershed, and the entire
lake itself, lies within Pulaski County (see Figure 1). On April 30,
2009 Pulaski County’s Subdivision and Development Code was
modified to add Chapter 8 (Additional Requirements for Land Development Located in the Watershed of
a Public Water Supply). Chapter 8 applies to the Lake Maumelle portion of Pulaski County and specifies
surface runoff loading rates from new developments. This Drainage Manual and an accompanying tool,
the Site Evaluation Tool (SET), are intended to help engineers and developers design projects to minimize
water quality impacts to Lake Maumelle and meet the loading rates specified in the ordinance.
This Manual is divided into four parts:
Part 1: Erosion and Sediment Control BMPs (Best Management Practices)—describes the
requirements during active construction and the types of practices that can be used to control erosion
and sediment.
Part 2: Stormwater Management BMPs—describes the requirements to be met after construction
has been completed, including the surface runoff loading rates.
Part 3: Surface Runoff Loading Rate Plan Documentation—describes the documentation that
must be submitted to demonstrate that a project has met the surface runoff loading rate requirements.
Part 4: Operation and Maintenance—describes how stormwater management BMPs will be
maintained after a project has been completed.
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Figure 1. Pulaski County portion of the Lake Maumelle watershed.
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Part 1: Erosion and Sediment Control BMPs
1.1 Introduction
Purpose
The purpose of Part 1 of the Pulaski County Stormwater Management and Drainage Manual is to
describe the following:





Potential water quality impacts during construction activities
Arkansas Department of Environmental Quality and Pulaski County regulations that apply to
construction site runoff
Procedures for developing a construction activity pollution prevention plan (CAPPP) to control
construction site runoff
Technical information on specific erosion and sediment control BMPs

Water quality impacts during construction
Stormwater runoff from construction activities can have a significant impact on water quality. As
stormwater flows over a construction site, it can pick up pollutants like sediment, debris, and chemicals
and transport them to a nearby storm sewer system or directly to a stream or lake. Polluted stormwater
runoff can harm or kill fish and other wildlife. Sedimentation can destroy aquatic habitat, and high
volumes of runoff can cause streambank erosion. Debris can clog waterways and cause flooding.
Excess sediment discharged from construction sites can also increase turbidity in water resources such as
Lake Maumelle. Turbidity is a particular concern in Lake Maumelle, as a drinking water source, because
if the raw water supply in Lake Maumelle is too turbid (cloudy), it is harder to treat for drinking water.
Sediment runoff rates from construction sites are typically 10 to 20 times greater than those of agricultural
lands, and 1,000 to 2,000 times greater than those of forest lands. During a short period, construction sites
can contribute more sediment to streams than can be deposited naturally during several decades. 1
Erosion is influenced by the amount of rainfall, steep slopes, erodibility of soil, and the amount of
vegetation. As a result, during construction, erosion rates can be increased by removing vegetation,
topsoil and organic matter, creating steep slopes, grading to expose more erodible subsoil, not covering
bare, graded areas, removing vegetated buffers along streams and allowing areas to erode causing gullies.
Erosion and sediment control BMPs are used on construction projects to minimize these factors. Erosion
prevention BMPs aim to keep rainwater from eroding soils onsite and sediment control BMPs are used to
keep any sediment which does get dislodged by rainwater from leaving a site. Erosion and sediment
control BMPs are used to accomplish five things on a construction site: 2
Soak it in. The best way to keep the rainwater from moving across the surface of the ground and
causing erosion is to allow it to soak it into the ground immediately. The easiest way to facilitate
this infiltration is to preserve the existing vegetation on the site. Vegetation not only slows down
rainwater, but the root systems soak up the water like a sponge. If existing vegetation cannot be
preserved, it is important to seed and mulch all bare areas as soon as possible. Often even if the

1
2

http://www.epa.gov/npdes/pubs/fact2‐6.pdf
Kentucky Erosion Prevention and Sediment Control Field Guide
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area might need to be graded again later, temporary seeding, mulching, geotextiles, and other
erosion control measures will prevent erosion damage in the interim.
Slow it down. The faster rainwater flows over land, the more energy it has to cause erosion.
Erosion prevention BMPs should be used to reduce the velocity of overland flows whenever
possible on a contruction site. This is particularly important in areas designed to carry
concentrated flows during construction (e.g., grassed swales) and at outlet structures. Remember,
it is much easier, and less expensive, to prevent gullies from forming on a construction site than
to repair the damage afterwards.
Spread it around. Every effort should be made to prevent flows from concentrating in areas not
designed for that purpose. The greater the volume and velocity of overland flow, the higher the
capabity to cause erosion. For example, erosion prevention BMPs used to disperse flows are often
helpful in protecting bare slopes. Upland berms can divert flows from the slopes, slope drains can
safely carry flows down the slopes without coming into contact with bare soils, and various
techniques can be used to protect the slope itself to discourage gullies from forming during rain
events.
Sift it out. When sediment particles get suspended in rainwater runoff, sediment control BMPs
can be used to filter them out before the rainwater leaves the site. The most common of these is
the silt fence for non-concentrated flows, but other sediment barriers can be used as well, such as
brush barriers or fiber rolls. However, sediment barriers should not be used in areas of
concentrated flows. As the water flows through the barrier, sediment of various sizes, depending
upon the control type, is filtered out. These controls, in particular, need to be maintained regularly
to operate effectively.
Settle it out. After adequate measures are taken to minimize the amount of sediment being
dislodged and carried in rainwater, sediment traps and basins can be used to pool the water and
allow the sediment to settle before discharge. Sediment basins and traps should never be used
alone to control sediment discharge from a construction site; however, they are useful as a step in
an erosion and sediment control treatment train.
Some BMPs are useful in accomplishing more than one of these goals. For example, retaining vegetative
buffers around streams often can achieve all five.
Most construction projects will require a combination of most or all of these types of BMPs to adequately
minimize sediment discharge. Careful planning before the first scoop of dirt is disturbed is crucial to
ensure that adequate controls are selected, budgeted for and maintained as necessary during all phases of
the project.
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The illustration below summarizes the process of selecting erosion and sediment controls at an active
construction project, from preserving existing vegetation upslope of active disturbance to preserving
vegetation near waterways.
Preserve existing vegetation
Divert upland runoff around exposed soil
Seed/mulch/cover bare soil immediately
Use sediment barriers to trap soil in runoff
Protect slopes and channels from gullying
Install sediment traps and settling basins

Preserve vegetation near all waterways

In addition, good housekeeping practices must be implemented on construction sites to ensure that other
contaminates such as concrete wash water, oil, and trash/debris do not pollute rainwater and discharge
from the site. These BMPs need to be proactively planned and implemented to minimize stormwater
pollution.
Part 1 of this Manual has been written to educate design engineers and plan reviewers regarding the
pertinent construction regulations as well as assist them in the selection of appropriate erosion and
sediment controls for inclusion in CAPPPs. Section 1.4 provides detailed technical specifications for site
preparation, soil stabilization, slope protection, drainage system controls, sediment traps/basins,
stream/wetland protection and good housekeeping controls. Each specification will include a
description/purpose of the control, the advantages and limitations, design criteria, construction and
installation specifications, and inspection and maintenance requirements.
Construction site pollutants of concern
Table 1 lists the various pollutants associated with different activities at a construction site. Sediment is
typically the primary pollutant of concern, and construction operators should use erosion controls as their
first BMP, before any sediment controls are considered. In addition to sediment, the CAPPP should
address other pollutants anticipated to be present at a construction site, such as oil, pesticides or nutrients.
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Table 1. Pollutants associated with typical construction activities










Structure construction/painting/cleaning



Demolition and debris disposal



Dewatering operations



Drilling and blasting operations



Material delivery and storage



Material use
Solid waste (trash and debris)





















































Concrete waste
Sanitary/septic waste




Hazardous waste
Contaminated spills

Other Toxic Chemicals



Gross Pollutants



Bacteria and Viruses

Oil & Grease



Heavy Metals



Pesticides

Paving operations

Nutrients

Construction Activity
Landscaping/earthmoving

Sediment

Pollutants










Vehicle/equipment fueling



Vehicle/equipment maintenance













1.2 Regulatory Considerations
All construction activities disturbing one acre or greater must comply with the Arkansas Department of
Environmental Quality’s (ADEQ’s) construction general permit (information at
http://www.adeq.state.ar.us/water/branch_permits/general_permits/stormwater/construction/construction.
htm), which generally requires a copy of the stormwater pollution prevention plan (SWPPP) to be
submitted to ADEQ. In addition, construction activity in the watershed of a public water supply in Pulaski
County must comply with additional requirements, as described in Chapter 8 of the County’s Subdivision
and Development Code. Chapter 8 “Additional Requirements for Land Development Located in the
Watershed of a Public Water Supply” requires a copy of the construction activity pollution prevention
plan (CAPPP) developed for the County to be submitted with the preliminary plat or site plan.
Construction operators MUST submit a CAPPP to the County. A SWPPP is required by ADEQ, but is not
part of the County’s requirements. The specific items that must be included in the CAPPP, as described in
Section 8.8 of the Ordinance, include:
A) Limiting land disturbing activity on the site to the extent practical and consistent with the
development activities planned
B) Re-vegetating of areas disturbed by grading
C) Retaining all sediment within the boundaries of the tract to the extent practical
D) Re-establishing ground cover to restrain erosion following the construction or development phase
June 2010
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E) Establishing stream side buffers and/or or enhanced management controls within streamside
buffer areas
F) Avoiding the channeling of runoff directly into a waterbody through the use of swales or other
systems to decrease the velocity of stormwater, increase infiltration, allow solids to settle and
remove pollutants
G) Limiting alteration of natural watercourses such as straightening, widening, or dredging
H) Periodic inspections and continued maintenance
The state DEQ permit (SWPPP) requirements and Pulaski County (CAPPP) requirements are summarized
below:
ADEQ National Pollutant Discharge Elimination System Stormwater Construction General Permit
Per the Construction General Permit (No. ARR150000 Part II.A.), construction projects 5 acres and larger
are required to develop and submit a notice of intent (NOI) and SWPPP to ADEQ. Projects from 1 to 5
acres are given automatic coverage and do not have to submit an NOI or SWPPP; however, they have to
develop and implement a SWPPP per the General Permit requirements. Chapter 8 of the County’s
Subdivision and Development Code ordinance (Ordinance) includes additional requirements for land
development in the watershed of a public water supply. Section 8.8 includes erosion and sediment control
requirements that are in addition to the General Permit. In addition, Section 8.10 includes erosion and
sediment control requirements for projects with very high slopes (25 percent slope or greater). The
following is a summary of these requirements. For further, necessary detail, see the full regulations.
Phasing
Both the Ordinance (Section 8.8A.) and the General Permit (Part II.A.4.H.1.) require that land disturbance
is limited and phased to minimize the amount of soil disturbed at any one time. The General Permit
requires that for larger common plans, stabilization of the initial areas be completed before any additional
disturbance (Part II.A.4.H.1.).
Stabilization Practices
Both the Ordinance (Section 8.8B. and D.) and General Permit (Part II.A.4.H.2.a) require that disturbed
areas be revegetated and the General Permit requires that site plans ensure that existing vegetation is
preserved where attainable.
The Ordinance and the General Permit also require that the project establish streamside buffers
(Ordinance Section 8.8E; General Permit Part II.A.4.H.2.b.). The General Permit provides design
specifications for the buffers at Part I.13. and as follows in Part II: “For construction projects where
clearing and grading activities will occur, SWPPP must provide at least twenty-five (25) feet of buffer
zone from any named or unnamed streams, creeks, rivers, lakes or other water bodies. The plan must also
provide at least fifty (50) feet of buffer zone from established TMDL water bodies, streams listed on the
303 (d)-list, an Extraordinary Resource Water (ERW), Ecologically Sensitive Waterbody (ESW), Natural
and Scenic Waterway (NSW), and/or other uses at the discretion of the Director.” The General Permit
goes further to state that if the area within the buffer zone is disturbed, it “must be stabilized as soon as
possible.”
The General Permit states that stabilization in general must be initiated “as soon as practicable” when
construction activities have temporarily or permanently ceased, but in no case more than 14 days after this
time with two exceptions: when the stabilization activity is precluded by snow cover or when the activity
will resume within 21 days.

June 2010
Part 1.2 Regulatory Considerations

11

Pulaski County Stormwater Management and Drainage Manual

Structural Practices
Both the Ordinance (Section 8.8C. and F.) and General Permit (Part II.A.4.H.3.) require that sediment be
retained on the project site and that the runoff of water be limited and retained onsite to the extent
practical. The Ordinance requires that the CAPPP include practices that avoid the “channeling of runoff
directly into a water body through the use of swales or other systems to decrease the velocity of
stormwater, increase infiltration, allow solids to settle and remove pollutants.” The General Permit lists
some structural practices that could be used to limit runoff and the discharge of pollutants but does not
specify that those are the only ones that can be used. The General Permit provides specifications for the
design of sediment basins, should they be attainable, for common drainage locations that serve 10 or more
acres (Part II.A.4.H.3.a.). The General Permit also requires the SWPPP to describe any structural
practices used to divert flows, store flows, or otherwise limit runoff and the discharge of pollutants.
The Ordinance (Section 8.10) also requires extra consideration for projects with Very High Slopes. The
Ordinance states that “the Very High Slope BMP Plan shall contain appropriate sedimentation and
erosion control measures designed for the particular slope and soils at the site, and must demonstrate that
sediment will be appropriately collected and retained on site through the use of redundant and
conservatively designed and well maintained controls.”
Controls for other Pollutants
Both the Ordinance and General Permit require that controls be used to minimize impacts from all
activities on a construction project, not just land disturbance. The Ordinance requires that project plans
limit the alteration of natural watercourses (Section 8.8G.). The General Permit (Part II.A.4.I.) requires
that controls be used to control the discharge of solid materials (i.e., building materials, litter, construction
debris, construction chemicals), minimize vehicle tracking on streets, and prevent discharge of concrete
washout waters and contaminants from vehicle maintenance and hazardous waste storage areas. The
General Permit also requires that projects comply with all “applicable State or local waste disposal,
temporary and permanent sanitary sewer or septic system regulations.” Finally, the General Permit
specifies that offsite material storage areas (also including overburden and stockpiles of dirt, borrow
areas, and other areas) used solely by the permitted project are considered a part of the project and must
be addressed in the SWPPP.
Inspections and Maintenance
The General Permit and Ordinance (Section 8.8H.) require inspections and maintenance on construction
projects for stormwater controls. The General Permit (Part II.A.4.M.) provides details about areas onsite
to be inspected, the qualifications of the inspectors, the inspection form to be used, and record-keeping
and inspection frequencies (i.e., at least once every 7 calendar days, or at least once every 14 calendar
days and within 24 hours of the end of a storm event of 0.5 inch or greater).
Part II.A.4.H.1.c. of the General Permit requires that all BMPs are selected, installed, and maintained
according to manufacturers’ specifications, good engineering, and construction practices. Part II.A.4.N.
requires that the SWPPP contain a description of procedures to maintain vegetation, erosion and sediment
control measures and other protective measures in good, effective operating condition. The General
Permit specifies that any repairs that are needed must be completed within three business days of
discovery or as otherwise directed by state or local officials. Part II.A.4.H.1.d. states that offsite
accumulations of sediment must be removed at a frequency to minimize offsite impacts, and Part
II.A.4.H.1.e. requires that sediment must be removed from sediment traps or ponds when the design
capacity has been reduced by 50 percent.
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Very High Slope BMP Plan
The Ordinance defines a Very High Slope as “land with a slope that is equal to or greater than 25%.”
Development is prohibited on slopes with a slope gradient of 25 percent or more, except that roads,
utilities, and other development infrastructure may be constructed on very high slopes when necessary.
A variance to the development prohibition on Very High Slopes may be granted by Pulaski County
Planning Board if the following conditions are met:
1. The soil disturbance in areas with slopes equal to or greater than 25 percent must not exceed
15 percent of area of the development equal to or greater than 25 percent slope.
2. A slope stability analysis by a registered professional engineer is completed for the proposed
development features located on very steep slopes, and the analysis demonstrates that the
proposed development activities are compatible with the slope stability.
3. The soil disturbance must be conducted in a manner that minimizes loss of existing vegetation.
4. The angle for graded slopes and fills must be no greater than the angle which can be retained by
vegetative cover or other erosion control devices or structures.
5. The Very High Slope BMP Plan must contain appropriate sedimentation and erosion control
measures designed for the particular slope and soils at the site, and must demonstrate that
sediment will be appropriately collected and retained onsite through use of redundant and
conservatively designed and well maintained controls.
A Very High Slope BMP Plan is required only when a variance to the development prohibition on Very
High Slopes has been granted by the Planning Board. The Very High Slope BMP Plan should contain






Site map showing contour elevations, slopes, drainage, developed areas, and all areas designated
as Very High Slopes
Erosion control measures used on very high slopes (e.g., seeding, mulching, erosion control
blankets [ECBs], etc.)
Sediment or structural control measures used on very high slopes (e.g., benching/terracing)
Runoff control measures used on very high slopes (e.g., berms, diversions, slope drains, etc.)
Inspection frequency and responsible inspector

1.3 Developing a Construction Activity Pollution Prevention Plan
NOTE: As described in the previous section, construction operators must submit a CAPPP to the County.
A SWPPP is required by ADEQ, but is not part of the County’s requirements. This section addresses
SWPPP development, but many of the same principles can be applied to addressing the eight elements
required in a CAPPP.
General approaches to construction site runoff management
The key to managing construction site runoff is a well-written and implemented SWPPP. If sediment and
erosion controls and good housekeeping practices are not followed, construction activity can result in the
discharge of significant amounts of sediment and other pollutants. The term best management practice or
BMP is often used to describe the controls and activities used to prevent stormwater pollution.
BMPs can be divided into two categories—structural and nonstructural BMPs. Structural BMPs include
silt fences, sedimentation ponds, ECBs, and temporary or permanent seeding, while nonstructural BMPs
include picking up trash and debris, sweeping up nearby sidewalks and streets, maintaining equipment,
and training site staff on erosion and sediment control practices. In this document, the term BMPs is used
broadly and includes both structural and nonstructural controls and practices.
June 2010
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A SWPPP is more than just a sediment and erosion control plan. It is a comprehensive, written document
that describes the pollution prevention practices and activities that will be used during each phase of
construction. It includes descriptions of the site and of each major phase of the planned activity, the roles
and responsibilities of contractors and subcontractors, and the inspection schedules and logs. It is also a
place to document changes and modifications to the construction plans and associated stormwater
pollution prevention activities.
Phasing construction activity
Another technique for minimizing the duration of exposed soil is phasing. By scheduling or sequencing
your construction work and concentrating it in certain areas, you can minimize the amount of soil that is
exposed to the elements at any given time. Limiting the area of disturbance to places where construction
activities are underway and stabilizing them as quickly as possible can be one of your most effective
BMPs.
The importance of erosion prevention before sediment control
Erosion is the process by which the land surface is worn away by the action of water or wind.
Sedimentation is the movement and settling out of suspension of soil particles. It is usually easier and less
expensive to prevent erosion than it is to control sediment from leaving a construction site. Therefore,
construction operators should always employ erosion controls to the extent possible at an active
construction site. Sediment controls should be used to capture sediment after erosion controls are in place.
Common SWPPP objectives
The SWPPP outlines the steps you will take to comply with the terms and conditions of your construction
general permit. Keeping the following objectives in mind as you develop your SWPPP will help guide
you in addressing your permit requirements and in protecting water quality.







Stabilize the site as soon as possible. Get your site to final grade and either permanently or
temporarily stabilize all bare soil areas as soon as possible. Take into consideration germination
times for the grasses or other vegetation selected, and provide additional stabilization (mulches,
matrices, blankets, soil binders) on erosion-prone areas such as slopes and drainage ways. Also
consider seasonal limitations to plant establishment and growth, such as drought or cold
temperatures, and make an effort to ensure that areas that are not showing adequate vegetation
establishment are reseeded or mulched immediately. Areas needed for future roads, construction,
or other purposes should be temporarily stabilized (see your permit for requirements related to
areas of the site not currently under active construction). Establishing a vegetated cover on as
much of the site as possible will help to minimize erosion and sediment runoff. Perimeter controls
should remain in place until final stabilization has been achieved.
Protect slopes and channels. Convey concentrated stormwater runoff around the top of slopes
and stabilize slopes as soon as possible. This can be accomplished using pipe slope drains or
earthen berms that will convey runoff around the exposed slope. Avoid disturbing natural
channels and the vegetation along natural channels, if possible.
Reduce impervious surfaces and promote infiltration. Reducing impervious surfaces will
ultimately reduce the amount of runoff leaving your site. Also, divert runoff from rooftops and
other impervious surfaces to vegetated areas when possible to promote infiltration.
Control the perimeter of your site. Divert stormwater coming onto your site by conveying it
safely around, through, or under your site. Avoid allowing run-on to contact disturbed areas of the
construction site. For the runoff from the disturbed areas of the site, install BMPs such as silt
fences to capture sediment before it leaves your site. Remember—“Divert the clean water, trap
the dirty water.”
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Protect receiving waters adjacent to your site. Erosion and sediment controls are used around the
entire site, but areas that are adjacent to receiving waters or other environmentally sensitive areas
require additional controls. Remember, the primary purpose of erosion and sediment controls is to
protect surface waters.
Follow pollution prevention measures. Provide proper containers for waste and garbage at your
site. Store hazardous materials and chemicals so that they are not exposed to stormwater.
Minimize the area and duration of exposed soils. Clearing only land that will be under
construction in the near future, a practice known as construction phasing, can reduce offsite
sediment loads by 36 percent for a typical subdivision (Claytor, 2000). Additionally, minimizing
the duration of soil exposure by stabilizing soils quickly can reduce erosion dramatically.

SWPPP components
The SWPPP must be prepared in accordance with good engineering practices by qualified personnel and
must






Identify potential sources of pollution which may reasonably be expected to affect the quality of
stormwater discharges from the construction
Identify, describe and ensure the implementation of BMPs, with emphasis on initial site
stabilization, which are to be used to reduce pollutants in stormwater discharges from the
construction site
Be site-specific to what is taking place on a particular construction site
Ensure compliance with the terms and conditions of this permit
Identify the responsible party for onsite SWPPP implementation

Contents of the SWPPP must include the following:
1.
2.
3.
4.
5.
6.
7.
8.

9.
10.
11.
12.
13.

Site Description
Responsible Parties
Receiving Waters
Documentation of Permit Eligibility Related to 303(d) list and TMDLs
Attainment of Water Quality Standards after Authorization
Endangered Species
Site Map
Stormwater Controls
a. Initial Stabilization, Erosion, and Sediment Controls
b. Stabilization Practices
i. Description and Schedule
ii. Description of Buffer Areas
iii. Records of Stabilization
iv. Deadlines for Stabilization
c. Structural Practices
i. Sediment Basins
ii. Velocity Dissipation Devices
Other Controls
Non-stormwater Discharges
Post-Construction Stormwater Management—Note: Requirement includes a goal of at least
80 percent removal of TSS (where practicable); where this goal is not met, the operator must
provide a justification for rejecting the practice.
Applicable State or Local Programs
Inspections
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14.
15.
16.
17.

a. Inspection Frequency
b. Inspection Form
c. Inspection Records
d. Winter Conditions
Maintenance
Contractors
Inspectors
Plan Certification

When developing a SWPPP, there are several tips to keep in mind:
 Develop the SWPPP before you disturb any soil and before you submit for permit coverage
 Use the ADEQ SWPPP template to prepare your SWPPP
 Make sure the construction operator signs the SWPPP
 Keep the SWPPP onsite at the construction site
These same tips apply to development of the County’s CAPPP. In addition, implement the CAPPP as
written—if there are significant changes to the BMPs described in the CAPPP (for example, installing a
sediment basin when the approved CAPPP did not include a sediment basin), then the construction
operator must get written approval from Pulaski County Planning & Development. Minor changes to
BMPs in the approved CAPPP, such as adjusting locations of silt fences, do not need approval from the
County.
ADEQ SWPPP template and inspection template
ADEQ has developed SWPPP templates for sites between 1-5 acres and for sites greater than 5 acres (at
http://www.adeq.state.ar.us/water/branch_permits/general_permits/stormwater/construction/construction.
htm). The templates are available in both Word and PDF formats. Construction operators should use the
appropriate template to develop their SWPPP.
The SWPPP template for sites with automatic coverage (i.e., between 1–5 acres), is only seven pages long
and covers basic project information, BMPs and inspections. A site map is also required.
The SWPPP template for large construction sites (i.e., greater than 5 acres) is 11 pages long and includes
more detail on BMPs and calculations for the site.

1.4 Technical specifications for BMPs
The technical specifications on specific erosion and sediment control BMPs are categorized by their
general purpose or type. The seven categories (A through G) allow a construction site operator to identify
appropriate BMPs for a specific purpose (such as slope protection).
Design details for many of the construction BMPs described in this section can also be found in the
Pulaski County Drainage and Erosion Prevention Manual.
A. SITE PREPARATION
 Land Grading
 Stabilized Construction Exit
 Temporary Diversion (Berm or Ditch)
 Topsoil Stockpiling
B. SOIL STABILIZATION
 Temporary and Permanent Seeding
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C.

D.

E.

F.

G.

 Mulching and Sodding
 Dust Control
SLOPE PROTECTION
 Silt Fence
 Brush, Rock, and Other Sediment Barriers
 Erosion Control Blankets and Turf Reinforcement Mats
 Temporary Slope Drains
 Gabion Baskets and Mattresses
 Cellular Confinement Systems
DRAINAGE SYSTEM CONTROLS
 Curb Inlet, Drop Inlet, and Culvert Inlet Sediment Barriers
 Culvert Outlet Energy Dissipator
 Rock-Lined and Grass-Lined Ditches and Channels
 Check Dams for Ditches and Channels
SEDIMENT TRAPS AND BASINS
 Temporary Sediment (Silt) Traps
 Sediment (Detention) Basins
 Dewatering Devices
STREAM AND WETLAND PROTECTION
 Buffer Zones
 Filter Strips
 Temporary Stream Crossing
 Bioengineering: Live Staking
 Wattles (Live Fascines)
 Brushlayering
GOOD HOUSEKEEPING AND OTHER RUNOFF CONTROLS
 Material Delivery, Storage, and Use
 Spill Prevention and Control
 Vehicle and Equipment Maintenance
 Debris and Trash Management
 Hazardous Waste Management
 Concrete Waste Management
 Sanitary Facilities
 Employee Training
Proprietary BMPs
This Manual does not specifically address the different types of proprietary BMPs that can be used at
construction sites to control stormwater discharges. Many of these proprietary BMPs function
similarly to the BMPs listed in this Manual. For example, a variety of proprietary BMPs have been
developed for storm drain inlet protection which functions similar to the inlet sediment barriers in this
Manual.
Proprietary BMPs can be included in CAPPP and used on construction sites; however, these BMPs
may require additional documentation or review, at the discretion of Pulaski County’s Planning and
Development.
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A. SITE PREPARATION
Construction site work includes clearing, grading, and preparing the site for built features like roads,
utilities, buildings, parking lots, and the site drainage system. Schedule and limit grading activities to
minimize bare soil areas and the time of exposure. Establish vegetation on graded areas as quickly as
possible or whenever work is interrupted. Use diversions and perimeter protection to intercept runoff and
divert it from bare soil slopes. Install these practices before clearing and grading or as soon as possible.
Stabilize the construction entrance and channels immediately.
Initial clearing and grading work on a site requires attention to a fairly common set of general goals:







Minimize site disturbance to preserve and maintain existing vegetative cover
Limit the number of access points to the site to control offsite mud tracking
Phase and sequence construction activities by dividing the project into logical work zones
Locate temporary and permanent soil disposal areas, haul roads, and construction staging areas to
minimize erosion, sediment transport, and disturbance to existing vegetation
Install sediment barriers and controls before land clearing and grading wherever possible
Get to final grade, seed and mulch as soon as you can

This section covers a broad range of site preparation tasks including land grading, installing the
construction exit, topsoil storage, identifying buffer zones around drainage features, and initial
preparation of soil surfaces by roughening.
For more information about designing construction projects that cost less and minimize water resource
impacts, see the U.S. Environmental Protection Agency’s (EPA’s) Low Impact Development Design
Strategies guide at www.epa.gov/owow/nps/lid/lidnatl.pdf.
The normal sequence for basic site preparation work begins with installing controls before clearing and
excavation work and ends with covering all bare areas with grass, gravel, or built surfaces, and stable
ditches with functioning stormwater systems.
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Land Grading
Description/Purpose
Land grading involves reshaping the ground surface to planned grades through excavation or placement
of fill material as determined by engineering survey evaluation and layout. Grading includes operations
that remove vegetation, such as clearing and grubbing.
Land grading serves to construct designed site drainage features, achieve site grades necessary for
constructing roads, buildings, parking lots, and other site features. This practice applies to sites where the
existing topography must be modified to prepare for another land use, or where adapting proposed
development to the existing landscape can reduce the erosion potential of the site and the cost of installing
erosion and sediment control measures. In some instances, other practices such as diversions can be used
to reduce the length of continuous slopes and reduce erosion potential.
Advantages/Limitations
Land grading is an effective means of reducing steep slopes and stabilizing highly erodible soils when
properly implemented with stormwater management and erosion and sediment control practices. Land
grading is not effective when drainage patterns are altered or when vegetated areas on the perimeter of the
site are destroyed.
Improper grading practices that disrupt natural stormwater patterns might lead to poor drainage, highrunoff velocities, and increased peak flows during storm events. Clearing and grading the entire site
without vegetated buffers promotes offsite transport of sediments and other pollutants. Design the grading
plan with erosion and sediment control and stormwater management goals in mind to ensure that the plan
is implemented as intended.
Design Criteria
 Development should fit existing topography as much as possible so that land disturbance is
minimized.
 A phased clearing and grading schedule that minimizes the extent of the denuded areas and
minimizes the length of time the areas are exposed should be developed and followed.
 Existing drainage features (e.g., swales, ditches, channels) and the vegetation nearby should be
preserved wherever possible.
 Steep slopes and excessive slope lengths should be kept to a minimum.
 Cuts or fills should not be so close to property lines as to endanger adjoining property—adequate
protection against erosion, sedimentation, slippage, settlement, subsidence, and other damage
must be implemented.
 Subsurface drainage should be provided to areas having high water tables to intercept seepage
that might affect slope stability.
 Ditches and other drainage system features should be designed to safely convey increased runoff
from cleared or developed areas without causing downstream channel aggradation, degradation,
or increased offsite flooding.
 Temporary structural controls (e.g., silt fencing, ditch checks, inlet dikes) installed during
construction must be designed to accomplish maximum stabilization and control of erosion and
sedimentation and must be installed, maintained, and removed according to the specifications set
forth in this manual.
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Construction/Installation Specifications
 Phase grading activities using a work timetable that schedules land disturbance activities so only
small portions of the site where active construction activities will occur are graded.
 Preserve natural vegetation where possible and disturb, clear, or grade only those areas necessary
for construction.
 Drainage system controls (e.g., sediment traps/basins, ditches) and perimeter controls (silt fences,
construction exit) should be installed and maintained before land grading.
 The site should be graded to direct flows to appropriate BMPs or other controls.
 No fill may be placed where it can slide or wash onto adjoining property or adjacent to creek
channel banks unless proper erosion and sediment control measures and proper stabilization is
provided.
 Use slope breaks, such as diversions, benches, or contour furrows as appropriate, to reduce the
length of cut-and-fill slopes to limit sheet and rill erosion and prevent gully erosion.
 Brush cleared from the site can be used as a temporary down-gradient sediment barrier if placed
on the contour to intercept and detain muddy runoff.
 An objective of site development plans should be to limit the number of stream crossings and
limit encroachment into stream buffers, riparian areas, and wetlands during construction. When
such crossings or encroachments are required, they must be covered under the appropriate U.S.
Army Corps of Engineers (USACE) Clean Water Act (CWA) Section 404 permit. Topsoil must
be stockpiled and preserved from erosion or dispersal both during and after site grading
operations.
 Cut and fill slopes should be seeded and mulched (or covered with blankets/mats) immediately
after construction (i.e., within 14 days).
 Where construction or land disturbance activity will or has temporarily ceased on any portion of a
site, temporary site stabilization measures must be required as soon as practicable, but no later
than 14 calendar days after the activity has ceased.
 Final stabilization of the site must be required within 14 calendar days of construction
completion.
Inspection and Maintenance
 Inspect ditches and other areas where runoff exits the site for erosion or sediment runoff. Install
BMPs (e.g., silt traps, sediment barriers) as needed.
 Inspect perimeter controls where sheet runoff exits the site for silt fence undercutting, bypassing,
or damage. Repair existing controls or install new ones as needed.
 Inspect sediment traps and basins and other drainage system controls weekly and after large storm
events to verify available sediment storage capacity.
 Inspect the construction exit to ensure that no mud tracking onto the paved road is occurring.
 Check flagged areas (e.g., areas closed to construction equipment such as buffer areas) to ensure
that no damage or other impacts are occurring in stream buffers or other preserved areas.
 Inspect cleared and excavated areas continuously to check for the presence of underground
pipelines, tanks, sinkholes, or other unforeseen features.
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Stabilized Construction Exit
Description/Purpose
A construction exit is a stabilized stone-based pad designed to provide a buffer area where mud and caked
soil can be removed from tires of construction vehicles or equipment that leave a construction site and
enter a public right-of-way, street, alley, sidewalk, or parking area.
The purpose of a stabilized construction entrance is to shake/vibrate mud off of construction vehicles. A
stabilized construction exit is intended to reduce offsite sedimentation and improve public safety by
eliminating the tracking or other movement of sediment onto public rights-of-way.
Advantages/Limitations
By stabilizing the construction exit, it is likely that this management practice will create a significant
reduction in the amount of sediment, nutrients, toxic materials, and oil and grease to and from a public
right-of-way, street, alley, sidewalk, or parking area.
Although stabilizing a construction exit can reduce the amount of sediment or other pollutants leaving a
site, some soil might still be deposited from vehicle tires onto paved surfaces. To further reduce the
chance of such sediment polluting stormwater runoff, this management practice should be used in
conjunction with street sweeping on the adjacent paved surface. For sites that use wash stations, a reliable
water source to wash vehicles before leaving the site might not be initially available, and water might
have to be trucked to the site at additional cost. Additionally, a settling area or other control might need to
be provided to collect wash water runoff.
Design Criteria
Construction plans must limit traffic exiting the site to properly constructed and stabilized construction
exits.
 The entrance must be constructed at a location that maximizes utility by all construction vehicles
and minimizes the effect on streams and storm drains.
 The aggregate size for construction of the pad must be 2–3 inch crushed stone, at a minimum.
The use of recycled concrete as aggregate for the base is prohibited. A 6- to 12-inch layer of stone
should be placed over the entire length and width of the construction exit.
 The thickness of the pad must not be less than 6 inches. Use geotextile fabrics below the crushed
stone, if necessary, to minimize migration of stone in the underlying soil and to improve stability
of the foundation in locations subject to seepage or high water table.
 The width of the pad must not be less than the full width of all points of ingress or egress and, in
any case, must not be less than 20 feet wide. Allow for necessary turning radii for trucks and
equipment.
 The length of the pad must be as required, but not less than 50 feet.
Construction/Installation Specifications
 Construct a stabilized construction exit before clearing, grubbing, and grading the site. Place the
crushed stone to the specific grade and dimensions shown on the plans, and level it out. A
geotextile underliner helps to keep rock up out of the mud and functioning properly to remove
mud from vehicle and equipment tires.
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Figure 2. Illustration of a stabilized
construction exit. (USEPA, 2007)




Provide drainage to direct runoff from the construction exit toward a sediment trap or other
controlled area. In no case should runoff from the construction exit flow onto roads, parking lots,
or adjacent properties.
When necessary, wheels must be cleaned with a shovel, scraper, or high-pressure water hose to
remove sediment before entrance onto roads or other paved areas. When washing is required, it
must be done on an area stabilized with crushed stone that drains into an approved sediment trap
or sediment basin before entering any storm drain, ditch or watercourse leaving the site.

Inspection and Maintenance
Inspect all construction exits twice a day during dry weather and more often during wet weather.
Encourage equipment operators and other personnel to immediately report any mud tracking onto paved
offsite areas.
 All sediment spilled, dropped, washed or tracked onto public rights-of-way must be removed
immediately.
 The entrance must be maintained in a condition that will prevent tracking or flowing of sediment
onto public rights-of-way. This could require periodic top dressing with additional stone as
conditions demand, and repair or maintenance of any measures used to trap sediment.
 Replace gravel material when surface voids are filled with soil, or use a grubbing rake mounted to
a front-end loader to stir the rock during dry conditions and shake down fine soil particles.
 Sediment from construction entrances and exits must be prevented from entering any storm drain,
ditch, or watercourse through use of sediment traps, sand bags, commercial sediment dikes, inlet
filters, or other approved methods. Maintain traps or other sediment trapping structures as needed.
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Temporary Diversion (Berm or Ditch)
Description/Purpose
A temporary diversion structure is a watercourse constructed above an area of exposed soil consisting of a
berm, ditch, or channel. Most diversions are constructed by excavating a channel and using the excavated
material to construct a ridge on the downslope side of the channel.
Temporary diversion is intended to intercept and divert clean upland runoff or drainage water away from
unprotected disturbed areas and toward a vegetated infiltration area, stabilized ditch, or other stabilized
outlet.

Figure 3. Illustration of a construction berm to divert
stormwater away from the disturbed construction area.
(USEPA, 2007)

Advantages/Limitations
Temporary berms, ditches or channels are an effective means of diverting sediment-laden stormwater
runoff around a disturbed area. But the concentrated runoff in the channel or ditch has increased erosion
potential. Direct temporary diversion structures to sediment-trapping devices, where sediment can settle
out of the runoff before it is discharged to surface waters. Sediment-trapping devices that work with
temporary diversion structures include sediment basins, sediment chambers/filters, and any other
structures designed to allow sediment to be collected for proper disposal.
The effectiveness of a diversion structure can be reduced if it crosses a vehicle roadway or entrance.
When possible, design diversion structures to avoid crossing vehicle pathways.
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Design Criteria
Locate diversion berms and ditches to intercept and carry runoff around or through bare soil areas as
needed. Berms should be located to minimize damage by construction operations and traffic.
 Berms and ditches should be designed to carry peak flow from a specific design storm.
 The shape of the structure may be parabolic, trapezoidal, or V-shaped with side slopes of 2:1 or
flatter and additional freeboard.
 Berms and ditches should be stabilized immediately following construction with seed and mulch,
sod, or other means.
 Berms and ditches should be directed to a sediment trapping device.
Construction/Installation Specifications
Temporary diversion berms or ditches must be installed as a first step in the land-disturbing activity and
must be functional before downslope land disturbance.
 Clear the construction area of trees, stumps, brush, sod and other unsuitable materials.
 Excavate, fill, and shape the diversion to planned alignment, grade, and cross section. The
channel should have a positive grade toward the outlet to avoid ponding.
 The berm must be adequately compacted to prevent failure.
 All earth removed and not needed for the practice should be spread or disposed of so that it will
not interfere with the functioning of the diversion.
 Temporary or permanent seeding and mulch must be applied to the berm or ditch immediately
following its construction. Seed areas below the flow line, and use erosion control blankets
(ECBs) or turf reinforcement mats (TRMs) as needed.
Inspection and Maintenance
Inspect berms and ditches weekly, after every rainfall greater than one-half inch and after any repairs are
made to the berm or flow channel. Check to make sure that the berm or ditch is stable and outlet or
infiltration areas are not eroding.
 If vegetation has not been established, reseed damaged and sparse areas immediately. Use ECBs
or TRMs as necessary.
 Damages caused by construction traffic or other activity must be repaired before the end of each
working day.
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Topsoil Stockpiling
Description/Purpose
Topsoil stockpiling is the removal of a desirable soil surface at a site before construction and using it on
areas to be vegetated. The use of topsoil, generally, improves the quality of the plant growth medium at
the site and increases the likelihood of successful plant establishment and performance. This practice
applies to sites that are to be disturbed by excavation, compaction or filling, and to other areas where the
subsoil is unsuitable for plant growth.
Advantages/Limitations
Advantages of topsoil over subsoil include its high organic-matter content and friable consistence (soil
aggregates can be crushed with only moderate pressure) and its available water-holding capacity and
nutrient content. The texture and friability of topsoil provide benefits to seedlings for the growth of their
roots. In addition to being a better growth medium, topsoil is often less erodible than subsoil, and the
coarser texture of topsoil increases infiltration capacity and reduces runoff.
Although topsoil can provide an improved growth medium, there could be disadvantages, too. Stripping,
stockpiling, hauling, and spreading topsoil or importing topsoil might not be cost effective. Handling can
be difficult if large amounts of branches or rocks are present or if the terrain is rough. Most topsoil
contains weed seeds that compete with desirable species.
In site planning, compare the options of stockpiling with preparing a seedbed in the available subsoil. The
clay content of many subsoils retains moisture. When properly limed and fertilized, subsoils can provide a
satisfactory growth medium that is generally free of weed seeds. Stockpiling is normally recommended
where ornamental plants or high maintenance turf will be grown. It might also be required to establish
vegetation on shallow soils, soils containing potentially toxic materials, stony soils, and soils of critically
low pH (high acidity).
Design Criteria
If topsoil is to be stockpiled, consider the following:
 Quality and amount of topsoil available and needed.
 Location for a stabilized stockpile that will not erode, block drainage, or interfere with work on
the site. Topsoil stockpiles should be on flat ground if possible, and protected by a silt fence or
other sediment barrier on the downgradient sides. Topsoil that will not be used for more than
21 days should be mulched or seeded.
 If topsoil and subsoil are not properly bonded, water will not infiltrate the soil profile evenly, and
it will be difficult to establish vegetation. To promote bonding, scarify or rip subsoil to a depth of
8–12 inches; do not compact during topsoil placement operations.
 Do not apply topsoil to slopes steeper than 2:1 to avoid slippage, or to a subsoil of highly
contrasting texture. Sandy topsoil over clay subsoil is a particularly poor combination, especially
on steep slopes. Water can creep along the junction between the soil layers and cause the topsoil
layer to slip or slough.
Construction/Installation Specifications
Materials
Field evaluation of the site should be made to determine if there is sufficient surface soil of good quality
to justify stripping. Topsoil should be friable and loamy (loam, sandy loam, silt loam, sandy clay loam,
and clay loam). It should be relatively free of debris, trash, stumps, rocks, roots and noxious weeds, and
should give evidence of being able to support healthy vegetation.
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Generally, the upper part of the soil that is richest in organic matter is most desirable; however, material
excavated from deeper layers could be worth storing. Organic soils such as mucks and peats do not make
good topsoil. They can be identified by their extremely light weight when dry.
Stripping
Strip topsoil from only those areas that will be disturbed by excavation, filling, road building, or
compaction by equipment. A 4–6 inch stripping depth is common, but depth varies depending on the site.
Determine depth of stripping by taking soil cores at several locations within each area to be stripped.
Topsoil depth generally varies along a gradient from hilltop to toe of slope. Put sediment basins,
diversions, and other controls into place before stripping.
Stockpiling
The stockpile location must avoid slopes, flood plains, natural channels, and traffic routes. Stockpiles
should not be placed on steep slopes and away from waterbodies to prevent sedimentation. On large sites,
re-spreading is easier and more economical when topsoil is stockpiled in small piles near areas where it
will be used.
Silt fences or other barriers should be used where necessary to retain sediment. Protect topsoil stockpiles
by temporarily seeding as soon as possible, and for no longer than 14 days if the stockpile is idle. If
stockpiles will not be used within 2 months, they should be stabilized with permanent vegetation to
control erosion and weed growth.
Site Preparation
 Before spreading topsoil, establish erosion and sedimentation control practices such as diversions,
berms, and sediment basins.
 Maintain grades on the areas to be covered with topsoil according to the approved plan. Adjust
grades and elevations for receipt of topsoil.
 Where the pH of the existing subsoil is 6.0 or less, or the soil is composed of heavy clays,
incorporate agricultural limestone in amounts recommended by soil tests or specified for the
seeding mixture to be used. Incorporate lime to a depth of at least 2 inches by disking.
 Immediately before spreading the topsoil, loosen the subgrade by disking or scarifying to ensure
bonding of the topsoil and subsoil. If no amendments have been incorporated, loosen the soil
before spreading topsoil.
Spreading Topsoil
 Uniformly distribute topsoil to a minimum compact depth of 2–4 inches. Do not spread topsoil
while it is frozen or muddy or when the subgrade is wet or frozen.
 Correct any irregularities in the surface that result from stockpiling or other operations to prevent
the formation of depressions or water pockets.
 Compact the topsoil enough to ensure good contact with the underlying soil, but avoid excessive
compaction as it increases runoff and inhibits seed germination. Light packing with a roller is
recommended where high-maintenance turf is to be established.
 On slopes and areas that will not be mowed, the surface can be left rough after spreading topsoil.
A disk can be used to promote bonding at the interface between the topsoil and subsoil.
 After topsoil application, follow procedures for temporary or permanent seeding, taking care to
avoid excessive mixing of topsoil into the subsoil.
Inspection and Maintenance
Containment structures, covers, and perimeter controls should be inspected regularly and replaced or
repaired when signs of degradation are visible. If stockpiles have been temporarily or permanently
seeded, inspect the seeded areas periodically following installation for erosion after significant storm
events. Reseed eroded areas immediately.
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B. SOIL STABILIZATION
General Information
Preserving existing vegetation or revegetating disturbed soil as soon as possible after construction is the
most effective way to control erosion. Vegetative controls reduce erosion potential by
 Shielding the soil surface from the impact of raindrops and runoff
 Improving the soil’s water storage porosity and capacity for infiltration
 Slowing runoff and allowing sediment to filter out of the runoff
 Physically holding the soil in place with plant roots
Stabilization refers to covering or maintaining an existing cover over soil. Vegetative cover includes
grass, trees, vines, shrubs, and such. Grasses are the most common type of cover used for stabilization
because they grow quickly and prevent erosion. Stabilization measures can also include non-vegetative
controls such as geotextiles, riprap or gabions (wire mesh boxes filled with rock). Mulches such as straw
or bark can be somewhat effective at stabilization in standalone fashion but are most effective when used
in conjunction with vegetation. All practices discussed in this section seek to vegetate or otherwise cover
bare soil areas with grass, mulch, sod, or other material for the purpose of reducing raindrop erosion,
muddy runoff, gullying, and dust problems.
Note that for all sites with a disturbed area of one acre or more, Arkansas requires that bare areas that
have not been actively worked for 14 consecutive days be temporarily or permanently stabilized. In
practice, this means that seed, mulch, or other cover must be in place after 21 days if no clearing or
grading has occurred in an area. Also, note that the use of ECBs and TRMs—which are specified for
some bare areas, slopes, and ditches—are discussed in the Slope Protection section.
Hydraulically Applied Products
Typical hydraulic soil cover applications include a slurry-like mix of seed, fertilizer, and mulch. Also
available for inclusion are other amendments such as tackifier and a variety of fibrous materials that dry
to form a flexible net or crust that provides excellent protection for bare soil before seed germination.
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Temporary Seeding
Description/Purpose
Seeding of temporary vegetation provides stabilization by establishing vegetative cover at areas of the site
where earth-disturbing activities have temporarily ceased but will resume later in the construction project.
Temporary seeding consists of planting rapidly growing vegetation to stabilize disturbed soil areas that
have not reached final grade. Temporary seeding serves to reduce problems associated with muddy runoff
or dust from bare soil surfaces during construction and to maintain sheet flow, protect the soil surface,
and promote infiltration into the soil; to protect the soil and prepare it for permanent seeding at a later
date; and to reduce aesthetic and other concerns regarding water quality and visual impacts associated
with construction areas.
Areas that will be inactive for 21 days or more must be seeded and mulched within 14 days of reaching
temporary grade. Temporary seeding typically requires additional control measures to provide
stabilization until vegetation is established.
Advantages/Limitations
The effectiveness of seeding can be limited by high erosion during establishment, the need to reseed areas
that fail to establish, limited seeding times, or unstable soil temperature and soil moisture content during
germination and early growth. Seeding does not immediately stabilize soils; therefore, use temporary
erosion and sediment control measures to prevent pollutants from disturbed areas from being transported
off the site.
Design Criteria
The area must be protected from excess run-on from upgradient areas as necessary with diversions or
berms. Plant species must be selected on the basis of quick germination, growth, and time of year to be
seeded. Fertilizer, lime, seedbed preparation, seed coverage, mulch, and irrigation must be used as
necessary to promote quick plant growth. For seed mixtures for their site, developers can contact the
County Cooperative Extension Service and/or the Arkansas State Highway Department.
Temporary seeding is not recommended if permanent seeding will be completed in the same growing
season. The temporary seed mix is usually different from the permanent seed mix. Other temporary
stabilization measures should be considered.
Mulch should be specified when seeding in the summer or during excessively hot or dry weather to
maintain moisture levels, in the fall to provide winter cover, on steep slopes greater than 3:1, and on
adverse soils.
Construction/Installation Specifications
Site Preparation
The site must be graded as needed and feasible to permit the use of conventional equipment for seedbed
preparation, seeding, mulch application, and anchoring. Before seeding, necessary erosion control
practices such as diversion ditches, dikes and berms should be installed at the site. The application of
fertilizer, lime or seed should not occur before heavy rainstorms (e.g., predicted to be one-half inch or
more in one hour or less).
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Seedbed Preparation
Proper seedbed preparation and the use of high-quality seed are essential for establishing vegetation.
 Soil Surface—Topsoiling is not necessary for temporary seeding, though it may improve the
chances of vegetation establishment. When the area is sealed or crusted, loosen the soil surface
before seeding by disking, raking, harrowing, or other acceptable means. Supplement topsoil as
necessary to ensure a minimum of 4 inches of topsoil, or the thickness specified in the plans, in
areas to be temporarily seeded.
 Soil pH—Where soils are known to be acidic (pH 6.0 or lower), lime should be applied. Base
application rates on soil tests.
 Soil Fertilization—Apply fertilizer according to soil test recommendations, not to exceed the
agronomic rate for the seed mixture.
 Seeding—Apply seed as soon as practicable after the last ground-disturbing activities in an area.
Apply seed uniformly by hand, cyclone seeder, drill, cultipacker type seeder or hydroseeder
(slurry including seed and fertilizer). Cover seed with ECB or turf reinforcement if needed to
prevent erosion. On sloping land, seeding operations should be on the contour whenever possible.
Hydroseeding can be used in situations where slope and accessibility are limiting factors and seedbed
preparation is not possible, or where the application of seed, mulch and fertilizer is desirable in one
operation.
Inspection and Maintenance
All seeding should be inspected periodically following installation. Seeded areas should be checked for
erosion and flooding after significant storm events. Any repairs must be made immediately.
 Water seeded areas daily until initial ground cover is established if rainfall does not provide
moisture for seed germination. This is especially needed when seeding is made late in the
planting season, in abnormally dry and hot seasons, or on sites with steep slopes or other adverse
conditions.
 Check the area to ensure the grass is growing; replant at appropriate times if required.
 Look for damage to the seeded area due to runoff and repair before the next runoff event.
 Check for erosion and flooding after significant storm events and repair before the next runoff
event.
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Permanent Seeding
Description/Purpose
Permanent seeding is the establishment of permanent, perennial vegetative cover—usually grass—on
disturbed areas. Permanent seeding must be applied to disturbed areas within 14 days of reaching final
grade if no temporary cover is applied.
Permanent seeding is intended to maintain sheet flow, promote infiltration, and reduce problems
associated with muddy runoff or dust from bare soil surfaces during construction; to reduce sediment
runoff to downstream areas and improve the visual aesthetics of the construction area; and to provide
permanent site stabilization in preparation for completion of the project.
Advantages/Limitations
The effectiveness of seeding can be limited by high erosion during establishment, the need to reseed areas
that fail to establish, limited seeding times, or unstable soil temperature and soil moisture content during
germination and early growth. Seeding does not immediately stabilize soils; therefore, use temporary
erosion and sediment control measures to prevent pollutants from disturbed areas from being transported
off the site.
Design Criteria
The area must be protected from excess runoff as necessary with upgradient diversion berms or ditches.
Plant species must be selected on the basis of quick germination, growth, and time of year to be seeded.
Fertilizer, lime, seedbed preparation, seed coverage, mulch, and irrigation must be applied as necessary to
promote quick plant growth.
Construction/Installation Specifications
Site Preparation
Soil should be capable of supporting permanent vegetation and have at least 25 percent silt and clay to
provide an adequate amount of moisture holding capacity. An excessive amount of porous sand will not
consistently provide sufficient moisture for good growth regardless of other soil factors.
 Plan to seed all areas as soon as final grade is reached to take advantage of soil seedbed
conditions and to minimize erosion potential.
 Where compacted soils occur, they should be broken up sufficiently to create a favorable rooting
depth of 6–8 inches.
 Stockpile topsoil to apply to sites that are otherwise unsuited for establishing vegetation.
 Grade as needed and feasible to permit the use of conventional equipment for seedbed
preparation, seeding, mulch application and anchoring, and maintenance. After the grading
operation, spread topsoil where needed.
 Install the needed erosion control practices, such as diversion berms and ditches.
Seedbed Preparation
The seedbed should be prepared in accordance with the following procedures:
 Soil Surface—Where the area is sealed or crusted, loosen the soil surface before seeding by
disking, raking, harrowing, or other acceptable means. Supplement topsoil as necessary to ensure
a minimum of 4 inches of topsoil, or the thickness specified in the plans, in areas to be seeded.
 Soil pH—Where soils are known to be acidic (pH 6.0 or lower), lime should be applied. Base
application rates on soil tests.
 Soil Fertilization—Apply fertilizer according to soil test recommendations, not to exceed the
agronomic rate for the seed mixture.
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Seeding—Apply seed as soon as practicable after the last ground-disturbing activities in an area.
Apply seed uniformly by hand, cyclone seeder, drill, cultipacker type seeder or hydroseeder
(slurry including seed and fertilizer). Cover seed with ECB or turf reinforcement if needed to
prevent erosion. On sloping land, seeding operations should be on the contour whenever possible.

Hydroseeding can be used in situations where slope and accessibility are limiting factors and seedbed
preparation is not possible, or where the application of seed, mulch and fertilizer is desirable in one
operation.
Inspection and Maintenance
All seeding should be inspected periodically following installation. Seeded areas should be checked for
erosion and flooding after significant storm events. Any repairs must be made immediately.
 Water seeded areas daily until initial ground cover is established if rainfall does not provide
moisture for seed germination. This is especially needed when seeding is made late in the
planting season, in abnormally dry and hot seasons, or on sites with steep slopes or other adverse
conditions.
 Check the area to ensure the grass is growing; replant at appropriate times if required.
 Look for damage to the seeded area due to runoff and repair before the next runoff event.
 Check for erosion and flooding after significant storm events and repair before the next runoff
event.
If seeding is inadequate, (less than 85 percent groundcover) seed over the site and fertilize, using half of
the seeding rate originally applied, and apply mulch. If seeding is more than 60 percent damaged,
reestablish the stand. Follow the original seedbed preparation methods, seeding and mulching
recommendations, and apply lime and fertilizer as needed according to a soil test.
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Mulching
Description/Purpose
Mulching is often coupled with permanent and temporary seeding. Where temporary or permanent
seeding is not feasible, exposed soil can be stabilized by spreading plant residues or other suitable
materials on the soil surface. Although generally not as effective as vegetation, mulching by itself
provides a measure of temporary erosion control. Mulching in conjunction with seeding provides erosion
protection before the onset of plant growth. In addition, mulching protects newly applied seeds, providing
a higher likelihood of successful vegetation. Mulching typically involves applying a protective layer of
straw, woody, or other suitable material native to the watershed to the soil surface. Straw mulch or
hydromulch or both are also used in conjunction with seeding and hydroseeding of critical areas for
establishing temporary or permanent vegetation. Mulching does not include compost, which typically
contains fecal matter.
Mulching serves to temporarily stabilize seeded or unseeded bare soil areas, to protect the soil surface
from raindrop impact, to increase infiltration, to conserve moisture, to prevent soil compaction or
crusting, and to decrease runoff. Mulching also fosters growth of vegetation by protecting the seeds from
predators, reducing evaporation, and insulating the soil. Mulching with straw or fiber mulches is
commonly used as a temporary measure to protect bare or disturbed soil areas that have not been seeded.
Before mulching, install any needed erosion and sediment control practices such as diversions, grade
stabilization structures, berms, dikes, grass-lined channels and sediment basins.
Advantages/Limitations
Surface mulch is an effective and cost-effective means of controlling runoff and erosion on disturbed
areas before revegetation. Mulch absorbs the raindrop impact energy and minimizes soil detachment,
which is the first step of erosion.
Design Criteria
Mulch can be applied to any site where soil has been disturbed and the protective vegetation has been
removed. The most common use of mulch is to provide temporary stabilization of soil, usually until
permanent, stabilizing vegetation is established. Where mulches are used to complement vegetation
establishment, they should be designed to last as long as it takes to establish effective vegetative erosion
control.
Where mulches are used as surface cover only (i.e., bark, wood chips, or straw mulch cover) the
serviceable duration of the application and maintenance requirements, including augmentation or
replication should be specified.
On steep slopes, greater than 3:1, or where the mulch is susceptible to movement by wind or water, the
mulch material should be hydraulically applied or the straw mulch should be appropriately anchored.
Hydraulic fiber mulches or tackifying agents are used effectively to bind the straw together and prevent
displacement by wind or rain. Straw can also be covered by degradable netting or secured by crimping
(see below).
Note: For steep slopes—especially long ones—specify ECBs or hydraulically applied mulches with
sufficient tackifier to protect seedbed. Nets can be used with straw mulch if properly staked down.
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Any tackifiers used must be approved by Pulaski County and must be appropriate for a public water
supply.
Construction/Installation Specifications
Straw
Straw is an excellent mulch material. Because of its length and bulk, it is highly effective in reducing the
impact of raindrops and in moderating the microclimate of the soil surface. Straw mulch should be
uniformly applied by hand or blower and it should cover all ground surfaces if used alone and without
seed.
 Mulch should not be applied more than 2 inches deep on seeded sites, unless it is incorporated
into the soil by tracking, disking (crimping), or other punching in techniques. If the straw is
applied at rates higher than 3 tons per acre, the mulch could be too dense for the sunlight and
seedlings to penetrate.
 Obtain clean wheat, barley, oat, or rice straw to prevent the spread of noxious weeds. Avoid
moldy, compacted straw because it tends to clump and is not distributed evenly.
 The straw must be evenly distributed by hand or machine to the desired depth and should cover
the exposed area to a uniform depth. One bale (approximately 80 lbs) of straw covers about
1,000 square feet adequately. The soil surface should be barely visible through the straw mulch.
 For seeded sites, the mulch should cover 80 percent of the soil surface. For unseeded sites, the
mulch should cover 90 percent of the soil surface.
 On steep or high-wind sites, mulch must be anchored immediately to minimize loss by wind or
water. Straw mulch is commonly anchored by crimping, tracking, disking, or punching into the
soil; covering with a netting material; spraying with asphaltic or organic tackifier; or tacking with
cellulose fiber mulch at a rate of 750 pounds per acre.
 On small sites where straw has been distributed by hand, it can be anchored by hand punching it
into the soil every 1–2 feet with a dull, round-nosed shovel.
 Mulch can also be anchored using a tractor-drawn implement designed to punch and anchor
mulch into the top 2–8 inches of soil. This practice affords maximum erosion control but is
limited to flatter slopes where equipment can operate safely. A set of disk harrows can be used for
this purpose if the disks are straightened (not angled) so they cut the straw into the soil. Tracking
is the process of cutting straw into the soil using a bulldozer or other equipment that runs on
cleated tracks. Tracking is used primarily on slopes 3:1 or flatter where this type of equipment
can safely operate. This is an effective way to crimp straw on fill slopes. Tracking equipment
must operate up and down the slope so the cleat tracks are perpendicular to flow.
 Netting material made of biodegradable paper, plastic or cotton netting can be used to cover straw
mulch. Netting should be specified judiciously because birds, snakes and other wildlife can get
trapped in the nettings.
 Polymer tackifiers are generally applied at rates of 40–60 pounds per acre but should be applied
according to manufacturer’s recommendations. Organic tackifiers are generally applied at rates of
80–120 pounds per acre, but should be applied according to manufacturer’s recommendations.
Applications of liquid mulch binders should be heavier at edges, in valleys, and at crests of banks
and other areas where the mulch could be moved by wind or water. All other areas must have a
uniform application of the tackifier.
Wood Chips or Bark
The mulch should be evenly distributed across the soil surface to a depth of 2–3 inches and at a rate of
5–8 tons per acre.
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Hydraulic Mulches
Hydraulic mulches can be made of recycled newsprint, magazines, wood or other wood/paper waste
sources. This type of mulch is to be mixed in a hydraulic application machine (hydroseeder) and applied
as liquid slurry that contains the recommended rates of seed and fertilizer for the site. It can be specified
with or without a tackifier. Hydraulic mulches from wood and paper fiber are combination mulches
generally composed of 70 percent wood fiber and 30 percent paper fiber, manufactured from lumber mill
waste, virgin wood chips, recycled newsprint, office paper and other waste paper.
Hydraulic mulches should be applied at the rate of 1.5 to 2 tons per acre—mixed with seed and fertilizer
at recommended rates—to achieve uniform, effective coverage. Paper mulch used to tack and bind straw
mulch can be specified at a lower rate (i.e., about 750 pounds per acre). Wood, paper or combination fiber
mulches are typically applied with a hydraulic applicator (hydroseeder) at a minimum rate of 1.5 tons per
acre.
Rock
Use rock only for slopes of 2:1 or flatter. Install non-woven geotextile on graded slope, place rock of
mixed sizes on geotextile, starting at the bottom and working uphill. Generally rock is not suitable for
residential or other areas where aesthetics are a design consideration.
Inspection and Maintenance
Inspect weekly and repair or replace any bare areas promptly. If properly applied and anchored, little
additional maintenance is required during the first few months. After high winds or significant rainstorms,
mulched areas should be checked for adequate cover and re-mulched if necessary. Mulch needs to last
until vegetation develops to provide permanent erosion resistant cover.
 Confirm that the mulch is adequately watered.
 Check to ensure that erosion is not occurring.
 Watch for and repair washout of mulch.
 Mulching can degrade slowly; therefore, some mulch might need to be removed once vegetation
is established.
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Sodding
Description/Purpose
Sod consists of rectangular strips of live turf grass held together by matted roots laced through an organic,
growing medium.
The purpose of sodding is to immediately establish a permanent turf grass cover over bare soil and
improve visual aesthetics, during almost any time of year; to prevent erosion and damage from sediment
and runoff by stabilizing the soil surface; to promote the infiltration of precipitation and reduction of
stormwater runoff; to reduce the production of dust and mud associated with bare soil surfaces; to
stabilize swales, ditches, and channels where concentrated flows will occur; and to protect areas around
drop inlets from muddy inflows.

Figure 4. Use sod in ditches and around drop inlets for
protection against scouring flows. (Kentucky BMP Manual, 2007)

Advantages/Limitations
Compared to seed, sod is more expensive because of increased installation costs and more difficult to
obtain, transport, and store. However, the use of sod can establish permanent grass stands quickly to
prevent erosion, reduce the amount of airborne sediment and stabilize channels where concentrated
overland flow occurs. To ensure successful establishment, prepare the soil and provide adequate moisture
before, during, and after installation. If sod is laid on poorly prepared soil or an unsuitable surface, the
grass will die quickly because it is unable to root. After installation, inadequate irrigation can cause root
dieback or cause the sod to dry out.
Design Criteria
 Sod should be machine-cut and contain one-half inch to 1 inch of soil, not including roots or
shoots or thatch.
 Specify that sod will be installed within 36 hours of digging and removal from the field.
 Avoid planting when subject to frost heave or hot weather if irrigation is not available.
 Sod should not be used on slopes steeper than 2:1. If it is to be mowed, installation should be on
slopes no greater than 3:1.
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Construction/Installation Specifications
Cutting and Handling Sod
The sod should consist of strips of live, vigorously growing grasses. The sod should be free of noxious
and secondary noxious weeds and should be obtained from good, solid, thick growing stands. The sod
should be cut and transferred to the job in the largest continuous pieces that will hold together and that are
practical to handle.
 The sod must be cut with smooth, clean edges and square ends to facilitate laying and fitting. It
must be cut to a uniform thickness of not less than three-fourths of an inch measured from the
crown of the plants to the bottom of the sod strips for all grasses except bluegrass. Bluegrass sod
must be cut to a uniform thickness of not less than 1.5 inches.
 The sod must be mowed to a height of not less than 2 inches and no more than 4 inches before
cutting.
 The sod must be kept moist and covered during hauling and preparation for placement on the sod
bed.
Site Preparation
Soils in areas to be sodded must be capable of supporting permanent vegetation and must consist of at
least 25 percent silt and clay to provide an adequate amount of moisture during establishment. An
excessive amount of porous sand will not consistently provide sufficient moisture for the sod regardless
of other soil factors.
 Compacted soils must be broken up sufficiently to create a favorable rooting depth of 6–8 inches.
 Stockpile topsoil to apply to sites that are otherwise unsuited for establishing vegetation.
 Grade as needed and feasible to permit the use of conventional equipment for the sod bed
preparation. After the grading operation, spread topsoil where needed.
Sod Bed Preparation
Before sodding, the soil surface must be cleared of all trash, debris, and large stones, and of all roots,
brush, and other objects that would interfere with the placing of the sod. Apply lime and fertilizer in
accordance with the soil test recommendations or manufacturer’s recommendations. This can reduce
expense of unneeded lime and fertilizer and potential excess nutrient loss through runoff and leaching.
After the lime and fertilizer have been applied and just before laying the sod, the soil in the area to be
sodded must be loosened to a depth of one inch. The soil must be thoroughly dampened immediately after
the sod is laid if it is not already in a moist condition.
Placing Sod
No sod should be placed when the temperature is below 32 °F. No frozen sod must be placed nor should
any sod be placed on frozen soil.
 Sod should be carefully placed and pressed together so it will be continuous without any voids
between the pieces. Stagger the joints between the ends of strips in a brick-like pattern. Ensure
that the edge of the sod at the outer edges of all gutters is sufficiently deep so that the surface
water will flow over onto the top of the sod.
 On gutter and channel sodding, carefully place the sod in rows or strips at right angles to the
centerline of the channel (i.e., at right angles to the direction of flow). On steep, graded channels,
stake each strip of sod with at least two wooden stakes not more than 18 inches apart. Drive the
stakes flush with the top of the sod and with the flat side against the slope.
 On slopes 3:1, or steeper, and where drainage into a sod gutter or channel is one-half acre or
larger, roll or tamp the sod and then peg chicken wire, jute, or other netting over the sod for
protection in the critical areas. Stake the netting and sod with at least two wooden stakes not more
than 18 inches apart. Drive the stakes with the flat side against the slope and on an angle toward

June 2010
Part 1.4 Soil Stabilization

36

Pulaski County Stormwater Management and Drainage Manual



the slope. Staple the netting on the side of each stake within 2 inches of the top of the stake, and
then drive the stake flush with the top of the sod.
The sod should be tamped or rolled after placing and then watered. Watering must consist of a
thorough soaking of the sod and of the sod bed to a depth of at least 4 inches. Maintain the sod in
a moist condition by watering for a period of 30 days.

Inspection and Maintenance
 Inspect sod twice a week after installation to check on moisture conditions and grass viability.
 Irrigate sod immediately after installation and every few days afterwards if no significant rainfall
occurs during the first 2 weeks. Soak the area thoroughly to a depth of 3 inches during irrigation.
 Where sod does not establish properly, remove the old sod and resod the area as soon as possible.
Identify the cause of the failure and correct it as soon as possible.
 Once established, initiate a regular maintenance program for fertilization (if needed) and mowing.
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Dust Control
Description/Purpose
Dust controls reduce windborne sediment and dust movement during land clearing, grading, excavation,
fill placement, demolition, and other construction activities.
The purpose of dust control is to prevent the airborne movement of sediments to offsite areas or onsite
areas without sediment control where they could subsequently be washed into surface waters. Dust
control should be planned in association with earthmoving or site grading activities and areas with
frequent construction traffic. Dust control measures for construction activities include windbreaks,
minimization of soil disturbance, tillage, and water spraying. While a number of temporary alternatives
exist for dust control, one option is to permanently modify the site to eliminate dust generation.
Modifications could include such measures as covering exposed areas with vegetation, stone, or concrete.
Advantages/Limitations
There are several advantages to using dust control measures.
 Dust control reduces the surface and air transport of dust, which minimizes pollutants from
infiltrating into the stormwater.
 Dust control methods are widely applicable to construction sites and easy to install and maintain.
 Most dust control methods are inexpensive, nonintrusive, and promote natural growth.
Some disadvantages to dust control can include the following:
 Some temporary dust controls must be reapplied or replenished regularly.
 Some controls are expensive, might be ineffective under certain conditions or have their own
associated impacts.
 Some dust control measures (i.e., windbreaks) can require land space that is not available at all
locations.
 If a chemical dust control treatment is over applied, excess chemicals could pollute runoff.
Design Criteria
Construction activities must be phased to minimize the total exposed soil area and the length of time bare
areas are exposed, thereby reducing erosion from air and water movement.
 Existing trees, shrubs, and ground cover must be retained as long as possible during construction.
Initial land clearing should be conducted only in those areas to be regraded or where construction
is to occur. Areas to be cleared only for new vegetation or landscaping must be stabilized with
seed or mulch or both immediately following clearing.
 Vegetative cover is the most effective means of dust and erosion control, when appropriate. See
sections on Temporary Seed, Permanent Seed, Mulch, and Sod in this Manual.
 When areas have been regraded or brought to final grade, stabilize them using temporary or
permanent seed and mulch or other measures.
 Use mulch with mulch binders as an interim dust control measure in areas where vegetation
might not be appropriate.
Construction/Installation Specifications
Construction roads should be watered as needed to minimize dust. Repeat applications will be necessary
during dry weather.
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Roughening the soil to create ridges perpendicular to the prevailing wind direction can reduce
surface wind velocities and sediment loss significantly. However, if winds shift to become
parallel to the ridges, blown sediment will increase.
Silt fences or board fencing that is perpendicular to the prevailing wind direction can also be used
to lower surface wind velocities and reduce airborne sediment problems. Fences do not have to be
trenched in, but might need to be 50–100 feet apart to appreciably reduce wind velocities.
See the sections on Temporary Seed, Permanent Seed, Sod, Mulch, and Construction Entrance.

Inspection and Maintenance
Observe the site daily for evidence of windblown dust, and take reasonable steps to reduce dust whenever
possible.
 When construction on a site is inactive for a period, stabilize the site with mulch or temporary
vegetation and inspect it at least weekly for evidence of dust emissions or previously windblown
sediments.
 Implement dust control measures or upgrade them if the site inspection shows evidence of wind
erosion.
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C. SLOPE PROTECTION
Construction and the disturbance of steep slopes create the potential for erosion and significant sediment
loadings in the absence of effective stabilization measures. Clearing and grading destroys vegetation, root
systems, and soil structure. Slopes steeper than 10 percent, or even flatter slopes with highly erodible
soils, typically require stabilization. The County’s ordinance defines high slope as a slope of more than
15 percent but less than 25 percent. A very high slope is a slope of equal to or greater than 25 percent. The
area and duration of disturbance on steep slopes should be minimized. Relatively flat areas—those with
slopes of 2 percent or less—can be treated to a large extent through controlled clearing and grading,
mulch, and temporary or permanent seed. Slopes greater than that, however, require more attention to
sheet runoff volume and the management of areas where flows converge and are transported to
downstream receiving waters. Sediment barriers, rolled erosion control products and greater attention to
downslope drainage are usually needed on slopes, especially those that are steep and long.
This section addresses erosion protection and sediment control approaches specifically for slopes. In
general slopes that are long (50 feet or more), steep (5 percent plus), and composed of highly erodible
(silty) soils require more protection than shorter, flatter slopes of less erodible soil. Slope protection
approaches discussed below include ECBs and TRMs, which can also be used for ditch protection,
surface roughening, slope drains, gabion structures, and cellular mats.
Slope Protection Basics
Protecting slopes from erosion requires several actions that must be taken together. No single approach
will be successful, especially if the slope is steep or has highly erodible soils. Use one or more of the
following actions to reduce erosion on slopes.
Divert upland runoff—Install a berm or channel above the slope to divert upland rain runoff around
the bare soil area or a stable ditch to move upland flows through the site without picking up additional
sediment.
Control slope runoff—If slopes are broken up into benches or steps, runoff can be collected and
diverted along berms or in channels to pipe or channel slope drains.
Till seedbed or condition the soil—Dozer tracks up and down slopes help hold soil in place.
Seed and mulch—This is the best and cheapest protection by far. See temporary and permanent
seeding Fact Sheets for details on seed types, application rates, and mulch, blanket, and mat products.
Silt fence or brush barrier—These should be installed at the toe of the slope, and every 75 to 125
feet apart on long slopes.
Retaining wall—Extremely steep slopes can be leveled out and shortened into two or more steps or
benches by installing retaining walls of rock, brick, block, wood, logs, or other material. If rock layers
are present along the slope, use them to establish firm benches in a stair-step pattern.
Blankets or armoring—Long slopes (greater than 100 feet) exceeding 3:1 with highly erodible soils
need to be protected with ECBs or TRMs. Rock mulch and lined downdrain channels might be
needed on steep slopes to control gullying.
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Silt Fence
Description/Purpose
A silt fence is a temporary sediment barrier consisting of filter fabric entrenched into the soil and attached
to supporting posts. Silt fences are downhill from bare soil areas and are installed with a trencher or by a
slicing machine to prevent against common silt fence failures.
Silt fences are common sediment control devices. Silt fencing should be installed where sediment-laden
water can pond, thus allowing the sediment to fall out of suspension and separate from the runoff. Runoff
will also bleed through the silt fence fabric, providing physical filtering for larger sediment particles.
Reasons for the high failure rate of improperly designed (located) and installed silt fences include
 Improper placement on the site
 Allowing excessive drainage area to the silt fence structure
 Shallow trenches with little or no soil compaction
 Inadequate attachment to posts
 Failure to maintain the silt fence after installation
 Installing the silt fence along property boundaries, producing concentrated runoff
The purpose of the silt fence is to reduce velocity of sheet flows and allow sediment to settle on the
upslope side of the silt fence. It also intercepts and effects deposition of transported sediment load from
disturbed areas during construction to prevent
sediment from leaving the site.
Advantages/Limitations
Silt fences are a widely used control measure
because of their ease of installation and availability
of materials and relatively low cost. They are
applicable in ditch lines, around drop inlets, and at
temporary locations where continuous construction
changes the earth contour and runoff characteristics
and for low or moderate flows. However, silt fences’
applicability is limited to situations in which only
sheet or overland flows are expected and are
ineffective against high flows. Silt fences must also
be removed from the site following final
stabilization.
Design Criteria
Figure 5. Use several short lengths of silt
Silt fencing must be installed only where water can
fence and J-hooks to intercept converging
runoff in critical areas. (KY BMP Manual, 2007)
pond. Specify silt fencing down gradient from bare
soil areas, installed on the contour if possible, with
the ends turned up to prevent bypassing. Provide adequate setbacks from slope toe for routine
maintenance and access. Silt fencing can be used where:
 Non-concentrated sheet flow will occur
 Protection of adjacent property or nearby surface waters is required
 The size of the drainage area is no more than 0.5 acre per 100 linear feet of silt fence
 The maximum allowable slope lengths contributing runoff to a silt fence are listed Table 2
 Reinforced silt fence must be required when the contributing slope is longer than 10 feet and
greater than 3 percent and the design life of the silt fence is greater than 6 months.
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Table 2. Silt fence slope criteria
Constructed Slope

Maximum Slope Length
(feet)

2:1

25

2.5:1

50

3:1

75

3.5:1

100

4:1

125

Flatter than 5:1

200

Silt fencing should not be used:
 Around the perimeter of the construction site, unless J-hooks are used. Long continuous runs of
silt fence will divert and concentrate sediment-laden runoff and almost certainly result in failure.
 In ditches, channels, or streams. Silt fences cannot handle the volumes generated by concentrated
channel flows. When installed across a concentrated flow path, undercutting or end cutting of the
fence often occurs, or the fence is pushed over by the force of the flow.

Figure 6. Illustration of proper technique to
use in installing a silt fence. (USEPA, 2007)

Construction/Installation Specifications
Silt fences have a useful life of one season. Their principal mode of action is to slow and pond the water
and allow soil particles to settle with some minor filtration through the fabric. Silt fences are not designed
to withstand high heads of water and, therefore, should be located where only shallow pools (i.e., 1.5 feet
or less) can form. Their use is limited to situations in which sheet or overland flows are expected.
 The height of a silt fence must not exceed 36 inches.
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Dig a trench on the contour at least 6 inches wide and 6 inches deep below the area to be treated.
Turn fence ends uphill to trap potential bypasses as needed.
The filter fabric must be purchased in a continuous roll cut to the length of the barrier to avoid the
use of joints. When joints are necessary, the filter fabric should be attached to two separate posts,
the posts twisted around one another to create the joint, and then the fabric secured with staples or
nails.
If posts are already attached to fabric, position
the fencing so the posts are installed on the
downhill side of the fabric. Drive posts to a
depth of 1 foot below the bottom of the trench,
against the downslope trench wall for extra
support. Posts for all silt fencing are spaced a
maximum of 10 feet apart. When extra strength
fabric is used without the wire support fence,
post spacing must not exceed 6 feet.
When standard strength filter fabric is used, a
wire mesh support fence must be fastened
securely to the downslope side of the posts
using heavy-duty wire staples at least 1 inch
long. The wire must extend into the trench a
minimum of 2 inches and must not extend more
than 36 inches above the original ground
surface.
Figure 7. Install silt fence on the contour, with
the ends turned uphill to trap muddy runoff and
The standard strength filter fabric must be
to prevent bypasses. (KY BMP Manual, 2007)
stapled or wired to the fence, and 8 inches of
fabric must be extended into the trench. The fabric must not extend more than 36 inches above
the original ground surface. Filter fabric must not be fastened to existing trees.
When extra strength filter fabric and closer post spacing are used, the wire mesh support fence
may be eliminated. In such a case, the filter fabric is stapled or wired directly to the posts.
Push fabric into the trench, and spread fabric along trench bottom and sides; backfill the trench
and compact the soil. A preferred installation technique in deep, easily worked soils with minimal
rock content involves static slicing of the fence into the ground with a chisel-plow implement.

Inspection and Maintenance
All sediment barriers should be placed downgradient from bare areas to be treated. The ends of the
barriers should be turned uphill or otherwise configured to prevent end-around bypasses.
 Silt fences and filter barriers must be inspected after each storm event and at least daily during
prolonged rainfall. Any required repairs must be made immediately.
 Should the fabric on a silt fence or filter barrier decompose or become ineffective before the end
of the expected usable life, the fabric must be replaced promptly.
 Sediment should be removed when it reaches one-half the height of the fence or after each storm
event.
 The removed sediment must be spread and vegetated or otherwise stabilized so that it does not
result in muddy runoff to nearby ditches or surface waters.
 Silt fences must be removed when they have served their useful purpose but not before the
upslope area has been permanently stabilized (e.g., vegetated) and any sediment stored behind the
silt fence has been removed. Silt fences and other temporary controls must be removed before
project close-out.
 Any sediment deposits remaining in place after the silt fence is no longer required must be
dressed to conform to the existing grade, prepared, and seeded.
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Brush, Rock, and Other Sediment Barriers
Description/Purpose
Sediment barriers are a temporary structure used to reduce the quantity of sediment leaving the
construction site. Brush, rock, and other commercial barriers can be used as a temporary sediment barrier
instead of a silt fence.
The purpose of any sediment barrier is to intercept runoff from upslope areas to form ponds that
temporarily store runoff and allow sediment to settle out of the water and stay on the construction site.
Barriers can also prevent sheet erosion by decreasing the velocity of the runoff.
Advantages/Limitations
Sediment barriers are a widely used control measure due to their ease of installation and availability of
materials and relatively low cost. They are applicable in ditch lines, around drop inlets, and at temporary
locations where continuous construction changes the earth contour and runoff characteristics and for low
or moderate flows. However, sediment barriers have their applicability limited to situations in which only
sheet or overland flows are expected and are ineffective against high flows. These temporary sediment
barriers must also be removed from the site following final stabilization.
Design Criteria
Sediment barriers should be installed where non-concentrated sheet flow will occur. They should not be
used in ditches, channels, or streams. Sediment barriers are usually placed a few feet beyond the toe of a
slope or across long slopes at specific intervals. When placing sediment barriers, consider materials on
hand that might be used (e.g., brush cleared from the site, shot rock) during initial clearing and grading
work. Silt fences or commercial sediment barrier products should be sited far enough away from the toe
of the slope to allow for maintenance (i.e., access by a small loader, truck). There are several other factors
to consider in placing silt fences, rock sediment filters, or other commercial sediment barriers:
 Place filters on downhill edge of bare soil areas
 Make sure the filter catches all the muddy runoff
 Turn the ends of the barrier uphill to prevent bypasses
 The goal is to pond runoff, to filter and settle it out
 Install multiple sediment filters on long slopes
 Put filters across slopes, on the contour (level)
Placement criteria are similar to those specified for silt fences (see the preceding section).
Construction/Installation Specifications
Brush cleared from the site can make an excellent sediment filter if it is properly placed and built-up well.
Brush barriers are installed at the time of clearing and grubbing and consist of brush, limbs, root mat,
weeds, vines, soil, rock, and timber. The barrier must be constructed by pulling material from the clearing
process into a mounded row on the contour. The height and width of the barrier can range 2–5 feet high
and 4–10 feet wide at the base.
A rock berm can also provide an effective and low-maintenance sediment barrier. Rock berms placed in
concentrated flow areas function as temporary sediment traps. Longer rock berms constructed as sheet
runoff sediment barriers should be 18 inches to 30 inches in height and consist of stone 2–6 inches in
diameter.
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Fiber rolls and other commercial products made from coconut fiber, plastic, wood shavings, compost, or
other material can also be used as sediment barriers on flatter slopes. Follow manufacturers’ installation
instructions and ensure that sediment filter spacing on slopes is correct.
For information on locating and installing rock or commercial barriers, see construction specifications for
silt fences in the preceding section.

Figure 8. Illustration of a fiber roll
installation along a slope. (USEPA, 2007)

Inspection and Maintenance
Sediment barriers should be inspected weekly and after each storm event. Look for signs of bypassing
along the sides, undercutting below the barrier, overtopping, or blowout. Make required repairs
immediately. For recurring blowouts, consider pulling some upland muddy flow away and trapping it
before it can reach the blowout area. Use a J-hook or other strategically placed barrier.
Remove sediment when it reaches half the height of the barrier. Spread the removed sediment and
vegetate or otherwise stabilize it. Remove sediment barriers when they have served their useful purpose
but not before the upslope area has been permanently stabilized (i.e., vegetated or otherwise covered) and
any sediment stored behind the barrier has been removed.
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Erosion Control Blankets and Turf Reinforcement Mats
Description/Purpose
Temporary erosion control blankets (ECBs) and permanent turf reinforcement mats (TRMs) are
biodegradable or synthetic blankets that are used for temporary or permanent stabilization of disturbed
areas. ECBs are used to temporarily stabilize and protect disturbed soil from raindrop impact and surface
erosion, to increase infiltration, decrease compaction and soil crusting, and to conserve soil moisture.
Mulching with ECBs will increase the germination rates for grasses and legumes and promote vegetation
establishment. ECBs also protect seeds from predators; reduce desiccation and evaporation by insulating
the soil and seed environment.
Some types of ECBs and TRMs are specifically designed to stabilize channelized flow areas. These
blankets and mats can help establish vegetation in waterways and increase the maximum permissible
velocity of the given channel by reinforcing the soil and vegetation to resist the forces of erosion during
runoff events. The vegetation’s stems, roots and rhizomes become intertwined with the mat, reinforcing
the vegetation and anchoring the mat.

Figure 9. Illustration of erosion control blankets installed on a
slope. (USEPA, 2007)

Advantages/Limitations
While ECBs and mats are easy to install, biodegradable, and effective in reducing erosion and enhancing
vegetative growth, they are typically more expensive than other erosion control measures because of high
material and labor costs. Additionally, blankets and mats are not suitable for rocky sites.
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Design Criteria
Select the ECB or TRM according to slope steepness, length, flow velocities, cost, ease of installation,
type of soils, and expected sheer stress if application is to a flow channel or ditch. If the area will be
mowed eventually, consider the specified breakdown time for ECB plastic netting. TRM areas should not
be mowed until vegetation is well established, and then as little (or as high) as possible. An ECB or mat
should be used in all drainage channels with slopes of 2 percent or more, and in the following conditions:
 Slopes and disturbed soils where mulch must be anchored and other methods such as crimping or
tackifying are neither feasible nor adequate
 Steep, long slopes, generally steeper than 3:1 and longer than 50 feet
 Slopes where erosion hazards are high
 Critical slopes adjacent to sensitive areas such as streams and wetlands
 Disturbed soil areas where planting is likely to be slow in providing adequate protective cover
Construction/Installation Specifications
ECBs and TRMs are designed to cover germinating seed and provide a protective matrix that helps
anchor seed to the underlying soil. (Note: a few TRMs have seed embedded in the mat.) This requires
complete, uniform contact with the soil, solid stapling, and attention to topslope anchoring, overlaps, and
other installation details, as noted below.
Installation of ECBs and TRMs must be in accordance with the manufacturer’s recommendations.
Site Preparation
Proper site preparation is essential to ensure complete contact of the protection matting with the soil.
 Grade and shape the area of installation
 Remove all rocks, roots, clods, vegetative, or other obstructions so that the installed blankets or
mats will have direct contact with the soil
 Prepare seedbed in accordance with temporary or permanent seeding practices
 Incorporate amendments such as lime and fertilizer into soil according to soil test and the seeding
plan
Seeding
Seeding must be done in accordance with temporary or permanent seeding practices or according to ECB
or TRM manufacture recommendations.
Anchoring
U-shaped wire staples, metal geotextile stake pins, or
triangular wooden stakes can be used to anchor ECBs and
TRMs to the ground surface. All anchors should be 6–8
inches long and have sufficient ground penetration to
resist pullout. Longer anchors might be required for loose
soils. Use biodegradable composite or wooden stakes
where dislodged metal staples or stakes might cause
extreme hazards, such as near airport runways or areas
where future mowing might cause risk.
Figure 10. Install blankets and mats vertically
on long slopes. Follow manufacturer’s
Installation on Slopes
directions regarding stapling and slope
Begin at the top of the slope and anchor the blanket in a
limitations. (KY BMP Manual, 2007)
6-inch deep by 6-inch wide trench. Backfill trench and
tamp earth firmly.
 Unroll blanket downslope in the direction of the water flow.
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Overlap the edges of adjacent parallel rolls at least 3 inches and staple the overlapped area at least
every 3 feet.
When blankets must be spliced, place uphill blanket end over downhill blanket (shingle style)
with 6-inch overlap. Staple through overlapped area, approximately 12 inches apart.
Lay blankets and mats loosely and maintain direct contact with the soil—do not stretch. Ensure
good, consistent, direct soil contact.
Anchor ECBs and TRMs sufficiently to ensure contact with the soil.

Installation in ditches and channels
Installation should be done in accordance with the
manufacturer’s recommendations. Dig initial anchor
trench 12 inches deep and 6 inches wide across the
channel (i.e., parallel to the flow direction) at the
lower end of the project area.
 In channels, the blanket must be buried at
terminal ends and at every 25- to 30-foot
interval in a 12-inch deep and 6-inch wide
trench.
 Before backfilling, staples must be placed
across the width of the trench. The trench
should be backfilled to grade and compacted
Figure 11. Illustration of ditch installation
by foot tamping.
for blanket or mat. (KY BMP Manual, 2007)
 The ECB or TRM must be unrolled in the
direction of flow with edges overlapped a
minimum of 3–4 inches and end of rolls overlapped a minimum of 6 inches.
 Anchors for the TRM should be per manufacturer’s recommendations for the application.
 The ERB and TRM should extend 2 feet minimum above the design maximum flow line in
ditches and channels.
 Anchor, fill, and compact the upstream end of the mat in a 12-inch by 6-inch terminal trench.
 Secure the mat to the ground using U-shaped wire staples, geotextile pins, or wooden stakes.
 Seed and fill the TRM with soil, if specified.
 After seeding, spread and lightly rake one-half to three-quarter inch of fine topsoil into the mat
apertures to completely fill the mat thickness. Use the backside of a rake or other flat implement.
Spread topsoil using lightweight loader, backhoe, or other power equipment. Avoid making sharp
turns with the equipment.
 Do not drive tracked or heavy equipment over the mat. Avoid any traffic over the matting if loose
or wet soil conditions exist.
 Use shovels, rakes or brooms for fine grading and touch up. Smooth out soil filling, just exposing
the top netting of matrix.
Inspection and Maintenance
All blankets and mats should be inspected periodically following installation.
 Inspect installation after significant storm events to check for erosion and undermining. Any
failure should be repaired immediately.
 If washout or breakage occurs, reinstall the material after repairing the damage to the slope or
drainageway.
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Temporary Slope Drains
Description/Purpose
A temporary slope drain is a pipe or lined (TRM,
rock, or concrete) ditch, channel, or other conduit
extending from the top to the bottom of a cut or fill
slope during the construction period.
Temporary slope drains serve to convey
concentrated runoff down the face of a cut or fill
slope without causing erosion. They are generally
used in conjunction with diversions to convey
runoff down a slope until permanent water
management measures can be installed.
Advantages/Limitations
Temporary slope drains can be a highly effective
method for transporting runoff down a disturbed
slope with minimal erosion and are easily
constructed. Typically materials used to construct
Figure 12. Illustration of a rock-lined slope
the pipe drain can be reused. However, the area
drain. (KY BMP Manual, 2007)
around the drain inlet must be carefully constructed to
prevent water from flowing along the pipe, and breaching the diversion. The drain must also be
discharged to a stable area, or outlet protection must be provided.
Design Criteria
Use the design criteria below for both pipe and channel slope drains. For channels, for information on
lining temporary and permanent slope drains constructed as open conveyances, see the section on
Channels and Ditches.
General
It is very important that these temporary structures be sized, installed, and maintained properly, because
their failure will usually result in severe erosion of the slope. The entrance section to the drain should be
well entrenched, staked down, and stable so that surface water can enter freely. The drain should extend
downslope beyond the toe of the slope to a stable area or appropriately stabilized outlet.
Pipe capacity
The pipe should be able to handle peak flow from the 10-year, 24-hour storm. Use 10-inch diameter or
larger pipe to convey runoff from areas up to one-third acre; 12-inch or larger pipe for up to half-acre
drainage areas, and 18-inch pipe for areas up to one acre. Multiple pipes or channels are often required for
large areas, spaced as needed.
Conduit
Construct the slope drain pipes from heavy-duty, flexible materials such as non-perforated, corrugated
plastic pipe, or open top overside drains with tapered inlets, or corrugated metal pipe. Install reinforced,
hold-down grommets or stakes to anchor the conduit at intervals not to exceed 10 feet with the outlet end
securely fastened in place. Corrugated metal or plastic pipe must have one anchor assembly for every 20
feet of slope drain. The conduit must extend beyond the toe of the slope.
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Entrance
Construct the entrance to the slope drain of a standard
flared-inlet section of pipe with a minimum 6-inch metal
toe plate. Make all fittings watertight. A standard T-section
fitting can also be used at the inlet. An open top flared inlet
for an oversize drain can also be used.
Temporary diversion
Generally, use an earthen diversion with a dike ridge or
berm to direct surface runoff into the temporary slope
drain. Make the height of the ridge over the drain conduit a
minimum of 1.5 feet and at least 6 inches higher than the
adjoining ridge on either side. The lowest point of the
diversion ridge should be a minimum of 1 foot above the
top of the drain so that design flow can freely enter the
pipe.

Figure 13. Illustration of a staked down
plastic pipe. (KY BMP Manual, 2007)

Outlet protection
Protect the outlet of the slope drain from erosion with an energy dissipator. (i.e., rock apron or other
armoring).

Construction/Installation Specifications
A common failure of slope drains is caused by water saturating the soil and seeping along the pipe. Proper
backfilling around and under the pipe haunches with stable soil material and hand-compacting in 6-inch
lifts to achieve firm contact between the pipe and the soil at all points will reduce this type of failure.
 Place slope drains on undisturbed soil or well-compacted fill at locations and elevations shown on
the plans.
 Slightly slope the section of pipe under the dike toward its outlet.
 Compact the soil under and around the entrance section in lifts not to exceed 6 inches.
 Ensure that fill over the drain at the top of the slope has a minimum depth of 1.5 feet and a
minimum top width of 4 feet. The sides should have a 3:1 slope.
 Ensure that all slope drain connections are watertight.
 Ensure that all fill material is well compacted. Securely fasten the exposed section of the drain
with grommets or stakes spaced no more than 10 feet apart.
 Extend the drain beyond the toe of the slope and adequately protect the outlet from erosion.
 Make the settled, compacted dike ridge no less than 1 foot higher than the top of the pipe inlet.
Immediately stabilize all disturbed areas following construction.
Inspection and Maintenance
 Inspect before and after each storm event, and twice monthly until the contributing drainage area
has been stabilized.
 Inspect outlet for erosion and downstream scour. If eroded, repair damage and install additional
energy dissipation measures. If downstream scour is occurring, it might be necessary to reduce
flows being discharged in the channel unless other preventative measures are implemented.
 Inspect slope drainage for accumulations of debris and sediment and remove built-up sediment
from inlets and outlets.
 When the protected area has been permanently stabilized, temporary measures can be removed,
materials disposed of properly, and all disturbed areas stabilized appropriately.
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Gabion Baskets and Mattresses
Description/Purpose
Gabions are rectangular galvanized wire baskets filled with stones used as pervious, semiflexible building
blocks for slope and channel stabilization. Live rooting branches can be placed between the rock-filled
baskets.
Gabions protect slopes and streambanks from the erosive forces of moving water. Rock-filled gabion
baskets or mattresses can be used as retaining walls for slopes, to armor the banks of channels, or to divert
flow away from eroding channel sections. Rock-filled or vegetated rock gabions are used on streambank
sections subject to excessive erosion because of increased flows or disturbance during construction.
Gabions can be specified where flow velocities exceed 6 feet per second and where vegetative
streambank protection alone is not sufficient. Gabions can be used to construct deflectors or groins
intended to divert flow away from eroding streambank sections. Gabions are also used to construct
retaining walls and grade control structures. Gabion walls are appropriate where
 An excessively steep streambank must be stabilized, and vegetative or extreme mechanical means
of stabilization (i.e., pulling back bank) are not feasible because of site conditions.
 The vertical integrity of a soil bank needs a higher tensile strength to reduce sloughing of the
streambank.
 There is moderate to excessive subsurface water movements that could be creating erosion and
damaging other types of nonpermeable structures.
 The slope must be modified while heavy machinery is unavailable to the site.
 Fill must be disposed of along an eroding streambank (fill can be placed behind gabion to modify
slope).
 A retaining or toe wall is needed to stabilize the slope.
 Rock riprap is an appropriate practice, but the available or desired rock size (smaller) is not
sufficient alone to resist the expected shear stress exerted on the revetment.
Gabions allow the use of a smaller size rock than would be possible without the wire baskets because the
rock is bound by the wire mesh, creating a more monolithic structure.
Any work in a streambed, even an intermittent stream, may require at minimum a review by ADEQ.
Designers should review the “physical alteration” portion of Regulation #2, Arkansas Water Quality
Standards.
Advantages/Limitations
Materials costs and professional design requirements could make use of gabions impractical. Gabions can
alter stream dynamics or adversely affect wildlife habitat. When used in channels with high-sediment
loads, the galvanizing wire on the cages quickly wears off, causing rusting and the premature failure of
the cages.
Design Criteria
There are several types of gabion structures and applications useful on construction sites, as summarized
below. Gabion structures are not recommended for steeply sloping channels where rock or high volumes
of gravel sediment move at high velocity in the channel bed because of the possibility of damage to the
wire mesh and failure of the basket or mattress structure.
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Gabion wall
A gravity wall that relies on its own weight and frictional resistance to resist sliding and overturning from
lateral earth pressure.
Vegetated rock gabion
A rock-filled gabion earth retaining structure that has live branches placed between each consecutive
layer of rock-filled baskets. The live branches will take root inside the gabion and into the soil behind the
structure. The vegetation will consolidate and bind it to the slope.
Gabion deflector
Deflectors or groins project into the streams and divert flows away from eroding streambank sections.
Gabion aprons
Rock-filled gabions or gabion mattress used as outlet protection, energy dissipators, or spillways. These
semiflexible gabions are designed to settle without fracturing and adhere to the ground if scour occurs.
Grade control
Drop structures or weirs. Gabion baskets and mattresses can be combined to construct check dams or
weirs.
Channel lining
Gabion mattresses can be used to line channels. The lining thickness depends on many factors such as the
type of rock, design flow velocity, sediment and bedload, and channel gradient.
Gabion mattresses—Also referred to as Reno mattresses or revet mattresses; gabion mattresses are not as
thick as gabions, usually one-half, three-quarters, or 1 foot thick. Gabion mattresses are used to line
channels, armor streambanks and slopes, and are used with gabions for grade-control structures (spillways
or aprons). Gabions and gabion mattresses are often preferable to rock riprap alone. For any given
hydraulic condition, the gabion or gabion mattress revetment thickness is one-third of an equivalent riprap
design. Gabions and gabion mattresses are flexible and free draining, thus allowing some soil settling.
They can be used in unstable streambeds and streambanks.
Choose the dimensions of the gabions or combination of gabions to meet the design requirement site
conditions.
 Gabions should be fabricated in such a manner that the sides, ends, lids, and diaphragms can be
assembled at the construction site into a rectangular basket of required sizes. Gabions should be
of single unit construction. The base, ends, and sides should either be woven into a single unit, or
one edge of these members connected to the base section of the gabion in such a manner that
strength and flexibility at the point of connection is at least equal to that of the mesh.
 Where the length of the gabion exceeds its horizontal width, the gabion should be equally divided
by diaphragms, of the same mesh and gage as the body of the gabions, into cells whose length
does not exceed the horizontal width. The gabion should be furnished with the necessary
diaphragms secured in proper position on the base section in such a manner that no additional
tying at this juncture will be necessary.
 All perimeter edges should be securely bound as a selvedge so that the joints formed by tying the
selvedges have the same strength as the body of the mesh.
 The fill material for the wire gabions should be rock ranging in size from a minimum of 4 inches
to a maximum of 8 inches, both measured in the greatest dimension. Rock should be sound,
durable, well-graded, and should be obtained from a source approved in the site plans.
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Construction/Installation Specifications
Install gabions in accordance with manufacturer’s standards and specifications.
 Empty gabion baskets should be placed on a smooth, firm foundation excavated as directed by the
plans. Each row, tier, or layer of baskets should be reasonably straight and should conform to the
line and grade shown on the plans or established by the project engineer. The empty gabion
baskets should be fastened to the adjacent baskets along the top and vertical edges. Each layer
should be fastened to the underlying layer along the front, back and ends. Fastening should be
performed in the same manner as provided for assembling the gabion units.
 Unless otherwise indicated on the plans, the vertical joints between basket units of adjacent tiers
or layers along the length of the structure should be staggered by at least one cell.
 Before filling each gabion with rock, all kinks and folds in the wire mesh should be removed and
all baskets should be properly aligned. A standard fence stretcher, chain fall or steel rod, can be
used to stretch the wire baskets and hold alignment.
 The gabion cells should be carefully filled with rock placed by hand/machine in such a manner
that the alignment of the structure will be maintained and to avoid bulges and to minimize voids.
All exposed rock surface should have a reasonably smooth and neat appearance. No sharp rock
edges should project through the wire mesh.
 The gabion cells in any row or layer should be filled in stages so that local deformations can be
avoided. At no time should any cell be filled to a depth exceeding 12 inches more than any
adjacent cell.
 The layer of rock should completely fill the gabion basket so that the lid will bear on the rock
when it is secured. The lid should be joined to the sides, ends, and diaphragms in the same
manner as specified for joining the vertical edges. The gabion basket lid should be secured so that
no more than a 1-inch gap remains at any connection.
 Gabion rows or layers not completed at the end of each shift should have the last gabion filled
with rock tied internally as an end gabion.
 The area behind the gabion structure should be backfilled with granular material. Geotextile, if
required, should be spread uniformly over the back of the gabion structure as shown on the plans.
Inspection and Maintenance
Inspection of construction methods during the gabion assembly, placement, and fill process will help
ensure that the structure performs as intended. All structures should be maintained in an as built
condition. Structural damage caused by storm events should be repaired as soon as possible to prevent
further damage to the structure or erosion of the streambank.
During inspection, look for undercutting, bypassing, or other flow-related erosion problems. Check to
ensure that basket wiring is adequate, and components are not separating (i.e., sidewalls becoming
detached). Repair baskets that appear to be splitting; use rock or other armoring to repair eroded areas.
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Cellular Confinement Systems
Description/Purpose
A cellular confinement system (CCS) is a three-dimensional, honeycombed sheet, mat, or interlocking
structure made of high-density polyethylene strips. They can be filled with soil and planted with
vegetation used to stabilize the surface of earthen cut and fill slopes.
CCSs are permanent erosion control practices intended to stabilize infill materials for slope and channel
protection, load support, and earth retention applications. The expandable panels create a cellular system
that confines topsoil infill, protects and reinforces the plant’s root zone, and permits infiltration and
natural subsurface drainage. The honeycomb-shaped cells encapsulate and prevent erosion of the infill
material. The CCSs are used for
 Revetments—Filling the cells with topsoil or rock and vegetation can provide an alternative to
hard armor revetment systems.
 Erosion control on steep slopes—Cells can be filled with soil and vegetated or filled with
granular materials. Slopes as steep as 1:1 can be treated with CCSs. Application on steep slopes
could require tendons for system stability and security against sliding.
 Flexible channel lining systems—either vegetated or rock filled.
 Road stabilization—cells confine and reinforce select fill materials, thereby increasing loadbearing capacities. Creates a porous pavement system with aggregate or topsoil/vegetation infill.
 Temporary low-water stream crossings.
Advantages/Limitations
Advantages of CCSs include
 Once expanded to its maximum extension and filled in with soil or gravel the CCS becomes
inextensible and monolithic, providing an effective means of confinement for unconsolidated
materials lying within single cells and preventing their movement even on steep slopes, or also
from substantial dragging forces such as those exerted by sheet runoff.
 Reduces runoff and sediment transport by confining soils within geocells.
 Improves soil structure and increases load support.
 Possible alternative to removal/replacement of soft, poor soils along temporary access road routes
and storage/parking areas.
 Reduce formation of rills, gullies, and channels.
 Lightweight and easy to transport.
 For slope stabilization, CCSs can be vegetated and thus serve both as a temporary and permanent
BMP.
Limitations of CCSs include the following:
 For slope stabilization applications, CCSs are more expensive than other erosion control
measures because of labor and material costs. Typically this system is used as a permanent slope
soil stabilization BMP in areas where other BMPs are not appropriate.
 Not suitable for temporary use as channel slope protection in channelized flow conditions with
moderate to high velocities (greater than 4–6 feet per second), particularly when using soil infill.
Permanent applications of CCSs in channelized flow conditions might be acceptable when
appropriately designed.
 Not suitable for temporary ford-type stream crossings during rainy season or in perennial streams.
CCSs must be removed from stream upon completion of construction.
 Not to be used on solid rock slopes. Maximum slope 1:1.
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Fill material within cells can be washed out in steep slope application if temporary cover with an
SS-7 Rolled Erosion Control Product is not provided.
Erosion control effectiveness is highly dependent on proper installation. Requires proper pins and
anchors to secure in place. If there is a long slope upstream, a diversion ditch is recommended
upslope of the CCS.
Typically it is not cost effective to reuse CCSs because the majority of the installation cost
consists of equipment and labor.

Design Criteria
There are several types of CCS products and applications useful on construction sites. They have variable
cell sizes and mat dimensions and the selection of the CCS should meet the design requirements for the
site conditions. CCSs are used for
Revetments
Filling the cells with topsoil or rock, and vegetation can provide an alternative to hard armor revetment
systems.
Erosion control on steep slopes
Cells can be filled with soil and vegetated or filled with granular materials. Slopes as steep as 1:1 can be
treated with CCSs. Application on steep slopes could require tendons for system stability and security
against sliding.
Flexible channel lining systems
Either vegetated or rock filled.
Road stabilization
Cells confine and reinforce select fill materials, thereby increasing load-bearing capacities. Creates a
porous pavement system with aggregate or topsoil/vegetation infill.
Temporary low-water stream crossings
Cells can be filled with rock to be used as stream crossings and relatively little rock or gravel is needed
because the CCS provides adequate stability.
Construction/Installation Specifications
Site Preparation
 The surface of the slope should be leveled, with stones and debris removed. Gullies should be
filled and well compacted. Major obstacles such as boulders can be left in place. Simply cut out
panels around them.
 Following excavation and fill placement operations, shape and compact the subgrade surfaces to
the designed elevations and grades.
 Excavate the area so that when CCSs are installed, the top of the section is flush with or slightly
lower than the adjacent terrain or final grade.
 Remove unstable subgrade soils when required and install geotextile underliner if specified.
Installation
Follow manufacturer’s instructions regarding application type, slope limits, installation procedure,
appropriate fill material, and so on.
 Anchor the CCS sections at the top of the slope across a 2- to 4-foot ledge. Expand and stretch the
CCS down the slopes.
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The type of anchors and frequency of anchoring will depend on site conditions.
Typically, every other cell across the top section is anchored with J-pins or other suitable anchor
devices. This anchoring pattern is repeated every 6 feet down the slope.
The cells should be anchored securely to prevent deformation of the panel while backfilling.
Depending on the slope angle and fill soils involved, intermediate anchorage will be necessary on
some interior cells to limit sideways deformation, ensure stability, and avoid overloading the
upper sections.
Additional panels are abutted together and joined with staples, hog rings, or other suitable
fasteners.

Infill Placement
Place the fill material in the expanded cells with suitable equipment such as a backhoe, front-end loader
or conveyer.
 Limit drop height to 3 feet to reduce crushing force on cell material.
 On steep slopes, infill from the crest to the toe to prevent CCS displacement and deformation.
 Overfilling and compacting of infill depend on the type and consistency of material and the depth
of the cells.
Inspection and Maintenance
Inspect slope periodically and after significant rainstorms to check for erosion. Any failure should be
repaired immediately. If vegetation has not been established, fertilize and reseed damaged and sparse
areas immediately.
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D. DRAINAGE SYSTEM CONTROLS
General Information
Construction site ditches, curb inlets, drop inlets, inlets to culverts, and other areas where muddy runoff
flows toward the stormwater conveyance system need to be protected. Ditches are protected with a variety
of liners: grass-seeded TRMs, riprap, gabions, pavement, or other material as appropriate. The long-term
management of ditches and channels as stable, vegetated, natural drainage systems with native vegetation
buffers is highly recommended because of the inherent stability offered by grasses, shrubs, trees, and
other vegetation; greater visual and other aesthetic benefits provided by native plant buffers; and higher
habitat and property values.
Ditches and Channels
During the construction phase, ditches and channels with gently sloping bottoms (less than 3 percent) can
be stabilized with thick grass seedings and ECBs if needed. Moderately sloping channels (3–6 percent
slopes) will likely require TRMs and perhaps riprap if soils have high silt content. Steeply sloping
channels (greater than 10 percent) need heavier armoring with concrete, riprap, gabions, geogrid, grade
control structures, or other measures.
Silty soils are the most erodible, and clay is the least erodible. Steeper ditches and channels and those
with highly erodible soils need more protection. Ditch or channel bank slopes should not exceed 2:1. If
tractor mowers or other equipment will cross channels in the future, bank slopes should be 3:1 or flatter.
Ditches and channels must be constructed and stabilized as soon as possible or before the channel
receives incoming flows.
Culvert Inlets and Outlets
The basic approach for inlet protection is to create or install a structure that ponds or filters the flow,
which facilitates sediment removal through settling or physical filtration. Outlet protection involves
erosion prevention in the receiving ditch, channel, pond, or other area, so that high-flow scour forces can
be dissipated before localized erosion occurs.
A wide variety of ditch protection and ponding or filtration products have been developed for
construction site applications. These products can provide excellent performance if used correctly, but
often they are installed improperly, not maintained, or otherwise misused. Following the manufacturer’s
instructions is essential when using commercial products.
The following sections describe both rock and commercial ditch, inlet, and outlet protection approaches
and devices. Rock of various sizes is often used to stabilize ditches, construct inlet ponding dams, and
armor pipe outlets to dissipate erosive flows. Commercial products are also gaining in popularity and
some (e.g., gravel-filled bags, commercial sediment dams, filter bags) can often be reused if care is taken
to protect them from vehicles and equipment during construction.
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Curb Inlet Sediment Barrier
Description/Purpose
Curb inlet sediment barriers are temporary dikes or barriers constructed from concrete block, gravel,
gravel-filled fiber bags, filter fabric, or other material. These barriers are intended to reduce the rate at
which sediment-laden water is discharged into storm drains by ponding the runoff and allowing the
sediment to settle out. This method will keep sediment from being transported to receiving waters and can
prevent clogging of the storm sewer system. The structures allow for overflow from high runoff events,
and the gravel allows the area to dewater rapidly.
All inlet dams and filters are intended to provide temporary treatment (i.e., until the upslope catchment
area is vegetated or otherwise stabilized). A feature in using inlet protection devices is to minimize the
length of time they are needed by getting the upstream area to final grade and seeding and mulching as
soon as possible.

Figure 14. Illustration of a storm drain inlet with
rock-filled bags filtering sediment. (USEPA, 2007)

Advantages/Limitations
Curb inlet sediment barriers are inexpensive and easy to construct and can also reduce the amount of
course- and medium-size sediment leaving the construction site. However, maintenance for these various
types of inlets is often difficult, and the inlets can become clogged causing erosion or polluted runoff.
Curb inlet sediment barriers are generally not very effective at filtering fine sediment or large loads of
sediment and should be used in conjunction with other treatment options.
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Design Criteria
Several types of sediment barriers and applications are useful on construction sites, as summarized below.
The barriers should be used only in locations on gently sloping, paved streets where water can pond and
allow sediment to separate out of suspension and runoff is relatively low, less than 0.5 cubic feet per
second.
 Curb inlet protection should be installed immediately after storm sewer inlet installation.
 Erosion control practices should be used upstream to limit sediment movement from disturbed
areas.
 Curb inlet protection might need to be removed during various phases of construction but should
be replaced as soon as practical.
 Curb inlet protection should be left in place until the drainage area has been permanently
stabilized.
Once the small catchment areas behind the fiber bags or block and gravel fill with sediment, future
sediment-laden runoff will enter the storm drain without being treated. Therefore, sediment must be
removed from these structures after each storm. Additional storage can be obtained by constructing a
series of sandbag barriers along the gutter so that each barrier traps small amounts of sediment.
Construction/Installation Specifications
General
Performance of the curb inlet sediment barriers depends on proper installation and proper use of
materials. Materials used in the design of the sediment barrier should be checked for conformance with
applicable specifications.
Place the barriers on gently sloping streets where water can pond. Ponding is necessary for removing
sediment from runoff and should be used in conjunction with curb inlet protection. Note that devices
placed in the roadway or that cause ponding on roads open to traffic could present a safety hazard; if that
will be a problem, use filters with frames that lay against the curb, drop inlet filter bags, or other lowprofile devices.
The barriers should be designed to allow for overflow from a severe storm event. Slope runoff must be
allowed to flow over blocks and gravel and not be bypassed over the curb. A spillway must be
constructed with dike structures to allow overflow.
Geotextile Sediment Barrier
If using fiber bags filled with gravel, the bag should be of woven-type geotextile fabric, such as
polypropylene, polyethylene, polyester, or polyamide, because burlap bags deteriorate rapidly. The bags
must be filled with three-quarter-inch drain rock or one-quarter-inch pea gravel. Fill fiber bags just over
halfway so they can be packed tightly together without large gaps.
The fiber bags must be placed in a curved row from the top of the curb at least 1 foot around the storm
drain inlet. The row should be curved at the ends, pointing uphill, and be tied into the curbing to prevent
bypasses. Several layers of bags should be overlapped and packed tightly. Leave a one-sandbag gap in the
top row to act as a spillway.
Block and Gravel Curb Inlet Barriers
Place two concrete blocks on their sides perpendicular to the curb at either end of the inlet opening. These
will serve as spacer blocks. Place concrete blocks on their sides across the front of the inlet and abutting
the spacer blocks. The openings in the blocks should face outward, not upward. Cut a 2 by 4 inch stud the
length of the curb inlet plus the width of the two spacer blocks. Place the stud through the outer hole of
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each spacer block to help keep the front blocks in place. Place wire mesh over the outside vertical face
(open ends) of the concrete blocks to prevent stone from being washed through the blocks. Use chicken
wire, hardware cloth with one-half-inch openings, or filter fabric. Place three-quarter-inch to 1.33-inch
gravel against the wire to the top of the barrier.
Gravel Curb Inlet Sediment Barrier
 Hardwire cloth or comparable wire mesh with one-half-inch openings must be placed over the
curb inlet opening so that at least 12 inches of wire extends across the inlet cover and at least 12
inches of wire extends across the concrete gutter from the inlet opening.
 Coarse aggregate stone must be placed against the wire to anchor it against the gutter and inlet
cover and to cover the inlet opening completely.
 If the stone filter becomes clogged with sediment, the stone must be removed, cleaned, and
replaced.
Inspection and Maintenance
 Inspect and clean barrier weekly and after each significant storm event, and remove sediment
from behind the sandbag structure.
 Immediately remove any sediment that has accumulated to one-half of the design depth of the
trap and gravel from the traveled way of roads.
 Place the removed sediment where it cannot enter a storm drain, stream, or be transported offsite.
 If the gravel becomes clogged with sediment, carefully remove it from the inlet and either clean
or replace it.
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Drop Inlet Sediment Barrier
Description/Purpose
A drop inlet sediment barrier is a temporary barrier placed around or inside a drop inlet that promotes
ponding, settling of sediment, or physical filtration of sediment-laden inflows. The sediment barrier can
be constructed of silt fence, geotextile, gravel and stone, or block and gravel.
The purpose of storm drain inlet protection is to prevent sediment from entering a storm drainage system
before permanent stabilization of the disturbed area. Storm drains made operational before their drainage
area is stabilized can convey large amounts of sediment to storm sewer systems or natural drainage-ways
and in extreme cases; the storm sewer itself can clog and lose a major portion of its capacity. To avoid
such problems, it is necessary to prevent sediment from entering the system at the inlets. Sediment-laden
runoff is ponded or filtered before entering the storm drain, thus allowing some sediment to fall out of
suspension or be removed through physical filtration.
Advantages/Limitations
Drop inlet sediment barriers are inexpensive and easy to construct and can also reduce the amount of
course- and medium-size sediment leaving the construction site. However, maintenance for these various
types of inlets is often difficult and the inlets can become clogged causing erosion or polluted runoff.
Drop inlet sediment barriers are generally not very effective at filtering fine sediment or large loads of
sediment and should be used in conjunction with other treatment options.
Design Criteria
The contributing drainage area should be a maximum of one acre. The ponding area must be relatively
flat (less than 1 percent slope) with adequate sediment. The drop inlet sediment barrier must be
constructed in a manner that will facilitate cleanout and disposal of trapped sediments and minimize
interference with construction activities. The inlet protection device will not cause resultant ponding of
stormwater, which causes excessive inconvenience or damage to adjacent areas or structures.
All incoming storm flows must be intercepted and ponded or filtered by the structure, and pass over the
structure and into the storm drain without bypasses. Temporary diking around the structure might be
necessary to prevent bypass flow. Material can be excavated from inside the sediment storage area for this
purpose.
Drop inlet bag and frame filters are available from commercial vendors. These devices work very well if
installed and maintained properly. Specify frames or filters that fit tightly around inlets and eliminate
bypass opportunities. Filters can be reused if they are not damaged and washed out after prior use.
Construction/Installation Specifications
Silt Fence Sediment Barrier
 Silt fence must be in accordance with silt fence specifications contained in this manual and must
be cut from a continuous roll to avoid joints.
 Stakes must be spaced around the perimeter of the inlet a maximum of 3 feet apart and securely
driven into the ground (minimum of 8 inches).
 A trench must be excavated approximately 4 inches wide and 4 inches deep around the outside
perimeter of the stakes, and the fabric must be extended into the trench.
 The height of the fence must not exceed 36 inches.
 The trench must be backfilled and the soil compacted over the fabric.
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Gravel and Wire Mesh Drop Inlet Sediment Barrier
 Wire mesh must be laid over the drop inlet so that the wire extends a minimum of 1 foot beyond
each side of the inlet structure. Hardware cloth or comparable wire mesh with one-half-inch
openings must be used. If more than one strip of mesh is necessary, the strips must be overlapped.
 Coarse aggregate must be placed over the wire mesh. The depth of stone must be at least
12 inches over the entire inlet opening. The stone must extend beyond the inlet opening at least
18 inches on all sides.
 This filtering device has no overflow mechanism; therefore, ponding is likely, especially if
sediment is not removed regularly. This type of device must not be used where overflow could
endanger an exposed fill slope.
Block and Gravel Drop Inlet Sediment Barrier
 Place concrete blocks lengthwise on their sides in a single row around the perimeter of the inlet,
with the ends of adjacent blocks abutting. The height of the barrier can be varied depending on
design needs, by stacking combinations of 4-inch, 8-inch, and 12-inch-wide blocks. The barrier of
the blocks must be at least 12 inches high and a maximum of 24 inches.
 Place wire mesh over the outside vertical face (open ends) of the concrete blocks to prevent stone
from being washed through the blocks. Use chicken wire, hardware cloth with one-half-inch
openings, or filter fabric.
 Place three-quarter-inch to 1.33-inch gravel against the wire to the top of the barrier.
Inspection and Maintenance
 Inspect the barrier weekly and after each storm event, and promptly make repairs as needed.
 Remove sediment after each significant rainfall to provide adequate storage volume for the next
rain. Deposit the removed sediment in an area that will not contribute sediment offsite and can be
permanently stabilized.
 For gravel filters: If the gravel becomes clogged with sediment, carefully remove it from the inlet
and either clean or replace it. Close monitoring of drop-down inlet filter bags is required to ensure
that they do not become overfilled.
 Tap filter fabric with a wooden stake when dry to remove caked-on fines, taking care not to tear
the fabric.
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Culvert Inlet Sediment Barrier
Description/Purpose
A culvert inlet sediment barrier is a temporary rock barrier at a culvert inlet. Culvert inlet protection is
used to prevent sediment from entering, accumulating in, and being transferred by a culvert and
associated drainage system before permanent stabilization of a disturbed project area. It is also used to
provide sediment control protection when elevation or drainage patterns are changing because of
construction operations.
Advantages/Limitations
Similar to drop and curb inlets, culverts that are made operational before stabilizing the associated
drainage areas can convey large amounts of sediment to drainage-ways or waterbodies. In cases of
extreme sediment loading, the pipe or pipe system itself can clog or lose a major portion of its capacity.
To avoid such problems, it is necessary to prevent sediment from entering the culvert.
Design Criteria
The contributing drainage area should be a maximum of 3 acres. The culvert inlet sediment barrier should
surround all sides of the culvert in a horseshoe shape that receives runoff and should be placed a
minimum of 4 feet from the culvert. The barrier must be designed to ensure that no bypasses occur and
that adjacent property will not be damaged by the ponded water.
The culvert inlet protection should be constructed in a manner that will facilitate cleanout and disposal of
trapped sediment while minimizing interference with construction activities. They should also be
constructed such that any ponding of stormwater will not cause excessive inconvenience or damage to the
structure or adjacent areas.
Construction/Installation Specifications
The downstream half of the culvert inlet sediment barrier should consist of 4- to 12-inch riprap. The
upstream face of the barrier should consist of smaller coarse aggregate stone to decrease the flow rate
through the stone. A geotextile fabric should be placed between the stone and the soil to provide a stable
foundation and to facilitate removal of stone.
Inspection and Maintenance
The barrier should be inspected weekly and after every large storm event. The barrier must be kept free of
trash and debris, and sediment should be removed when it reaches one-half the height of the barrier. The
barrier should be removed after the disturbed area has been stabilized.
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Culvert Outlet Energy Dissipator
Description/Purpose
Energy dissipators include hydraulic structures such as
stilling basins, channel drops, transitions, baffle chutes,
riprap that are constructed of rock, gabion, mat, or other
materials designed to control erosion at the outlet of a
channel or stormwater conveyance pipe.
Energy dissipators are used to prevent erosion and scouring
at the outlet of a channel or pipe by reducing the velocity of
flow and dissipating the energy before discharge into the
rest of the receiving channel or area. This type of protection
can be achieved through a variety of techniques including
outlets of culverts, temporary slope drains, where lined
ditches discharge into unlined ditches, and outlet or
overflow areas for sediment traps and basins. Energy
dissipators can also lower the potential for downstream
erosion.

Figure 15. Illustration of a riprap outlet
dissipator. (KY BMP Manual, 2007)

Advantages/Limitations
Advantages of culvert outlet energy dissipation include
 Removes sediment in addition to reducing flow.
 Can be used at most outlets where high flow velocities are expected.
 Requires less maintenance than most other control measures.
 Riprap aprons used for energy dissipation are a relatively low-cost method and can be easily
installed on most sites.

Limitations for culvert outlet protection include
 Sediment might be difficult to remove without removing and replacing the outlet protection
structure itself.
 More frequent maintenance could be required for outlets with high flow velocities and heavy,
sediment-laden discharges.
Design Criteria
Design considerations are the volume and velocity of flow to be controlled, characteristics of the bank or
other area receiving the brunt of the flow, and the slope of the receiving channel or area, all of which will
define the shape and structure of the energy dissipator.
Dissipators designed for high-energy flows are usually rock aprons; those handling smaller flows with
lesser velocities can consist of TRMs if shear and other stresses can be accommodated by the chosen
product. The following criteria are key to dissipator design analysis:
Capacity
Design dissipators to handle the 10-year, 24-hour peak flow event.
Tailwater Depth
The tailwater depth must be determined immediately downstream of the outlet pipe on the basis of design
discharge and other contributing flows. The maximum capacity of the pipe should be used when
June 2010
Part 1.4 Drainage System Controls

64

Pulaski County Stormwater Management and Drainage Manual

computing tailwater. If the tailwater elevation is less than the elevation halfway up on the pipe outlet, the
outlet is classified as a minimum tailwater condition outlet. If the tailwater exceeds this level, the outlet is
classified as a maximum tailwater condition outlet. Pipes that discharge onto broad, flat areas without a
defined channel can usually be classified as a minimum tailwater condition outlet.
Apron size
The apron length will be determined on the basis of the outlet flow rate and the tailwater level. The apron
width will be determined according to the tailwater condition and whether the discharge is into a channel
or onto a flat area. The apron can be constructed of riprap, cable-tied concrete, or other suitable material.
Grade
There should be no overfall at the end of the apron; that is, the elevation of the top of the apron at the
downstream end should be the same as the elevation of the bottom of the receiving channel or the
adjacent ground if there is no channel.
Alignment
The apron should be straight throughout its entire length, but if a curve is necessary to align the apron
with the receiving stream, locate the curve in the upstream section of riprap. Additional armoring of the
outside portion of the curve receiving the greatest scouring flows might be needed.
Materials
Ensure that riprap consists of a well-graded mixture of stone. Larger stone should predominate, with
sufficient smaller sizes to fill the voids between the stones.
Thickness
The minimum thickness of riprap must be 1.5 times the maximum stone diameter.
Stone quality
Select stone for riprap from fieldstone or quarry stone. The stone should be hard, angular, and highly
weather-resistant. The specific gravity of the individual stones should be at least 2.5.
Filter
Install a non-woven geotextile liner (filter) under the rock to prevent soil movement through the openings
in the riprap. Geotextile underliners for rock outlet energy dissipators are highly recommended to prevent
erosion and undermining of the dissipator. Specify nonwoven fabric tailored to the strength needed to
support the rock load.
Construction/Installation Specifications
Ensure that the subgrade for the underliner and riprap follows the required lines and grades shown in the
plan. Compact any fill required in the subgrade to the density of the surrounding undisturbed material.
Low areas in the subgrade on undisturbed soil can also be filled by increasing the riprap thickness.
 The riprap and gravel underliner must conform to the specified grading limits shown on the plans.
 Filter (non-woven geotextile) cloth, when used, must meet design requirements and be properly
protected from punching or tearing during installation. Repair any damaged fabric by removing
the riprap and placing another piece of filter cloth over the damaged area. All connecting joints
should overlap a minimum of 1 foot. If the damage is extensive, replace the entire filter cloth.
 Riprap can be placed by equipment, but take care to avoid damaging the filter.
 The minimum thickness of the riprap should be 1.5 times the maximum stone diameter.
 Riprap may be field stone or rough quarry stone. It should be hard, angular, highly weatherresistant and well graded.
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Construct the apron with no overfall at the end. Make the top of the riprap at the downstream end
level with the receiving area or slightly below it.
Ensure that the apron is properly aligned with the receiving stream and preferably straight
throughout its length. If a curve is needed to fit site conditions, place it in the upper section of the
apron.
Immediately after construction, stabilize all disturbed areas with vegetation.

Inspection and Maintenance
Inspect riprap outlet structures weekly and after large storm events to see if any erosion around or below
the riprap has taken place or if stones have been dislodged. Immediately make all needed repairs to
prevent further damage.
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Rock‐Lined Ditches and Channels
Description/Purpose
Rock-lined channels are stormwater channels or ditches lined with ordinary rock or riprap, grouted riprap,
or wire encased rock (gabions) to control channel erosion.
Rock-lined channels serve to convey concentrated surface runoff without erosion. Grass lining with ECBs
or TRMs are recommended instead of rock. Rock lining might be necessary in the following conditions:
 There is not enough time to construct, seed, and establish a stabilized vegetated channel before
the channel is expected to carry stormwater flows (i.e., construction during wet seasons).
 Design flows are found to produce channel velocities in excess of allowable non-eroding values
(5 feet per second for sandy soil conditions and 7 feet per second in erosion resistant soils).
 Ditches or drainage channel slopes are steeper than 3:1 and in highly erodible soils that have a
low-maximum permissible velocity that cannot be overcome with TRMs.
 Channel design velocity exceeds that allowable for a grass-lined channel with ECB or TRM
liners.
 The channel has rapid changes in channel geometry, such as channel bends and transitions.
Advantages/Limitations
Advantages for rock-lined ditches and channels include
 Prevents erosion from uncontrolled surface flows.
 Stabilized conveyance offers limited treatment and retention to attenuate stormwater peak flows.
 If planned for, might allow for vegetation between rocks.
Limitations for these structures include
 Grade changes cause plugging—if plugged, could cause erosion.
 If sediment loads are high, rock lined ditches require extensive maintenance.
 Maintenance is expensive—mostly hand work.
 Rock lined ditches allow for limited nutrient uptake.
Design Criteria
The channel must be designed to carry the 10-year, 24-hour peak. As a rough guideline, riprap can be
specified for a design flow velocity more than 5 feet per second. The upper limit for design flow velocity
of riprap channel and ditch lining depends primarily on the size of the riprap specified and methods used
for securing riprap material in place. The side slopes for the ditch or channel must be 4:1 or flatter.
Specific design procedures for ordinary or grouted riprap channel linings are presented in the Federal
Highway Administration’s Hydraulic Engineering Circular 11 and 15.
Riprap thickness
The thickness must be 1.5 times the largest stone diameter or as shown on the plans; 6-inch thick
minimum.
Foundation
Use extra-strength, non-woven filter fabric or an aggregate filter layer, if required. The outlet must be
stable with a suitable outlet stabilization energy dissipator.
Outlet
Channels should empty into sediment traps, detention/retention basins or stable outlets.
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Construction/Installation Specifications
 Clear and grade the cross-section to the grades shown on plans. Overcut for thickness of rock and
filter.
 Prepare the subgrade to the specified depth necessary for the installation of riprap.
 Excavate trenches as necessary and install non-woven filter fabric or gravel filter layer. Secure
filter fabric by using anchor trenches, stakes, staples or other means necessary according to the
manufacturer’s recommendations.
 Place rock so it forms a dense, uniform, well-graded mass with few voids. Hand placement might
be necessary to obtain good size distribution.
 No overfall of channel construction should exist. Grass-lined channels with riprap bottoms must
have a smooth contact between riprap and vegetation.
 Channel outlet must be stabilized with a suitable outlet stabilization energy dissipator.
Inspection and Maintenance
Inspect the channel linings weekly and after major storm events for slumping, displacement, scour, or
undermining of riprap. Remove debris and make needed repairs where stones have been displaced. Take
care not to restrict the flow area when stones are replaced.
Give special attention to outlets and points where any concentrated flow enters the channel. Repair eroded
areas promptly. Check for sediment accumulation, piping, bank instability, and scour holes, and repair
promptly.
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Grass‐Lined Ditches and Channels
Description/Purpose
Grass-lined ditches and channels are broad, shallow channels with a dense stand of vegetation covering
the side slopes and bottom. They can be natural or manmade, and are designed to trap particulate
pollutants (suspended solids and trace metals), promote infiltration, and reduce the flow velocity of
stormwater runoff.
Grass protection of channels reduces erosion by lowering water velocity over the soil surface and by
binding soil particles with roots. Grass-lined channels should be used where
 A vegetative lining can provide sufficient stability for the channel grade by increasing maximum
permissible velocity.
 Slopes are generally less than 5 percent, with protection from sheer stress as needed through the
use of mulch, ECBs, TRMs, or cellular/geogrid products.
 Site conditions required to establish vegetation (i.e., climate, soils, topography, and
temporary/permanent protection for vegetation such as mulch, ECBs, or TRMs) are present.
 Space is available for a relatively large cross section.
Advantages/Limitations
Grass-lined channels typically have several advantages over conventional stormwater management
practice, such as storm sewer systems, including the reduction of peak flows; the removal of pollutants,
the promotion of runoff infiltration, and lower capital costs. However, they are typically ineffective in,
and vulnerable to, large storms because high-velocity flows can erode the vegetated cover.
Limitations of vegetated swales include the following:
 They are impractical in areas with very flat grades, steep topography, or wet or poorly drained
soils.
 They are not effective and may even erode when flow volumes and/or velocities are high.
 Land might not be available for them.
 They are impractical in areas with erosive soils or where a dense vegetative cover is difficult to
maintain.
Design Criteria
Grass-lined channels resemble natural systems and are usually preferred where design velocities are
suitable. Select appropriate vegetation and construct ditches or channels early in the construction schedule
before grading and paving increase runoff rates.
 Generally, grass-lined channels are constructed in stable, low areas to conform to the natural
drainage system, but they might also be needed along roadways or property boundaries. To
reduce erosion potential, design the channel to avoid sharp bends and steep grades.
 For ditches and channels with slopes exceeding 3 percent, use the information in the ECBs and
TRMs to design and build grass-lined channels with appropriate scour and erosion protection
(i.e., ensure that the ditch liner can appropriately resist sheer stresses, given the slope and length
of the ditch). The channel cross-section should be wide and shallow with relatively flat side
slopes (e.g., 3:1) so surface water can enter over the vegetated banks without erosion. Riprap
might be needed to protect the channel banks at intersections where flow velocities approach
allowable limits and turbulence could occur.
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Cross-section
The channel shape can be parabolic, trapezoidal, or V-shaped, depending on need and site conditions.
Cross-section designs include the following:
V-shaped Channels
Generally, these are used where the quantity of water is relatively small, such as roadside ditches. The
V-shaped cross-section is desirable because of difficulty stabilizing the bottom, where velocities
might be high. A sod or grass lining protected with ECBs or TRMs might suffice where velocities are
low; use rock or riprap lining to protect against higher velocities.
Parabolic Grass Channels
Often, these are used where larger flows are expected and sufficient space is available. The shape is
pleasing and can best fit site conditions. Riprap should be used where higher velocities are expected
and where some dissipation of energy (velocity) is desired. Combinations of grass with riprap centers
or TRM centers are useful where there is a continuous low flow in the channel.
Trapezoidal Grass Channels
These are used where runoff volumes are large and slope is low so that velocities are nonerosive to
vegetated linings. Low flow channels can be lined with TRMs, ECBs, riprap, or pavement if desired.
 Grass-lined channels must not be subject to sedimentation from disturbed areas.
 An established, grass-lined channel resembles natural drainage systems and is usually preferred if
design velocities are below 5 feet per second.
 Channels with design velocities greater than 2 feet per second will require that TRMs or ECBs be
installed at the time of seeding to provide stability until the vegetation is fully established. It
might also be necessary to divert water from the channel until vegetation is established or to line
the channel with sod.
 Whenever design velocities exceed 4 feet per second a permanent type of TRM will be necessary.
 Sediment traps might be needed at channel inlets to prevent entry of muddy runoff and channel
sedimentation.
Capacity
The maximum normal depth velocity should not exceed 7 feet per second for grass-lined channels, except
in sandy soil where the maximum velocity should not exceed 5 feet per second. The Froude Number
(turbulence factor) must be less than 0.8 for these channels. Grass-lined channels with a Froude Number
high than 0.8 must not be used. The minimum velocity for the channels should be greater than 2 feet per
second for self-cleaning.
Side Slopes
Grassed channel side slopes generally are constructed 4:1 or flatter to help establish vegetation and for
maintenance.
Check Dams
Check dams can be installed in the ditch or channel to promote additional infiltration, to increase storage,
and to reduce flow velocities.
Grade
Generally restricted to slopes 5 percent or less. Either a uniform or gradually increasing grade is preferred
to avoid sedimentation. The minimum bottom width must be consistent with the maximum depth and
velocity at a minimum of 4 feet.
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Outlet
Channels should empty into sediment traps, detention/retention basins or stable outlets.
Grass
The grass species chosen must be sturdy, drought resistant, easy to establish, and able to spread. A thick
root structure is necessary to control weed growth and erosion. For acceptable seeding varieties and
broadcast schedules, see Arkansas Highway and Transportation Department Specification Section 620.
Newly constructed channels need a protective cover consisting of mulch and grass seeding immediately
upon completion.
Construction/Installation Specifications
See design criteria above and the specifications for seeding and ECBs.
Inspection and Maintenance
 During the initial establishment, grass-lined channels should be repaired and grass reestablished if
necessary. After grass has become established, check the channel periodically to determine if it is
withstanding flow velocities without damage.
 Check the channel for debris, scour, or erosion and immediately make repairs. It is particularly
important to check the channel outlet and all road crossings for bank stability and evidence of
piping or scour holes and make repairs immediately.
 Remove all significant sediment accumulations to maintain the designed carrying capacity.
 Keep the grass in a healthy, vigorous condition at all times, because it is the primary erosion
protection for the channel.
 Permanent grassed waterways should be seasonally maintained by mowing or irrigating,
depending on the type of vegetation selected. The long-term management of ditches and channels
as stable, vegetated, natural drainage systems with native vegetation buffers is highly
recommended because of the inherent stability offered by grasses, shrubs, trees, and other
vegetation; greater visual and other aesthetic benefits provided by native plant buffers; and higher
habitat and property values.
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Check Dams for Ditches and Channels
Description/Purpose
A check dam (also known as a ditch check or silt check) is a small, temporary, or permanent barrier or
dam constructed across a ditch, swale, or channel, consisting of rock, gravel filled bags, fiber rolls, or
other commercial products. Channel erosion is reduced because check dams flatten the gradient of the
flow channel and slow the velocity of channel flow.
The purpose of a check dam is to reduce the velocity of concentrated stormwater flows, thereby reducing
erosion of the swale or channel. The practice also traps sediment.
Advantages/Limitations
Check dams provide relatively good removal of coarse- and medium-size sediment from runoff.
However, most fine silt and clay particles will pass over or through the voids on these structures.
Typically, check dams require low maintenance, are effective in medium- to heavy-flow areas, and can be
a permanent erosion control practice.
Design Criteria
Check dams must be limited to use in small, open
ditches that drain 10 acres or less. Check dams must
not be used in streams.
 Ditches lined with riprap do not usually
require check dams; however, they can be
used in areas with highly erodible soils, steep
slopes, and drainage areas of up to 5 acres.
Check dams are especially applicable where
the slope of ditches or channels is close to the
maximum for a grass lining.
 The maximum height of a check dam must be
3 feet above the ground on which the rock is
placed.
 The center of the check dam above the flat
portion of the channel must be at least
6 inches lower than the outer edges.
Figure 16. Install check dams closer together in
 The maximum spacing between rock check
steep ditches (bottom) and farther apart in
dams in a ditch should be such that the toe of
flatter ditches (top). (KY BMP Manual, 2007)
the upstream dam is at the same elevation as
the top of the downstream dam.
 Check dams for larger projects with greater slopes and wider drainage swales can be constructed
of trees and brush cleared from the site, gabions, large rock, or other materials. Design and
structural stability requirements for these applications, which can have significant benefits, are
very site specific.
Construction/Installation Specifications
Stone check dams must be constructed of crushed aggregate stone (size “B” stone to riprap, depending on
the flow). Fiber bags filled with gravel are also acceptable. Bags should be of woven-type geotextile
fabric because burlap or cloth bags deteriorate rapidly. The fiber bags must be filled with three-quarterinch drain rock or one-quarter-inch pea gravel. Fill fiber bags just over halfway so they can be packed
tightly together without large gaps.
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Commercial products such as fiber rolls, sediment dikes, and sediment fencing can be used in
seeded and lined (or mulched) swales with bottoms not less than 4 feet wide and slopes not more
than 3 percent, if appropriate. Follow the manufacturer’s instructions for placement, staking, and
maintenance. Applications in areas that exceed these parameters must be consistent with product
design and performance information.
Stone must be placed by hand or mechanically as necessary to achieve complete coverage of the
ditch bottom and banks and to ensure that the center of the check dam is at least 6 inches lower
than the outer edges.
Gravel bag check dams must be placed in the ditch or channel by hand, with the tied ends of the
bags pointing upstream and the center overflow area at least 6 inches lower than the outer edges.
For all check dams, ensure that the higher elevation outer sidewalls tie into the upper portion of
the ditch or channel bank to prevent bypasses.
If stone check dams are used in grass-lined channels that will be mowed, take care to remove all
stone from the channel when the dam is removed. That includes any stone that has washed
downstream.

Inspection and Maintenance
Regular inspections must be made to ensure that check dams are in good working order and the center of
the dam is lower than the edges. Erosion caused by high flows around the edges of the dam must be
corrected immediately, and the dam must be extended upward beyond the repaired area.
Inspect check dams for sediment accumulation weekly and after each rainfall greater than one-half inch.
Sediment must be removed when it reaches one-half of the original height. Check dams must remain in
place and operational until the drainage area and channel are completely stabilized, or up to 30 days after
the permanent site stabilization is achieved.
Check dams must be removed when their useful life has been completed. In temporary ditches and
swales, check dams must be removed and the ditch filled in when it is no longer needed. In permanent
channels, check dams must be removed when a permanent lining can be installed. In the case of grasslined ditches, check dams must be removed when the grass has matured sufficiently to protect the ditch or
swale. The area beneath the check dams must be seeded and mulched or sodded (depending on velocity)
immediately after check dams are removed.
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E. SEDIMENT TRAPS AND BASINS
General Information
The purpose of a temporary trap or basin is to provide an area where muddy runoff is allowed to pond, so
sediment will settle out. Sediment traps and basins should be installed in selected drainage areas before
excavation or fill work begins. Do not depend on sediment traps and basins alone to control sediment loss
from your construction site. Sediment basins and traps should fill with muddy runoff during and
immediately after a rainstorm and drain down slowly over the next 1–2 days. Containment for the
ponding area can be provided by an excavation or a dike made of earth or stone. Low-lying sites on the
downhill side of bare soil areas are ideal places to install temporary sediment traps and basins. In general,
sediment traps are designed to treat runoff from about 1 to 5 acres. Sediment basins are larger and serve
areas larger than 5 acres. Basins draining areas larger than 10 acres require an engineered design and are
often designed to function as a permanent stormwater treatment pond after construction is complete. If
feasible, do not put sediment traps or basins in or next to flowing streams or other waterways. Make sure
pooled water does not flood buildings, roadways, utilities, or other structures. Construction of a
permanent, stable outlet is key to long-term performance.
Temporary Sediment Traps
Any depression, swale, or low-lying place that receives muddy flows from exposed soil areas can serve as
a sediment trap site. Installing several small traps at strategic locations is often better than building one
large basin. The simplest approach is to dig a hole or build a dike (berm) of earth or stone where
concentrated flows are present. This will help to detain runoff so sediment can settle out. The outlet can
be a rock-lined depression in the containment berm.
Sediment Basins
Sediment basins are somewhat larger than traps, but the construction approach is similar. Sediment basins
usually have more spillway protection because of their larger flows. Most have risers and outlet pipes
rather than rock spillways to handle the larger flows. Sediment basins are often designed to serve later as
stormwater treatment ponds. If that is the case, agreements might be required assigning responsibility for
long-term sediment removal and general maintenance.
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Temporary Sediment (Silt) Traps
Description/Purpose
A temporary sediment or silt trap is formed by excavation or by constructing a small embankment of
stone, stone-filled bags, or other material to retain sediment. Sediment traps are considered temporary
structures and often placed at the site on an as needed basis by field personnel. They should not be placed
in flowing streams.
Sediment traps pond and settle sediment from muddy runoff. Traps are used where physical site
conditions or other restrictions prevent other erosion control measures from adequately controlling
erosion and sedimentation. Sediment traps can be used downslope from construction operations that
expose areas to erosion.
Design Criteria
Bermed sediment traps confined by rock, rock-filled fiber bags, or other material are preferred over
excavated traps or those with soil berms. Traps are placed in converging flow areas (i.e., where ruts or
washouts can form) or in ditches, where they are often called ditch checks or check dams. All traps are
sized according to a design volume of 3,600 cubic feet per disturbed acre in the upstream drainage area,
or a size based on the runoff volume of a 10-year, 24-hour storm. Multiple sediment traps constructed in a
series are needed when the storage volume of each cannot meet this design requirement.
Sediment traps are generally used to treat a drainage area of 5 acres or less. When the total drainage area
to a single structure exceeds 10 acres, an engineered sediment basin is necessary. Traps cannot be placed
in blue-line streams or other regulated waters unless space limitations or design limitations provide no
other feasible option. A USACE CWA section 404 permit is required in these cases. Sediment traps must
be cleaned out before they are half full of sediment.
General
 Construct traps of rock, rock-filled fiber bags, or use approved commercial sediment trap
products installed and spaced according to manufacturer’s instructions.
 Site sediment traps in areas where they can be maintained (i.e., sediment removed).
 Set traps back from property lines or waterbodies as much as possible.
 Do not site sediment traps at culvert or pipe outlets if possible.
 Maximum drainage area is less than 10 acres.
 Basin flow length should be at least two times the flow width.
 Construct the trap, seed and stabilize before clearing and grading work begins.
Capacity requirements
Minimum sediment storage capacity is 3,600 cubic feet per disturbed acre in the upstream drainage area,
or a size based on the runoff volume of a 10-year, 24-hour storm.
For a natural basin, the volume can be approximated as follows:
V = 0.4 x A x D
where
V = the storage volume in cubic foot
A = the surface area of the flooded area at the crest of the outlet, square feet
D = the maximum depth, measured from the low point in the trap to the crest of the outlet, in feet.
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Excavation requirements
If excavation is necessary to attain the required storage volume, side slopes should be no steeper than 2:1.
Embankment requirements
 Maximum height of 5 feet as measured from the low point.
 Maximum inside and outside slopes of 2:1.
 Side slopes, containment berms, and inflowing ditches should be seeded and mulched or
blanketed as soon as possible after construction.
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Figure 17. Minimum top width (W) required for sediment trap embankments according to height of
embankment (feet).

Outlet requirements
The outlet for the sediment trap must consist of a crushed stone section of the embankment located at the
low point in the basin. The minimum length of the outlet must be 6 feet times the acreage of the drainage
area. A general rule is 1 square foot per acre for a spillway design. The crest of the outlet must be at least
1 foot below the top of the embankment.
Removal requirements
Sediment traps must be removed after the contributing drainage area is stabilized. Plans should show how
the site of the sediment trap is to be graded and stabilized after removal.
Construction/Installation Specifications
 Construct initial series of sediment traps before general site clearing and grading.
 The area to be excavated or ponded must be cleared of all trees, stumps, roots, brush, boulders,
and debris. All topsoil containing excessive amounts of organic matter must be removed.
 Seeding, fertilizing, and mulching of the material taken from the excavation must comply with
the applicable soil stabilization sections of this manual.
 The embankment must be seeded with temporary or permanent seeding in accordance with the
applicable soil stabilization sections of this Manual.
 All cut and fill slopes must be 2:1 or flatter.
 Any material excavated from the trap must be uniformly spread to a depth not exceeding 3 feet
and graded to a continuous slope away from the trap.
 Field-approved installations should be noted on weekly inspection reports and on plan documents
within 7 days.
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Inspection and Maintenance
The trap must be inspected regularly to ensure that it is structurally sound and has not been damaged by
erosion or construction equipment. Sediment must be removed from the trap before the capacity is
reduced to 50 percent of the design volume. Plans for the sediment trap must indicate the methods for
disposing of sediment removed from the trap.
Temporary sediment traps are removed upon stabilization or cover of the upland drainage area with
vegetation, pavement, and so on. The trap area should be graded, seeded, and mulched or blanketed.
Excess sediment should be spread and stabilized where it will not enter the drainage system.
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Sediment (Detention) Basins
Description/Purpose
A sediment basin is a pond created by excavation and construction of an embankment and designed to
retain or detain runoff sufficiently to allow excess sediment to settle out.
The sediment basin is intended to collect and store sediment from sites that are cleared or graded during
construction or for extended periods of time before permanent vegetation is reestablished or before
permanent drainage structures are completed. It is intended to intercept and trap sediment before it leaves
the construction site. Some basins are temporary, with a design life of 12 to 18 months, and are to be
maintained until the site area is permanently stabilized. Basins that will serve as permanent stormwater
treatment ponds often require modified outlet risers during construction to ensure adequate ponding times
and sediment removal.
Basins should be located at the stormwater outlet from the site, not in any natural or undisturbed stream.
Use of temporary dikes, pipes, or channels might be necessary to divert runoff from disturbed areas into
the basin and to divert runoff originating from undisturbed areas around the basin.

Figure 18. Illustration of a sediment basin. (USEPA, 2007)

Advantages/Limitations
Potential advantages and disadvantages of onsite detention basins should be considered by the designer in
the early stages of development. Discharge rates and outflow velocities are regulated to conform to the
capacities and physical characteristics of downstream drainage systems. Energy dissipation and flow
attenuation resulting from onsite storage can reduce soil erosion and pollutant loading. By controlling the
release flows, the impacts of the pollutant loading of stored runoff on receiving water quality can be
minimized.
Design Criteria
The sediment basin must be designed to serve an area with 10 or more acres and limit the peak rate of
discharge from the basin for the 10-year and 100-year storm events to the predevelopment rate or a rate

June 2010
Part 1.4 Sediment Traps and Basins

78

Pulaski County Stormwater Management and Drainage Manual

that will not cause an increase in flooding or channel instability downstream when considered in
aggregate with ultimate watershed development and downstream drainage capacities.
General
Site sediment basins where they will provide the best treatment (the longest flow path between dams
should be located in a natural drainageway in a deep constriction that has a wide area upstream for
ponding detained stormwater).
 Do not place dams where a failure would result in severe property damage or danger to human
life.
 Sediment basins should be designed or modified to drain down within 24 to 72 hours after a
storm event. Modify the outlet if necessary to achieve the maximum detention time.
 Minimum design storage capacity is 3,600 cubic feet per acre of upland area drained, or a size
based on the runoff volume of a 10-year, 24-hour storm event. The maximum capacity for the
impoundment must not exceed 10 acre-feet. If more impoundment capacity is needed, install
basins in a series or site them to intercept tributary drainage areas.
 Basin flow length should be at least two times the flow width; the longer, the better.
 Baffles constructed of filter fabric and metal posts can be used inside the basin to create a longer
(e.g., serpentine) flow path between inlet(s) and the outlet.
 Construct the basin before clearing and grading work begins.
 Basins, side slopes, berms, inlets, and downstream outlet channels must be seeded and mulched
or blanketed immediately after construction.
 Basins that drain more than 10 acres can be designed as retention (rather than detention) basins
(i.e., wet ponds). Design outlet to drain top of the pool farthest away from muddy inflows.
Incorporating a sediment collection forebay is recommended to aid in maintenance.
Embankment requirements
 Dam height should not exceed 20 feet.
 Maximum inside and outside slopes of the basin must not be steeper than 3:1.
 Minimum of one-foot freeboard must be added to the design water surface elevation.
 Minimum top width of the dam must be 12 feet.
 All basins must have a level safety ledge extending 3 feet into the basin from the shoreline and
2 feet below the normal water depth.
Principal spillway (riser and barrel) requirements
Use a subsurface drain, a solid riser pipe, or both, with sufficient dewatering holes to provide sufficient
detention time. Risers with one-half-inch holes every 3 to 6 inches are recommended. Proper hydraulic
design of the outlet is critical to achieving the desired performance of the basin.
 No large holes or slots should appear in the lower two-thirds of the riser. Risers with large
openings can be modified as described below or wrapped with filter fabric to cover lower
openings during the construction period.
 During construction, risers should be modified with an inlet protection dike, pile of stones at the
riser base, or other structure to provide longer ponding times for small-flow events.
 The outlet should be designed to drain the basin within 24 to 72 hours.
 Minimum diameter of pipe outlet is 12 inches; anti-vortex baffle and trash rack are required.
 If a pipe outlet design is used for the outfall, an emergency spillway is required. A general rule is
1 square foot per acre for a spillway design.
 Minimum of one-foot freeboard is required from the top of the riser to the crest of the emergency
spillway.
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Emergency spillway requirements
 Designed to pass the 10-year and 100-year peak flows.
 Crest elevation at least one foot above the tip of the riser pipe.
 Minimum of one-foot freeboard during the 100-year, 6-hour storm to the top of the embankment.
 Rock used for the emergency spillway must be large, crushed stone, depending on flow volumes
and spillway slope (see sections on rock-lined channels and outlet stabilization energy dissipator).
 Emergency spillway energy dissipator must be extended at least 4 feet beyond the toe of the dam.
Construction/Installation Specifications
 Construct the basin by excavating or building an
embankment dike before any clearing or grading
work begins.
 Areas under the embankment and any structural
works must be cleared, grubbed, and stripped of
any vegetation and root mat as shown on the
erosion and sediment control plan.
 To facilitate cleanout and restoration, the basin
area must be cleared, grubbed and stripped of any
vegetation.
 Fill material for the embankment must be clean,
low-permeability, mineral soil free of roots,
Figure 19. Illustration of a sediment basin with
woody vegetation, oversized stones, rocks, or
outlet structure. (KY BMP Manual, 2007)
other objectionable material.
 Fill material must be placed in 6-inch lifts,
continuous layers over the entire length of the fill. Compacting must be obtained by routing the
hauling equipment over the fill so that the entire surface of each layer of the fill is traversed by at
least one wheel or tread track of the equipment or by the use of a compactor. Each layer must be
compacted to 95 percent of maximum density and +/– 2 percent of optimum moisture content.
 The embankment should be constructed to an elevation 10 percent higher than the design height
to allow for settlement if compacting is achieved with hauling equipment.
 The principle spillway riser must be securely attached to the discharge pipe by welding all
around. All connections must be watertight.
 The pipe and riser must be placed on a firm, smooth soil foundation. The connection between the
riser and the riser base must be watertight. Pervious materials such as sand, gravel, or crushed
stone must not be used as backfill around the pipe or antiseep collars.
 The fill material around the pipe spillway must be placed in 4-inch layers and compacted under
the shoulders and around the pipe to at least the same density as the adjacent embankment. A
minimum of 2 feet of compacted backfill must be placed over the pipe spillway before crossing it
with construction equipment.
 Risers might require a rock berm or other flow restrictor during the construction phase to ensure
that muddy flows are detained sufficiently to promote settling of sediment.
 Steel base plates must have at least 2.5 feet of compacted earth, stone, or gravel over them to
prevent flotation.
 An emergency spillway is required if a pipe outlet design is used and must not be installed in fill.
Appropriate overflow channel lining and energy dissipator must be constructed.
 The embankment, emergency spillway, incoming channels, and other site features must be
stabilized with vegetation and mulched or blanketed immediately following construction.
 Construction operations must be carried out in such a manner that erosion and water pollution
will be minimized.
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Local and state requirements must be met concerning fencing and signs warning the public of
hazards of soft sediment and floodwater.

Inspection and Maintenance
Inspect the sediment basin weekly and after each storm event. If incoming flows are exiting the basin
quickly because of large holes in the outlet, modify the lower portion of the riser with a stone berm, filter
fabric, or other flow restrictor that retains incoming flows for at least 24–72 hours.
 All damages caused by soil erosion or construction equipment must be repaired before the end of
each working day.
 Remove sediment when the sediment storage zone is half full. This sediment must be placed in
such a manner that it will not erode from the site. The sediment must not be deposited
downstream from the embankment or in or adjacent to a stream or floodplain.
 When temporary structures have served their intended purpose and the contributing drainage area
has been properly stabilized, the embankment and resulting sediment deposit must be leveled or
otherwise disposed of according to the approved erosion and sediment control plan.
 If the sediment basin is designed to function as a permanent stormwater treatment pond, the basin
and riser will be configured to that mode upon stabilization of the upland drainage area.
Temporary flow restrictors on risers and other construction phase modifications must be
removed.
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Dewatering Devices
Description/Purpose
Dewatering is the method used to remove and discharge
excess stormwater or groundwater from the construction
site. The most common procedure used is to pump water
out of areas where it does not otherwise drain, such as
excavated areas, sediment basins, and sediment traps.
Dewatering can also include methods to lower the
groundwater table to provide a stabilized area for
construction. The sediment-laden water must be pumped to
a dewatering structure for sediment removal before it is
discharged offsite.
The purpose of a dewatering device is to remove sediment
from the water before it is discharged offsite.
Advantages/Limitations
Figure 20. Illustration of a silt fence
Dewatering is limited to the site conditions that will dictate
enclosure and filter bag for dewatering.
design and use of the operation. Dewatering discharges
(KY BMP Manual, 2007)
usually have very high sediment content; therefore, sediment
controls must be used before the discharge enters receiving water. Additionally, dewatering operations
might need to comply with state or local requirements, such as obtaining a permit.
Design Criteria
Dewatering operations should not discharge to a ditch, pipe, or other conveyance that leads to a regulated
waterbody (e.g., stream, river, wetland, lake) except as authorized by a permit.
Several types of dewatering structures or devices can be used. A flat, well-stabilized, vegetated area can
serve as a filtering structure if it can withstand the velocity of the discharged water and infiltrate or
assimilate it without erosion. The minimum filter radius or length must be at least 75 feet. It is
recommended that sediment basins or temporary sediment traps receive sediment laden water from bore
pits and trenches.
Another option is to use an infiltration trench—a shallow, excavated trench back-filled with stone—to
form a reservoir. The reservoir can contain subsurface drainage pipe or just stone. This trench allows
water to filter through the stone and then be diverted to a suitable discharge point. The soils and the depth
to the water table must be suitable for this sort of dewatering. Typical trench depths range from 2 to
8 feet. The stone fill material consists of washed aggregate 1.5 to 3 inches in diameter.
Other methods that can be used include a portable sediment tank, a silt fence pit, or a commercial
sediment filter bag or sock. The structure must be sized to allow pumped water to flow through the
structure without overtopping.
Construction/Installation Specifications
See the specifications in this manual for sediment traps and basins. Follow the manufacturer’s
recommendations for commercial products.
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Inspection and Maintenance
Inspect the dewatering structure or device frequently to ensure that it is functioning properly and not
overtopping. Accumulated sediment should be spread out onsite and stabilized, or disposed of offsite.
Silt fence enclosures and commercial sediment filters will likely require cleaning to remove fine particles
and restore performance. This can be done with a stiff brush when the filter is dry or via other
manufacturer’s recommendations.
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F. STREAM AND WETLAND PROTECTION
General Information
All streams, rivers, lakes, and wetlands are regulated waters in Arkansas. In addition, most small upland
drainageways that carry flowing water during part of the year are also regulated, and certain activities that
affect sinkholes and other features could be subject to regulatory oversight.
In general, no construction activities should occur on the banks or within the channels of these waterways
without specific permit coverage. This includes activities such as clearing vegetation from streambanks,
placing culverts or temporary creek crossings, channelizing or straightening streams, filling wetlands with
soil, or placing dams or sediment barriers across streams.
The best approach for dealing with streams, wetlands, and other waterbodies on construction sites is to
designate them and their vegetated buffers as do not disturb zones by flagging them off-limits for vehicles
and equipment. This can be done on construction plans by designating these areas as buffer zones.
Construction activity managers who seek to stabilize or restore damaged streambanks can use the other
fact sheets in this section for information on vegetative practices. These are often accompanied by
structural measures such as gabion baskets/mattresses, TRMs, and rock (see fact sheets on those topics).
Small stabilization or restoration project managers can follow the information in the fact sheets for
guidance on how to proceed with structural or vegetative approaches. Larger projects involving
significant stream channel work (i.e., > 200 feet in length) should be based on stream geomorphological
and flow analyses to ensure that vegetative and structural installations are not washed out.
Trees, Shrubs, and Herbaceous Vegetation for Streams and Wetlands
Use native species for vegetated areas, landscaping, and stream or wetland buffer areas wherever
possible. Native species can provide year-round attractive scenery, important habitat, pollutant buffering,
and structural stability for soils. Native trees and shrubs are adapted to Arkansas’s climate and will not
need as much care and maintenance as ornamentals or nonnatives. In addition, prices for native species
are often as low as or lower than other landscaping plant material.
For best results, protect soils where trees and shrubs will be planted by marking off areas and restricting
equipment movement and resulting soil compaction. Compacted soils, low soil organic matter, and low
fertility might require soil amendments and preparation before planting. Consult the local Extension
Service or Natural Resources Conservation Service (NRCS) offices for information on native species.
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Buffer Zones
Description/Purpose
Buffer zones are setback requirements that establish nodisturbance protection zones along and around streams,
wetlands, rivers, ponds, and lakes.
A buffer zone can be natural, undeveloped land where
the existing vegetation is left intact, or a strip of planted
vegetation adjacent to land-disturbing sites or bordering
streams, lakes, and wetlands which provides
streambank stability, reduces scour erosion, reduces
storm runoff velocities and filters sediment in
stormwater. This practice applies on construction sites
and other disturbed areas that can support vegetation
and can be particularly effective on floodplains, next to
wetlands, along streambanks and on steep, unstable
slopes.
The purpose of a buffer zone or setback is to restrict
activities near waterways and to maintain a vegetative
buffer strip so that soil disturbance is avoided and
waterways retain the natural filtration, structural
protection, and infiltration capacity offered by natural
vegetated buffers.

Figure 21. Protect vegetated buffers by
using a silt fence or other sediment
control. (USEPA, 2007)

Advantages/Limitations
Buffer zones provide aesthetic appeal and water quality benefits such as providing areas for infiltration.
They also provide several benefits to wildlife, such as travel corridors, nesting sites and food sources.
However, if natural vegetative buffer zones are not available, the incorporation of planted vegetation
might not be cost-effective or feasible if land is unavailable. Planted buffer zones also require the
establishment of vegetation before they can become effective.
Design Criteria
Wherever feasible, site plans should specify buffer zones along existing site drainage features such as
upland swales, ditches, intermittent and ephemeral (i.e., flowing only after rains or during snowmelt)
streams, ponds, wetlands, sinkholes, lakes, rivers, and the like before any development of the site occurs.
Establishing buffer zones along existing drainage features preserves the drainage system, which promotes
greater site stability, less erosion, higher aesthetic potential, increased habitat value, and more economical
site development.
Site development design should attempt to lay in desired structures such as buildings, roads, utilities, and
so forth with minimal disturbance to the existing drainage system and its adjacent vegetated buffer zone.
Where this is not possible, site plans can specify that newly constructed drainage features be vegetated
with native material, with new buffer zones established around the new drainage system. Some areas have
mandatory setback requirements regarding limits of disturbance near waterbodies. Check with the local
planning and zoning office before working near waterways.
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Construction/Installation Specifications
See the section on Vegetated Filter Strips (next) in this Manual.
Inspection and Maintenance
See the section on Vegetated Filter Strips (next) in this Manual.
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Vegetated Filter Strips
Description/Purpose
A filter strip is a planted strip of native grasses or other vegetation adjacent to and upgradient from a
drainage ditch, stormwater system inlet, or natural waterbody such as a stream, river, lake, wetland, or
sinkhole. They can also be used to protect lawns and paved areas. Filter strips are typically managed as a
natural vegetative filter rather than mowed turf grass.
The purpose of a vegetated filter strip is to act as a natural, vegetated buffer (see the Buffer Zone section)
in reducing the amount of sediment in incoming runoff, the velocity of the runoff, and the temperature of
the runoff during hot weather. Vegetated filter strips promote stormwater infiltration, deposition of
sediment, absorption of other pollutants, and decomposition of organics to reduce or assimilate pollutants
in the runoff.
Advantages/Limitations
Adequate land must be available for a filter strip. If land cost is high, filter strips might not be costeffective. In addition, adequate vegetative cover must be maintained to keep it effective. Filter strips work
well with sheet flows, but they are not appropriate for mitigating concentrated stormwater flows. They
can be used to treat runoff along residential streets, stream corridors, and small parking lots and provide
an ideal habitat for wildlife, depending on the vegetation selected.
Design Criteria
Filter strips should be used to address only potential water quality problems associated with overland
(sheet) flow. They are not effective in removing sediment from concentrated flows unless those flows are
dispersed on flat ground before discharge into the filter strip.
 Vegetative filters should be used in conjunction with other erosion and sediment control systems,
such as grass-lined channels and natural buffer zones.
 If vegetative filter strips are included in the site plans, they must be established before initiating
general land disturbing activities if possible.
 Minimum filter strip width should be 25 feet for urban streams, 50–75 feet for suburban and rural
streams, and at least 100 feet for large rivers. Plans should show the location, width, and length of
filter strips. The type of vegetation and specifications for soil preparation and seeding must be
included. If existing vegetation is to be used, plans for protecting or improving it must be
provided.
 The width of filter strips expected to treat runoff from long slopes should be at least one-fourth
the length of the slope for slopes up to 20 percent and at least half the slope length for steeper
areas.
Material Specifications
When establishing new seeded areas, consideration must be given to aesthetics and wildlife needs and soil
conditions on the site. Native grass and wildflower mixtures are attractive, commercially available, and
can be seeded with standard equipment for the most part.
 It is easier and cheaper to protect and preserve existing areas than to establish new ones. Existing
grass wildflower or grass/legume areas to be used as filter strips should be flagged off as a buffer
zone (see the Buffer Zone section). Equipment and vehicular traffic in these areas should be
restricted to avoid damage to vegetation. Vegetation should be dense and well established with no
bare spots.
 Seed species for native grass and wildflower mixes are available from county extension and
NRCS offices. Specify quality seed mixtures selected on the basis of climate, soils, drainage,
June 2010
Part 1.4 Stream and Wetland Protection BMPs

87

Pulaski County Stormwater Management and Drainage Manual





shading, and other factors. Note that taller grass mixtures might not be appropriate near
residential areas because of security concerns regarding visibility.
Specify planting of grasses and forbs at the same time. Seeding rates will vary by species but
should generally be specialized and low, unlike agricultural seeding rates. Consider a
cover/nursery crop of annual or short-lived native species (e.g., rye) to protect the site until
grasses and wildflowers emerge.
Seed should be from current production, no more than one year old, and free of mold or insects
and disease. Seed origin should be furnished and have characteristics similar to the site. Seed
collected or grown in the region is usually best.

Construction/Installation Specifications
When planting filter strips, prepare the seedbed, incorporate fertilizer (if necessary), and apply mulch
consistent with the temporary or permanent seeding sections of this Manual. For areas to be seeded in
native grass and wildflower mixes, use the following approach:
Vegetation removal before seeding
If undesirable vegetation exists on the site, kill with nonselective, nonresidual herbicide, a glyphosate
without surfactant if possible. After evidence of kill (7–14 days) mow to 2 inches. Mow or rake off.
Avoid soil disturbance
Avoid deep tillage, which pulls up new weed seed to compromise plantings. Scarify soil no deeper than
one-half inch, on the contour, to reduce weed and erosion problems. No-till planters are now available to
plant into existing dead stubble. Avoid adding imported topsoil unless it is certified to be weed-free.
Soil amendments
See seeding sections in this Manual.
Equipment
Follow the seed distributor’s instructions for planting.
Follow-up
Cover the seed by harrowing, dragging, raking or cultipacking. Mulch with weed-free straw or hay or
native grass straw. Use ECBs on long, steep slopes if mulch and netting will not suffice. Avoid irrigation
unless experiencing periods of drought, when supplementary watering might be in order. A high (6–8
inches) mowing once or twice during the first season reduces weed competition.
Inspection and Maintenance
 Inspect filter strips regularly to ensure that a healthy vegetative growth is maintained. Any bare
spots or spots where sediment deposition could lead to the destruction of vegetation must be
repaired.
 If necessary, filter strips must be fertilized once each year in the fall. Construction traffic must not
be permitted to drive on filter strips.
 Filter strips should be managed as natural type vegetated areas, with an annual or biennial
mowing regimen (typically mowed during the fall), regular litter removal if needed, and
reseeding of vegetation where necessary.
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Temporary Stream Crossing
Description/Purpose
A temporary stream crossing is a short-term road crossing constructed over a stream for use by
construction traffic to prevent turbidity and streambed disturbance caused by traffic. A temporary stream
crossing can be a low water crossing, a culvert crossing, or a bridge with or without embankment
approaches. Temporary stream crossings are applicable on construction sites where traffic must cross
streams during construction.
The purpose of a temporary stream crossing is to provide a means for construction traffic to cross flowing
streams without damaging the channel or banks and to keep sediment generated by construction traffic
out of the stream.
Advantages/Limitations
Temporary stream crossings are limited in operation to short periods (1 year) and to waterways with
drainage areas less than 1 square mile. Installation could require dewatering or diversion of the stream
and cause disturbance of the stream. The temporary crossing may also potentially become a constriction
in the waterway obstructing flood flows.
Design Criteria
Temporary stream crossings are applicable to flowing streams with drainage areas less than one square
mile. Structures that must handle flow from larger drainage areas must be designed by a licensed
professional engineer.
 Temporary stream crossings must be planned to be in service for the shortest practical period and
to be removed as soon as their function is completed. Choose crossing sites at straight channel
sections (i.e., riffles or glides, not pools) with stable banks and channel bottoms if possible. Avoid
areas where trees will need to be removed.
 Installation might require a USACE CWA section 404 permit.
 Temporary crossing should be perpendicular to the stream.
 The span must be designed to withstand the expected loads from heavy construction equipment
that will cross the structure.
 The structure must be large enough to convey the peak flow expected from a 2-year storm
without appreciably altering the stream flow characteristics. The structure could be a span, a
culvert, or multiple culverts.
 Where culverts are installed, rock must be used to form the crossing (i.e., not soil). The area
around the crossing must be protected from erosion using the mulching and seeding erosion
control measures specified in this Manual. The slope of the culvert must be at least one-quarter
inch per foot.
 The approaches to the crossing structure must consist of stone pads at least 25 feet in length, also
covered with crushed stone.
 Crossing structures can be bridges or culverts/pipes of any material that can support the fully
loaded equipment expected. The minimum size culvert must be 24 inches.
Construction/Installation Specifications
 Clearing and excavation of the streambed and banks must be minimized. Do not grade and grub
the site. For best results, remove by hand or chainsaw only the vegetation growing within the
approach pads and crossing area. Place pipe or structure at the crossing location, and place rock
on approach pads and crossing pipe/structure.
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The approaches to the structure must consist of stone pads with a minimum thickness of 6 inches,
a minimum width equal to the width of the structure and a minimum approach length of 25 feet
on each side.

Inspection and Maintenance
 The structure must be inspected after every storm event and at least once a week. Repair all
damages immediately. The structure must be removed as soon as it is no longer necessary for
project construction. Take care during removal not to damage shrubs, trees, and other vegetation
that was left intact when the crossing was built.
 After removing the structure, completely restore the stream immediately to its original crosssection and properly stabilize it with vegetation, mulch, ECBs, or TRMs as necessary.
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Bioengineering: Live Staking
Description/Purpose
Live stake planting involves inserting and tamping live, rootable vegetative tree or shrub cuttings
(e.g., willow, ash, alder) into moist streambanks in a manner that allows the stake to take root and grow.
Live stakes create a root mat that stabilizes the soil by reinforcing and binding soil particles together and
by extracting excess soil moisture. Growing stakes also provide physical armoring of streambanks against
high-velocity flows. This practice is commonly used in conjunction with other practices to provide for a
more stable site condition (i.e., used to anchor blankets, coir mats, TRMs, straw rolls). Live stakes can be
used for the following:
 Repair of small earth slips and slumps.
 Gullies and stream channels can be live-staked. Areas best suited to staking are the bottoms and
banks of small gullies and bare gully banks.
 Live stakes can be inserted or driven through interstices or openings in gabions,
riprap, or articulated block.
 Live willow stakes can be used to anchor and enhance the effectiveness of willow wattles, straw
rolls, coir rolls, TRMs, coir mats, and other erosion control materials.
 Willow staking enhances conditions for natural invasion and the establishment of other plants
from the surrounding plant community.
 Willow establishment can improve aesthetics and provide wildlife habitat.
 As a temporary measure, live willow staking performs an important function of stabilizing and
modifying the soil, serving as a pioneer species until other plants become established.
 Several species of willow will grow from cuttings in less favorable soil conditions such as road
fills and gullies in bare denuded land. Even in very unfavorable sites, willow cuttings will often
grow vigorously for a few years before they die out.
Advantages/Limitations
Using a system of live stakes or poles can create a root mat that stabilizes the soil by reinforcing and
binding soil particles together. Stake establishment can improve aesthetics and provide wildlife habitat.
As a temporary measure, live staking performs an important function of stabilizing and modifying the
soil, serving as a pioneer species until other plants become established. Stakes can play an important
geotechnical function of buttressing and arching.
Live staking must be implemented during the dormancy period of chosen plant species, late fall to early
spring. If native species (e.g., willow, ash, and alder) are not found in the vicinity, live staking might not
be a good option. Streambanks and steep slopes are highly susceptible to erosion and damage from
significant storm events, and live stakes alone provide very little initial site protection during the
establishment period.
Design Criteria
Live stakes can be specified for streambanks with slopes of 3:1 or flatter. Steeper slopes will require
grooving or benching and ECBs that can withstand expected shear stresses.
 Live stake harvest and installation should be performed during the dormant season, late fall to
early spring.
 Use site reconnaissance to identify willow species, growth form, and soil and site conditions on
adjacent sites and compare their conditions to the construction site.
 Choose plant material adapted to the site conditions and confirm the availability of plant material
that will be used onsite before construction begins.
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Construction/Installation Specifications
Harvesting
 Stakes must be harvested and planted when the willows (or other chosen species) are dormant.
This period is generally from late fall to early spring or before the buds start to break.
 When harvesting cuttings, select healthy, live wood that is reasonably straight. Harvest live wood
at least 2–5 years old. Avoid suckers of the current year’s growth because they lack sufficient
stored energy reserves to sprout consistently. Stakes should be cut so that a terminal bud scar is
within 1–4 inches of the top. At least two buds or bud scars must be above the ground after
planting.
 Cuttings should generally be three-quarters of an inch in diameter or larger depending on the
species, and 2 to 3 feet in length. Larger diameter cuttings are needed for planting into rock
riprap. Cuttings of small diameter stock (up to 1.5 inches) must be 18 inches long minimum.
Thicker cuttings should be longer.
 Make clean cuts with unsplit ends. Trim branches from cutting as close as possible. The butt end
(i.e., end closest to the ground) of the cutting must be pointed or angled and the top end (away
from the soil) must be cut square, to aid in soil penetration, tamping, and growth.
 The top, square cut can be painted and sealed by dipping the top 1–2 inches into a 50-50 mix of
light colored latex paint and water. Sealing the top of the stake will reduce the possibility of
desiccation and disease, assure the stakes are planted with the top up, and make the stakes more
visible for subsequent planting evaluations.
 Stakes should be soaked in water for 5–7 days to prevent drying out and planted the same day
they are removed from the water.
Installation
 Install live stakes only on streambanks that have been graded and prepared for planting. ECB
installation is strongly recommended for bank areas below the 2-year peak flow line; ECBs are
recommended for upper portions of the bank. Stone toe protection is recommended for the toe of
the slope at the waterline.
 Use an iron stake, bar, or other suitable instrument to make a pilot hole in firm soil. Plant stakes
1–3 feet apart, closer on steeper slopes and on the outside of bends, farther apart on flatter slopes
and the inside of bends. No less than one-half of total length must be into the ground. Set the
stake as deep as possible into the soil, preferably with 80 percent of its length into the soil and in
contact with the midsummer water table.
 Tamp the soil around the cutting. Do not damage the buds, strip the bark, or split the stake during
installation. Split or damaged stakes must be removed and replaced.
 Stakes must be planted with butt ends into the ground. Leaf bud scars or emerging buds should
always point up.
Inspection and Maintenance
 All temporary and permanent erosion and sediment control practices must be maintained and
repaired as needed to assure continued performance of their intended function.
 Replace stakes that do not sprout after 45 days if possible, or wait until the following dormant
season to harvest and replant.
 Streambanks and steep slopes are highly susceptible to erosion and damage from significant
storm events. Willow stakes alone provide very little initial site protection during the
establishment period. Use TRMs for temporary protection until stakes are established and to
protect any bare areas.
 Periodic inspection repair and maintenance will be required during the first 2 years or until the
vegetation is established.
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Wattles (Live Fascines)
Description/Purpose
Wattles or live fascines are long, small-diameter, live branch cuttings, usually willows, bound together to
create a log-like structure that will root, grow, and provide plant cover to help stabilize slopes and
streambanks. On dry slopes the bundles are placed horizontally along the slope contour to create a
terraced slope. On wet slopes (slopes with seepage) the wattles are placed on an angle to facilitate
drainage of water from the slope.
Thickly vegetated wattle and fascine bundles reduce erosion and stabilize streambank slopes in several
ways:
 The wattle bundles, binding rope, and stakes are all structural components that combine to
physically stabilize the surface layers of the slopes by resisting hydraulic and gravitational forces.
 Wattle bundles prevent rills and gullies by reducing the effective slope length, which dissipates
the energy of water moving downslope. Wattles immediately reduce surface erosion.
 The terraces formed by a series of wattles trap sediment, detritus, and seed. Infiltration is
increased as runoff is slowed, and on dry sites, this increases the available water for plant
establishment.
 Vegetation establishment is enhanced because wattling provides a suitable microsite for plants by
reducing surface erosion, increasing infiltration rates and by forming a series of terraces with
shallower slope angles.
Wattling can be used for road fills, road cuts, gullies or slumped areas, eroded slopes or eroding
streambanks as follows:
 Repair of small earth slips and slumps or to protect slopes from shallow slides 1–2 feet deep.
 Wattling can be used to stabilize entire cut or fill slopes, step-grades or small benches, or
localized gully areas of slopes along waterbodies.
 Wattling can be installed during construction (dormant season) or as a remedial action on existing
slopes.
 Wattling is useful on slopes requiring other planting materials such as woody vegetation,
transplants, grasses, and forbs. Wattling also enhances conditions for natural invasion and the
establishment of other plants from the surrounding plant community.
Advantages/Limitations
Wattles provide good erosion and sediment control protection once established. The vegetation provides
wildlife habitat and food and may improve water quality. Large equipment is not necessary except to
slope the bank if necessary. This technique causes relatively little site disturbance. However, runoff from
long or steep slopes can undermine wattles. Because reinforcement does not penetrate the bank as deeply
as other techniques, it is not as immediately effective.
Design Criteria
Wattles can be specified for streambanks with slopes of 3:1 or flatter. Steeper slopes will require
grooving, step-grading, or benching; ECBs that can withstand expected shear stresses. Choose plant
material adapted to the site conditions and confirm the availability of plant material that will be used
onsite before construction begins.
 The ideal plant materials for wattling are those that (1) root easily; (2) are long, straight and
flexible; and (3) are in plentiful supply near the job site. Willow makes ideal wattling material.
 When choosing live willow material for bioengineering applications, remember that young (less
than one year old) wood or suckers will often sprout easier under optimum conditions, but
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healthy, older wood (1–4 years old) has the greater vegetative (energy) reserves necessary to
consistently sprout and is much stronger. If possible, mix younger wood with older wood for the
bioengineering application so that a majority of the material is 1 to 4 years old.
Spacing of contour trenches (wattles) is determined by soil type, potential for erosion, and slope
steepness. Addition of rock toe slope protection where water surface meets the streambank is
often helpful in reducing scour and bank slump. Installation of mulch or ECBs on slopes flatter
than 4:1 and TRMs on steeper slopes is highly recommended.

Construction/Installation Specifications
Wattle Preparation
 Cuttings must be harvested and planted when the willows, or other chosen species, are dormant.
This period is generally from late fall to early spring.
 Choose plant materials that are adapted to the site conditions from species that root easily. A
portion (up to 50 percent) of the bundle can be of material that does not root easily or can be dead
material.
 The cuttings should be long (3 feet minimum), straight branches up to 1.5 inches in diameter.
Trimmings of young suckers and some leafy branches can be included in the bundles to aid
filtration. The number of stems varies with the size and kind of plant material.
 Cuttings must be tied together to form bundles, tapered at each end, 6–30 feet in length,
depending on site conditions or limitations in handling.
 The completed bundles should be 6–12 inches in diameter, with the growing tips and butt ends
oriented in alternating directions.
 Stagger the cuttings in the bundles so that the tips are evenly distributed throughout the length of
the wattle bundle.
 Wattle bundles must be compressed and tightly tied with rope or twine of sufficient strength and
durability. Polypropylene tree rope approximately 3/16-inch diameter provides the necessary
strength and durability.
 Wattle bundles must be tied 12–15 inches apart.
 For optimum success, wattles should be presoaked
for 24 hours or installed on the same day they are
harvested and prepared. The wattles should be
installed within 2 days after harvest unless
presoaked. Wattles must be stored in the shade and
under cover or under water. They are live material
and should be treated as such.
Installation
 Work must progress from the bottom to the top of
the slope. For spacing and use of blankets/mats on
slopes, see the design section.
 Perform any slope repairs, such as gully repair,
slope scaling, diversion dike, gabion, or toe wall
Figure 22. Illustration of wattles installed
construction, before installing the wattle.
on a slope. (KY BMP Manual, 2007)
 Beginning at the base of the slope, dig a trench on
contour. The trench must be shallow, about one-half the diameter of the wattle. The trench width
will vary from 12–18 inches depending on the slope angle.
 Install wattles into trenches dug into the slope on contour. Place the wattles immediately after
trenching to reduce desiccation of the soil.
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Wattles must be staked firmly in place with one row of construction stakes on the downhill side
of the wattling, not more than 3 feet apart. A second row of stakes must be placed through the
wattles, near the ties, at not more than 5 feet apart.
Overlap the tapered ends of adjacent wattles so the overall wattle thickness of the wattle is
uniform. Two stakes must be used at each bundle overlap such that a stake can be driven between
the last two ties of each wattle.
Live stakes, if specified, are generally installed on the downslope side of the bundle. Drive the
live stakes below and against the bundle between the previously installed construction stakes.
Proper backfilling is essential to the successful rooting of the wattles. Backfill wattles with soil
from the slope or trench above. The backfill must be worked into the wattle interstices and
compacted behind and below the bundle by walking on and working from its wattling terrace.
Place moist soil along the sides of the live bundle. The top of the bundle should be slightly visible
when the installation is completed.
Repeat the preceding steps for each row, up to the top of the slope.
Plant the slope with other vegetation (e.g., live stakes, tree seedlings) as specified.
Seed and mulch slope. Shallow slopes, generally 3:1 or flatter can be seeded and mulched by
hand. Steeper slopes should have seed applied hydraulically, and the mulch must be anchored
with tackifier or other approved methods if TRMs are not used.

Inspection and Maintenance
 Inspect and maintain the wattle installations regularly, particularly during the first year.
 Repairs must be made promptly. Stakes that loosen because of saturation of the slope or frost
action must be reinstalled.
 Rills and gullies around or under wattles must be repaired. Use ECBs or TRMs if necessary to
control scouring and gullying.
 Repairs to vegetative practices must be made promptly.
 All temporary and permanent erosion and sediment control practices must be maintained and
repaired as needed to assure continued performance of their intended function.
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Brushlayering
Description/Purpose
Brushlayering is the installation of horizontal alternating layers of soil, cuttings, and branches of easily
rooted tree species, which are layered between successive lifts of soil fill to construct a reinforced slope or
embankment. The vegetated end of the brush layers acts as live fences that can catch material moving
down the slope. As the root system develops, the roots bind the soil together, which strengthens the slope.
This BMP is used to stabilize slopes, particularly road fill slopes where construction has or will result in
unstable soil conditions. The brushlayer branches, especially after rooting, reinforce slopes by serving as
tensile inclusions that provide frictional resistance to sliding or other types of displacement. The
protruding brush retards runoff and reduces surface erosion.
Brushlayering is best used concurrently with construction of fill slopes or embankments. Brushlayering is
similar in principle to other reinforced earth practices except that the reinforcing material is live branches.
This practice is also a good remedial action intended to repair gullies or existing slopes. Brushlayering
performs several functions for erosion control, earth reinforcement, and slope stability:
 Breaking up the slope length into a series of shorter slopes separated by rows of brush layer
 Reinforcing the soil with the unrooted branch stems
 Reinforcing the soil as roots develop, adding significant resistance to sliding or shear
displacement
 Providing slope stability and allowing vegetative cover to become established
 Trapping debris on the slope
 Aiding infiltration on dry sites and drying excessively wet sites
 Adjusting the site’s microclimate, thus aiding seed germination and natural regeneration
 Redirecting and mitigating adverse slope seepage by acting as horizontal drains
Advantages/Limitations
Brushlayering provides good immediate soil reinforcement and slope dewatering. This technique is more
effective than wattles in terms of mass stability. The vegetation provides wildlife habitat and food and can
improve water quality.
The installation for bank reconstruction is very labor intensive and requires a large amount of plant
material. Large equipment might be necessary for cut and fill. This technique can be very disruptive to
native soil. It is important to install in phases and not excavate more material than necessary.
Design Criteria
Brushlayering is specified where significant streambank grading work or new streambank construction
occurs. Live branch cuttings are oriented perpendicularly to the slope contour (i.e., up and down the hill),
placed in a series of stair-step trenches on the slope, and covered with soil.
 Plant material harvest and installation should be performed during the dormant season, late fall to
early spring.
 Use site reconnaissance to identify willow or other species, growth form, soil and site conditions
on adjacent sites and compare their conditions to the construction site. Planting will be more
successful as the soil, site conditions and species selected match stable and vegetated nearby sites.
 The ideal plant materials are those that (1) root easily, (2) are long, straight and flexible, and
(3) are in plentiful supply near the job site. Willow makes ideal material.
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Choose plant material adapted to the site conditions and confirm the availability of plant material
that will be used onsite before construction begins.
If branch cuttings are not presoaked for at least 24 hours, they must be harvested no earlier than
48 hours before installation. Cuttings must be kept moist and cool at all times between cutting
and installation. All cuttings need to be thoroughly wet and covered with moistened wrapping
before being transported.
Construction personnel must be made aware that brushlayering uses live plant material and it
must be treated as such.
Spacing between the brushlayers is determined by the erosion potential of the slope (i.e., soil
type, rainfall, and length and steepness of the slope). Spacing can be from 3 to 8 feet. On long
slopes, brushlayer spacing should be closer at the bottom and spacing can increase near the top of
the slope.
Slopes flatter than 4:1 can be layered, seeded, and protected with mulch or ECBs. Steeper slopes
will require TRMs below the 2-year peak flow line. Steep slopes (1:1) should not exceed
approximately 30 feet in slope length. Reinforced earth design guidelines suggest that the slope
height should not exceed three times the width of the reinforced volume. Therefore, for
brushlayering with 6–8 foot long cuttings, the slope height should not exceed 18–24 feet.
Stabilization of slopes on the outside bends of streams will likely require vegetative, structural, or
other armoring in addition to brushlayering, to handle the higher-flow velocities and sheer
stresses encountered.

Construction/Installation Specifications
Cuttings must be harvested and planted when the willows, or other chosen species, are dormant. That
period is generally from late fall to early spring. Choose plant materials that are adapted to the site
conditions from species that root easily.
Brush layer installations begin at the base of the slope and proceed upward. The surface on which the
brushlayers are placed should slope back into the slope slightly (approximately 10 to 20 degrees off
horizontal). Live branches are placed in a crisscross or overlapping pattern with growing tips facing the
outside face of the slope. Backfill is placed on top of the branches and compacted. Brushlayer rows
should vary from 3 to 10 feet (0.9 to 3 meters) apart along the slope depending on the slope angle, site
and soil conditions, and position on the slope. Long straw or similar mulching material should be placed
between rows on 3:1 or flatter slopes. Jute fabric or hold-down netting should be used on steeper slopes.
Seed and mulch the slope, or install ECBs or TRMs as needed. Shallow slopes, generally 3:1 or flatter
might be seeded and mulched by hand. Steeper slopes should have seed applied hydraulically, and the
mulch must be anchored with tackifier if other approved methods of TRMs are not used.
Inspection and Maintenance
Regularly inspect and maintain bioengineering installations, particularly during the first year. To prevent
major problems from developing, promptly correct any failures.
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G. GOOD HOUSEKEEPING AND OTHER RUNOFF CONTROLS
Good housekeeping practices are not typically entered on site maps or drawings but are cited in the BMP
plan and standard notes. Good housekeeping practices offer a practical and cost-effective way to maintain
a clean and orderly facility to prevent potential pollution sources from coming into contact with
stormwater. Good housekeeping practices also help to enhance safety and improve the overall work
environment. These practices are included as part of the construction operations and management process.
Good housekeeping practices include plans, procedures, and activities, such as orderly storage of
construction materials, prompt cleanup of spills, and proper disposal of toxic and hazardous wastes. These
practices are designed to prevent or minimize the use of materials that could become pollutants or their
exposure to the weather.
Good housekeeping practices seek to reduce or eliminate pollutants being added to construction site
runoff through analysis of pollutant sources, implementing proper handling and disposal practices,
employee education, and other actions. Common areas where good housekeeping practices should be
followed include areas where trash containers are kept and adjacent areas, material storage areas, vehicle
and equipment maintenance areas, and sanitary facility areas.
In general, good housekeeping can be easily and simply implemented and focuses on keeping the work
site clean and orderly, storing materials under a roof whenever possible, and handling materials and
wastes in a manner that minimizes risk and potential pollutant runoff. A variety of good housekeeping
practices have been developed to reduce or eliminate runoff pollutants. These practices—along with
relevant application information—are summarized in the following sections.
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Material Delivery, Storage, and Use
Description/Purpose
This is the practice of receiving, processing, storing, and
using materials in a manner that minimizes the risk of
spills and pollution of stormwater runoff from the use of
construction materials. Materials of concern include soil,
pesticides, herbicides, fertilizers, petroleum products,
asphalt and concrete components, and hazardous
chemicals such as paints, solvents, adhesives, and curing
compounds.
Developing practices for material delivery, storage, and
use, and response procedures for spills are necessary to
prevent the material from being spilled or otherwise
coming into contact with runoff.
Advantages/Limitations
 Space limitations could preclude indoor storage.
 Storage sheds must meet building and code
requirements.
 Alternative materials which are less hazardous
or polluting might be more difficult to obtain or
could require different preparation and use.
 Fire codes could be applicable for material storage.

Figure 23. Illustration showing construction
materials with secondary containment and
overhead cover to prevent stormwater
contamination. (USEPA, 2007)

Implementation
 Designate specific areas of the construction site for material delivery and storage.
 Place material storage areas near the construction entrance and away from drainage systems,
waterways and storm drain inlets.
 Where possible, place materials designated for outside storage in locations that will be paved.
 Install barriers around storage areas or containment berms or rock check dams between stored
materials (e.g., topsoil, fertilizer) and the site drainage system.
 Minimize onsite storage of materials and schedule delivery of material for when it will be needed.
 Minimize hazardous materials stored onsite.
 Label and store all hazardous or toxic materials in a covered area or indoors if possible.
 Provide secondary storage for materials.
 Keep materials in original containers and labeled.
 Keep containers tightly sealed after use.
 Train employees and subcontractors in proper material delivery, handling, and storage practices.
 Keep ample supply of appropriate spill cleanup materials near storage areas.
Inspection and Maintenance
 Inspect material storage area weekly and after each rainfall greater than one-half inch.
 Inspect material storage areas for cleanliness, spills, and leaks.
 Clean up spills promptly; keep spill kits nearby.
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Spill Prevention and Control
Description/Purpose
Spill prevention and control procedures and practices are implemented to prevent and control spills and to
establish spill response and control actions by anticipating when and how spills might occur and
instituting defined actions for spill containment and cleanup. Spill prevention and control measures must
be implemented anytime chemicals or hazardous substances are used, stored, or handled at the
construction site. Substances can include
 Pesticides/herbicides
 Fertilizers
 Petroleum products
 Lubricants
 Soil stabilizers/binders
 Other construction chemicals and pollutants
Advantages/Limitations
Leaks and spills can significantly pollute runoff from a construction site. Prepare for potential spills by
reducing the chance for spills to occur, stopping the source of spills, containing and cleaning up spills,
properly disposing of spill material, and training employees. Planning and prevention can minimize spills
at a construction site. Trained employees with the proper spill response equipment can also prevent spills
from polluting runoff.
Implementation
 Store materials away from drainage systems, waterways and storm drain inlets.
 Store hazardous or toxic materials indoors if possible, or in other areas safe from vehicular traffic,
vandals, and equipment movement.
 Place a stockpile of spill cleanup materials where it can be easily accessed.
 Train employees and subcontractors on spill prevention and response.
 Identify personnel responsible for responding to a spill of toxic or hazardous materials.
 Fix leaks and contain and cleanup spills immediately.
 Use dry methods to cleanup spills—never hose down or bury spill materials.
 Dispose of contaminated materials such as absorbent material or containers of spill material
properly.
 Follow local or state requirements for a release of a hazardous substance or of oil in an amount
that exceeds a reportable quantity as defined at Title 40 of the Code of Federal Regulations
(CFR) Part 110, 40 CFR Part 117, or 40 CFR Part 3.2.
Construction sites and other facilities that have aboveground storage capacity in excess of 1,320 gallons
for petroleum products are required to comply with federal regulations posted at 40 CFR Part 112, which
mandates the preparation and implementation of a Spill Prevention, Control, and Countermeasure (SPCC)
Plan. The purpose of the SPCC Plan is to establish procedures, methods, and equipment to prevent or
mitigate the discharge of oil from nontransportation-related onshore and offshore facilities into or upon
the navigable waters of the United States. SPCC Plans must be prepared in accordance with sound
engineering practices.
Inspection and Maintenance
 Routinely inspect equipment and vehicle maintenance areas and material storage areas for leaks
or spills.
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Maintain an ample supply of cleanup materials at all designated areas where leaks and spills are
likely to occur and stock appropriate cleanup materials whenever changes occur in the types of
chemicals used or stored onsite.
Containment structures or other perimeter controls must be inspected and repaired when signs of
degradation are visible.
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Vehicle and Equipment Maintenance
Description/Purpose
Vehicle and equipment maintenance are policies and procedures that specify how and where vehicles and
equipment will be cleaned, fueled, and maintained in a manner that minimizes risks for spills and runoff
of pollutants.
Vehicle and equipment maintenance conducted onsite is a potentially significant source of runoff
pollution. Activities that can contaminate stormwater runoff include vehicle and equipment washing,
engine repair and service, changing or replacing vehicle and equipment fluids, and onsite parking and
storage.
Advantages/Limitations
Vehicle and equipment cleaning, fueling, and maintenance should ideally be conducted at an offsite
facility. When cleaning, fueling, or maintenance must be conducted at the construction site, properly
trained employees should do it in designated areas. Practices to properly clean, fuel, and maintain vehicles
and equipment will help prevent and minimize spills from these activities. This practice will also
minimize the exposure of oil and grease, hydrocarbons, and other pollutants in runoff from the
construction site.
Implementation
 Conduct fueling, major maintenance and repair, and vehicle washing offsite as much as possible.
 If storing fuel onsite, specify double-containment systems and site fuel tanks on upland areas well
away from stormwater drainage ditches, inlets, and streams.
 If maintenance or fueling must occur onsite, designate an area away from waterways and storm
drain inlets.
 Do not store batteries, oil, or other materials where they could be exposed to runoff.
 Use drip pans or absorbents under leaking vehicles or equipment.
 Properly dispose of used oil, lubricants, grease, and spill cleanup materials.
 When washing vehicles or equipment, locate washing away from waterways or storm drain inlets,
use phosphate-free, biodegradable soaps, and minimize the amount of water used.
 When fueling onsite, minimize mobile fueling; instead, designate a fueling location and bring
vehicles and equipment to the designated fueling location.
 Protect onsite cleaning, fueling, and maintenance areas with berms, dikes, or other barriers.
 Train employees and subcontractors in maintenance and spill cleanup procedures.
Inspection and Maintenance
 Inspect vehicles and equipment daily for damaged hoses, leaky gaskets, or other service
problems. Leaks must be repaired immediately or be removed from the construction site.
 Check fueling area for any leaks or spills, and ensure that spill cleanup kits are available and fully
stocked.
 Maintain waste fluid containers in leak-proof condition.
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Debris and Trash Management
Description/Purpose
Debris and trash management practices are designed to minimize the generation of waste and to handle
and dispose of waste in a manner that minimizes risks to surface waters. These practices should include
designated waste-collection areas and waste containers, debris and trash disposal schedules, and employee
and subcontractor training.
Large volumes of debris and trash are often generated at construction sites, including packaging, pallets,
wood waste, concrete waste, soil, electrical wiring, cuttings, and a variety of other materials. Several
techniques and procedures are used to minimize the potential of stormwater contamination from solid
waste through appropriate storage and disposal practices. Recycling construction debris also reduces the
volume of material to be disposed of and the associated costs. Debris and trash management should be a
part of all construction practices. By limiting the trash and debris onsite, stormwater quality is improved
along with reduced cleanup requirements at the completion of the project.
Advantages/Limitations
An effective waste management system requires training and signage to promote awareness of the hazards
of improper storage, handling, and disposal of wastes. The only way to be sure that waste management
practices are being followed is to be aware of employee habits and to inspect storage and disposal areas
regularly. Extra management time might be required to ensure that all employees are following the proper
debris and trash management practices.
Implementation
Solid waste management for construction sites is based on proper storage and disposal practices by
construction workers and supervisors. Key elements of the program are education and modification of
improper disposal habits. Supervisors and workers must cooperate and be vigilant to ensure that the
recommendations and procedures are followed.
Following are lists describing the targeted materials and recommended procedures.
Construction (and Demolition) Debris
 Dimensional lumber
 Miscellaneous wood (e.g., pallets, plywood)
 Copper (pipe and electrical wiring)
 Miscellaneous metal (e.g., studs, pipe, conduit, sheathing, nails)
 Insulation
 Concrete, brick, and mortar
 Shingles
 Roofing materials
 Gypsum board
Trash






Paper and cardboard (packaging, containers, wrappers)
Plastic (packaging, bottles, containers)
Styrofoam (cups, packing, and forms)
Food and beverage containers
Food waste
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Storage Procedures
 Stress to employees the importance of keeping the work site clean of litter debris.
 Wherever possible, minimize production of debris and trash.
 Designate a foreman or supervisor to oversee and enforce proper debris and trash procedures.
 Instruct construction workers in proper debris and trash storage and handling procedures.
 Use berms, dikes, or other barriers to prevent run-on from coming into contact with stored solid
waste.
 Segregate potentially hazardous waste from nonhazardous construction site debris.
 Segregate recyclable construction debris from other nonrecyclable materials.
 Keep debris and trash under cover either in a closed dumpster or other enclosed trash container
that limits contact with rain and runoff and prevents light materials from blowing out.
 Designate waste-collection areas away from drainage ditches, swales, and catch basins.
 Do not allow trash containers to overflow and waste materials to accumulate on the ground.
 Prohibit littering by workers and visitors.
 Police the site daily for litter and debris.
 Enforce solid waste handling and storage procedures.
Disposal Procedures
 If feasible, reuse or recycle construction and demolition debris such as wood, metal, and concrete.
 Schedule waste collection to prevent containers from overfilling.
 General construction debris can be hauled to a licensed construction debris landfill (typically less
expensive than a sanitary landfill).
 Use waste and recycling haulers or facilities approved by the local jurisdiction.
Education
 Educate all workers on solid waste storage and disposal procedures.
 Instruct workers in identification of solid waste and hazardous waste.
 Have regular meetings to discuss and reinforce disposal procedures (incorporate in regular safety
seminars).
 Clearly mark on all debris and trash containers which materials are acceptable for the container.
Quality Control
 The foreman or construction supervisor should monitor onsite solid waste storage and disposal
procedures.
 Discipline workers who repeatedly violate procedures.
Inspection and Maintenance
 The foreman or construction supervisor should monitor onsite solid waste storage and disposal
procedures.
 Regularly pick up and dispose of all litter and debris.
 Inspect dumpsters for leaks and secure covers.
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Hazardous Waste Management
Description/Purpose
Hazardous waste management practices serve to address the problem of stormwater polluted with
hazardous or chemical pollutants from spills or other forms of contact through proper material use, waste
disposal, and training of employees and subcontractors.
The objective of hazardous materials management is to minimize the potential of stormwater
contamination from construction chemicals through appropriate recognition, handling, storage, and
disposal practices. Chemical management is not intended to supersede or replace normal site assessment
and remediation procedures. Significant spills or contamination warrant immediate response by trained
professionals. Suspected job-site contamination should be immediately reported to regulatory authorities
and protective actions taken. These management practices, along with applicable Occupational Safety and
Health Administration (OSHA) and EPA guidelines, should be incorporated at all construction sites that
use or generate hazardous wastes. Many chemicals such as fuel, oil, grease, fertilizer, and pesticides are
present at most construction sites.
Advantages/Limitations
These practices provide general hazardous waste management guidelines but do not relieve the contractor
from full responsibility of complying with federal, state, or local regulations regarding the storage,
handling, transportation, and disposal of hazardous wastes. Major contamination, large spills, and other
serious hazardous waste incidents require immediate response from trained professionals.
Implementation
The hazardous management practices presented here are based on proper recognition, handling, and
disposal practices by construction workers and supervisors. Key elements are education and proper
disposal practices, as well as provisions for safe storage and disposal.
Targeted Chemical Materials
 Paints
 Solvents
 Stains
 Wood preservatives
 Cutting oils
 Greases
 Roofing tar
 Pesticides, herbicides, and fertilizer
 Fuels and lube oils
 Antifreeze
Storage Procedures
 Wherever possible, minimize the use of hazardous materials and generation of hazardous wastes.
 Segregate potentially hazardous waste from nonhazardous construction site debris.
 Designate a foreman or supervisor to oversee hazardous materials handling procedures.
 Properly label and store chemicals in appropriate containers (closed drums or similar containers)
and under cover.
 Store hazardous wastes away from drainage ditches, swales, and catch basins.
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Use secondary containment for all hazardous waste containers and containment berms in fueling
and maintenance areas and where the potential for spills is high.

Waste Handling
 Clearly designate hazardous-waste collection areas onsite and ensure that adequate hazardouswaste storage volume is available.
 Minimize water usage during paint wash-up. Dispose of paint wash water with other liquid
wastes. Do not dispose of wash water in ditches or stormwater inlets.
 Reuse or recycle all products such as paint, thinners, and so on until supplies are depleted. Do not
dispose of liquid wastes on pavement or near ditches or stormwater inlets.
 Allow paint rollers, drop cloths, cans, and other wastes to dry thoroughly, and then discard in
solid waste containers.
 Recycle or dispose of all liquid wastes in accordance with material safety data sheets or
manufacturer’s recommendations.
 Do not allow potentially hazardous waste materials to accumulate.
 Enforce hazardous waste handling and disposal procedures.
 Clearly mark on all hazardous waste containers which materials are acceptable for the container.
Disposal Procedures
 Ensure that adequate cleanup and containment materials are available onsite.
 Regularly schedule hazardous-waste collection and removal to minimize onsite storage.
 Use only licensed hazardous waste haulers.
Education
 Instruct workers on safety procedures for construction site chemical storage.
 Instruct workers in identification of chemical pollutants.
 Ensure that workers are trained in procedures for spill prevention and response.
 Educate workers of potential dangers to humans and the environment from hazardous wastes.
 Educate all workers on waste storage and disposal procedures.
 Have regular meetings to discuss and reinforce identification, handling, and disposal procedures
(incorporate in regular safety seminars).
 Establish a continuing education program to train new employees.
Quality Assurance
 The foreman or construction supervisor must monitor onsite chemical storage and disposal
procedures.
 Educate and, if necessary, discipline workers who violate procedures.
 Ensure that the hazardous-waste disposal contractor is reputable and licensed.
Inspection and Maintenance
 The foreman or construction supervisor should monitor onsite solid waste storage and disposal
procedures.
 Keep waste storage areas clean, well organized, and equipped with cleanup supplies for the
materials being stored.
 Keep inventories of all hazardous materials and wastes being stored onsite.
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Concrete Waste Management
Description/Purpose
Concrete waste management addresses the handling and disposal of concrete waste from
 Concrete that is used as construction material or where concrete dust and debris result from
demolition activities
 Slurries containing Portland cement concrete or asphalt concrete are generated, such as saw
cutting or grinding
 Concrete truck and equipment washing
 Mortar-mixing stations on the construction site
Concrete waste has the potential to affect water quality through stormwater runoff contact with the waste.
The purpose of good housekeeping practices associated with managing these wastes is to prevent
stormwater contamination and effects on receiving waters downstream.
Advantages/Limitations
A number of water quality parameters can be affected by introduction of concrete, especially fresh
concrete. Concrete affects the pH of runoff, causing significant chemical changes in waterbodies and
harming aquatic life. Suspended solids in the form of both cement and aggregate dust are also generated
from both fresh and demolished concrete waste.
Implementation
Unacceptable Waste Concrete Disposal Practices
 Dumping in unmanaged vacant areas on the construction site.
 Illicit dumping away from the construction site.
 Dumping into ditches or drainage facilities.
 Dumping wash water from trucks and chutes into storm drains.
Recommended Disposal Practices
 Avoid mixing excess amounts of fresh concrete or cement mortar onsite.
 If possible, dump waste and wash water into areas prepared for new concrete pouring and spread
waste to prevent runoff from the area.
 Never dump waste concrete illicitly or without the property owner’s knowledge and consent.
 If no future pour site is available, develop other safe concrete disposal areas.
 Temporary concrete washout areas should be away from drainage systems, storm drain inlets, and
waterways.
 The concrete washout area should have a minimum of 6 cubic feet of containment area volume
for every 10 cubic yards of concrete poured.
 Plastic lining material for the concrete washout area must be a minimum of 10-mil polyethylene
sheeting that is free of holes, tears, or other defects.
 Perform washout of concrete trucks in designated areas only.
 Wash water must be discharged in an area protected by one or more sediment removal BMPs and
must be done in a manner that does not result in a violation of groundwater or surface water
quality standards.
 Install proper signage adjacent to each washout facility to inform drivers and equipment operators
to use the proper facilities.
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Concrete wastes washed into designated areas should be allowed to harden, then broken up,
removed, and disposed of according to Solid Waste Management guidelines.

Education
 Drivers and equipment operators should be instructed on proper disposal and equipment washing
practices.
 Supervisors must be made aware of the potential environmental consequences of improperly
handled concrete waste.
Enforcement
 The construction site manager or foreman must ensure that employees and pre-mix companies
follow proper procedures for concrete disposal and equipment washing.
 Employees violating disposal or equipment cleaning directives must be reeducated or disciplined
if necessary.
Demolition Practices
 Monitor weather and wind direction to ensure that concrete dust is not entering drainage
structures and surface waters.
 Where appropriate, construct sediment traps or other types of sediment detention devices
downstream of demolition activities.
Inspection and Maintenance
 The construction site manager or foreman shall monitor onsite concrete washout, waste storage,
and disposal procedures at least weekly.
 Temporary concrete washout areas shall be maintained to provide adequate holding capacity.
Maintaining these areas shall include removing and disposing of hardened concrete.
 Existing washout areas shall be cleaned, or new washout areas shall be installed once the washout
area reaches 75 percent storage capacity.
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Sanitary Facilities
Description/Purpose
Sanitary facilities practices provide facilities for collection and disposal of sanitary waste and ensure that
they are properly managed to minimize the potential contamination of surface water with septic wastes.
Sanitary facility practices are applicable to all construction sites that use temporary or portable sanitary
and septic waste systems.
The purpose of this good housekeeping BMP is to prevent the contamination of stormwater with human
waste and to provide for proper public health protection and employee safety.
Implementation
 Sanitary facilities must be provided on the site in close proximity to areas where people are
working.
 Portable toilets must be provided if no permanent facilities are available.
 Temporary sanitary facilities that discharge directly to the sanitary sewer should be properly
connected in accordance with local requirements to prevent illicit discharges.
 Locate portable toilets away from storm drain inlets, conveyance channels, or surface waters.
 If unable to locate portable toilets away from storm drain inlets, conveyance channels, or surface
waters, you must provide containment for portable toilets.
 Portable toilets should be regularly serviced.
 Only licensed sanitary and septic waste haulers may be used to dispose of waste from temporary
sanitary facilities.
 In areas susceptible to high winds, temporary sanitary facilities must be secured to prevent
overturning.
 Provide training to employees and subcontractors on sanitary waste and disposal practices.
Inspection and Maintenance
 Inspect temporary facilities for leaks and remove facilities if leaks are identified.
 Regularly remove sanitary and septic waste to maintain facilities in good working order.
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Employee Training
Description/Purpose
Employee training is a method used to instill in employees, at all levels of responsibility, a complete
understanding regarding the control of erosion and the runoff of sediment or other pollutants from the
construction site. Training programs includes workshops, meetings, posters, courses, field training
programs and other structured interaction among managers and employees to distribute and discuss
information regarding erosion and sediment control and the general importance of preventing the release
of pollutants to water, land, and air.
Employee training ensures that both employees and subcontractors are aware of and follow appropriate
practices to prevent polluted runoff from leaving construction sites. Education should be provided on
basic requirements, water quality impacts, BMPs, spill response, containment and cleanup, and inspection
or maintenance procedures at construction sites.
Advantages/Limitations
Advantages of an employee training program are that the program can be a low-cost and easily
implementable practice. The program can be standardized and repeated as necessary, both to train new
employees and to keep its objectives fresh in the minds of more senior employees. A training program is
also flexible and can be adapted as construction site needs change over time.
Obstacles to an employee training program include
 Lack of commitment from senior management.
 Lack of employee motivation.
 Lack of incentive to become involved in BMP implementation.
Implementation
Employee training programs function through (1) analyzing training needs, (2) developing appropriate
training materials, (3) conducting training, and (4) repeating training at appropriate times. The training
program should be an ongoing process that includes the following:
 Train both employees and subcontractors.
 Integrate erosion and sediment control training with spill response training, safety training, or
other training where appropriate.
 Conduct demonstrative hands-on field training to show the effectiveness of BMPs or good
housekeeping practices.
 Reinforce training with frequent refreshers.
 Consider posting information on BMPs for employees to read.
 Consider sending employees to erosion and sediment control training courses.
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Part 2: Stormwater Management BMPs
2.1

Introduction

Purpose
The purpose of Part 2 of the Pulaski County Stormwater Management and Drainage Manual is to
describe
 Water quality impacts from developed sites, after construction activities have been completed.
 Pulaski County regulations for the Lake Maumelle watershed that set surface runoff loading rates
to meet water quality objectives.
 Stormwater management approaches and BMP selection to meet the surface runoff loading rates,
including conservation design or performance standards approaches.
 Technical information on specific stormwater management BMPs.
Water quality impacts after construction
Table 3 summarizes some of the potential water quality impacts caused by common stormwater pollutants
and sources.
Table 3. Stormwater pollutant sources and impacts
Stormwater Pollutant and Sources
Increased runoff
Land alterations increase the rate and amount of runoff
from the watershed entering the stream.
Sediment
Dirt and sand on roads, driveways and parking lots or
eroded sediment from pervious and disturbed surfaces
(e.g., construction sites) enters a stream with
stormwater runoff.

Impacts
Carries pollutants, erodes stream channel, land
surfaces, and banks, degrades in-stream habitat and
increases flood potential.
Smothers aquatic habitat, depletes oxygen, reduces
water clarity, degrades aesthetics and carries nutrients
and toxic contaminants.

Nutrients
Excess fertilizers on lawns or fields, failing
septic systems, and animal waste

Stimulates excessive plant growth, lowers dissolved
oxygen levels, degrades aesthetics and destroys native
aquatic life.

Temperature

Harmful to aquatic organisms, promotes spread of
invasive species and excessive plant growth, reduces
dissolved oxygen.

Warmer water caused by runoff from impervious
surfaces, removal of streamside vegetation, and
reduction in groundwater flows.
Bacteria
Potentially pathogenic microscopic organisms in failing
septic systems, sewer overflows, and animal (including
pet) waste.
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Table 3. Stormwater pollutant sources and impacts
Stormwater Pollutant and Sources
Toxic contaminants/heavy metals
Heavy metals such as mercury, cleaning compounds,
pesticides and herbicides, industrial byproducts such as
dioxin, and vehicle leakage of oil, gas, and other fluids.
Total Organic Carbon
Indicator of the concentration of complex organic
molecules in the watershed from both natural and
human sources.

Impacts
Harmful to humans and aquatic life at fairly low levels;
many resist breakdown and some accumulate in fish
and other animal tissues (including human), and can
lead to mutations, diseases or cancer.
High TOC concentrations can lead to the formation of
harmful disinfection byproducts in the drinking water
treatment system.

A General Approach to Stormwater Management
Projects should address stormwater management early in the design process to take advantage of all the
techniques available in reducing stormwater impacts. Below is a recommended hierarchy in addressing
stormwater during the development process.
First, reduce runoff through design: Use site planning and design techniques to reduce impervious
cover and disturbed soils and increase undisturbed land cover (such as forest). Use techniques such as
conservation design or low impact development, protecting critical open space and natural drainage
features, and disconnecting a site’s impervious cover to reduce the generation of stormwater runoff.
Second, reduce pollutants carried by runoff: Use source control and pollution prevention practices
to reduce the exposure of pollutants to rainfall and runoff. Examples include keeping impervious
surfaces clean, educating homeowners on proper yard waste and fertilization methods, handling and
storing chemicals properly, and collecting and recycling hazardous chemicals.
Third, capture and treat runoff: Design stormwater BMPs to collect and treat the stormwater that is
generated after applying the site design and source control methods described above. Some
stormwater collection and treatment can occur in small-scale, distributed practices close to the source
of runoff. Examples include rain gardens, filter strips, and pervious parking. Site designers should
attempt to blend this approach with more conventional practices—such as ponds, stormwater
wetlands, and filters—to produce the most effective BMP design.
Additional considerations during design include
 Where necessary, consider a treatment train approach to managing stormwater. Structural best
management practices are most effective when they can be combined in a treatment train
preferably connected by grass swales or other pretreatment practices. The use of the treatment
train can increase pollutant removal effectiveness, allow for filtration of suspended solids, or
overcome site factors that limit the effectiveness of a single measure.
 Consider maintenance early in the BMP design process. A higher cost BMP may be more costeffective in the long run after maintenance costs are considered. Also, BMPs should be designed
to allow for easy maintenance in the future.
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2.2

Requirements

Chapter 8 of Pulaski County’s Subdivision & Development Code addresses Additional Requirements for
Land Development Located in the Watershed of a Public Water Supply. Chapter 8 (the Ordinance) applies
to land development in the Lake Maumelle watershed and includes the following sections:
Section 8.1 Applicability
Section 8.2 Wastewater Discharge
Section 8.3 Stormwater Management
Section 8.4 Performance Standard Approach for Achieving Surface Runoff Loading Rates
Section 8.5 Conservation Design Approach for Achieving Surface Runoff Loading Rates
Section 8.6 Stormwater Management and Drainage Manuel
Section 8.7 Additional Plat and Site Plan Application Requirements
Section 8.8 Stormwater Management During Construction
Section 8.9 Undisturbed Area
Section 8.10 Very High Slopes
Stormwater Management Plan
A stormwater management plan must be submitted to the county with the Preliminary Plat or Site Plan.
The stormwater management plan must include
• The Surface Runoff Loading Rate Plan
• An Undisturbed Area Vegetation Management Plan
• If BMPs are proposed, a BMP O&M Plan
Each of these plans is described below.
Surface Runoff Loading Rate Plan
New developments must demonstrate that they will achieve the following surface runoff loading rates
(Section 8.3 of the Ordinance):
Total Phosphorus
(pounds/acre/year)

Total Sediment (tons/acre/year)

Total Organic Carbon
(pounds/acre/year)

0.30

0.110

44

The loading rates will be determined through calculations produced by the Site Evaluation Tool (SET).
The output from the SET will serve as the primary documentation for the Surface Runoff Loading Rate
Plan. Additional information on the Surface Runoff Loading Rate Plan can be found in Part III of this
Manual.

Undisturbed Area Vegetation Management Plan
An Undisturbed Area Vegetation Management Plan is required by Ordinance to be submitted as a part of
the Stormwater Management Plan (see Sections 8.7 and 8.9). Undisturbed areas must be maintained in a
vegetated condition in accordance with an Undisturbed Area Vegetation Management Plan. This plan
must include
• A map showing the undisturbed areas, with a description of the type of vegetation in each
area
• The location of the thinning and brush removal within the Undisturbed Area shall be defined.
Trees with a diameter of 6 inches (DBH) or greater cannot be removed. Exceptions for
diseased, insect infested trees or acts of God will be made on a case by case basis. Activities
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must not compact the soil or damage tree roots (for example, bulldozers should not be used,
but handheld equipment and small tractors equipped with a brush hog are appropriate).
A description of any fire management activities (such as fire lines, thinning, and prescribed
burning conducted by a forestry professional according to Arkansas Forestry Commission
guidelines)
Uses of the Undisturbed Area (including hiking or walking trails, fishing, birding, hunting,
and education)
Inspection schedule and responsible party for inspections
Review and update of the plan if necessary (must be conducted at least once per year during
build-out of the development and each 5 years thereafter)

The purpose of the Undisturbed Area Vegetation Management Plan is to provide reasonable measures to
preserve the water quality functions of the natural area. The following management activities are allowed
in areas designated as Undisturbed Area:
1. Thinning and brush removal using equipment that does not compact the soil or damage tree
roots. For example, bulldozers should not be used, but handheld equipment and small tractors
equipped with a bush hog are appropriate
2. Fire management activities such as fire lines, thinning, and prescribed burning conducted by
forestry professionals according to Arkansas Forestry Commission guidelines are appropriate
3. Establishment of native understory grasses and other herbaceous species are appropriate
4. Planting of annual rye grass where bare soil is exposed is appropriate, so long as it is a
component of a permanent restoration plan that includes native vegetation
5. Installation of drip lines for wastewater treated effluent discharge using equipment that does
not compact the soil or damage tree roots. For example, bulldozers should not be used, but
handheld equipment and small tractors equipped with a bush hog are appropriate
6. Uses of Undisturbed Area that are consistent with maintaining the water quality functions of
the area, such as hiking or walking trails, fishing, birding, hunting (as posted), and education
are allowed
An area proposed as Undisturbed Area that was disturbed before development or that will be disturbed for
the purpose of installing approved BMPs, wastewater lines and facilities, utilities, or similar engineered
items, may be designated as an Undisturbed Area provided it is revegetated in accordance with the
Undisturbed Area Vegetation Management Plan. To the extent practicable, the revegetation should retain
or restore the existing canopy coverage of the Undisturbed Area. For definitions of undisturbed area,
please refer to the SET documentation.
The Undisturbed Area Vegetation Management Plan must be certified, during initial development and
after each update, by a registered professional engineer.
The plan should emphasize the establishment of forested land, with native understory grasses and other
herbaceous species, as appropriate. In addition, planting of annual rye grass where bare soil is exposed is
appropriate, as long as it is a component of a permanent restoration plan that includes native vegetation.
Installing drip lines for wastewater-treated effluent discharge using equipment that does not compact the
soil or damage tree roots is also allowed.
BMP O&M Plan (discussed in detail in Part 4)
Described in detail in Part 4 of the Manual, the BMP O&M Plan describes how post-construction BMPs
will be operated and maintained in perpetuity.
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2.3

Stormwater Management Approaches and BMP selection

Achieving Surface Runoff Loading Rates
The County’s Ordinance provides two methods to achieve the required surface runoff loading rates: a
conservation design approach (Section 8.5 of the Ordinance) or a performance standard approach (Section
8.4 of the Ordinance). These two approaches, along with how the SET is to be used to document loading
rates under each approach, are illustrated in Figure 24.
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Figure 24. Flowchart of Surface Runoff Loading Rate Plan development
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Conservation Design approach
The Conservation Design approach limits impervious area and uses the natural landscape and ecology of
the development site to meet stormwater management requirements. The use of structural BMPs
(e.g., detention ponds or constructed wetlands) is not included in a conservation design approach.
Conservation design includes a collection of site design principles and practices that can be combined to
create environmentally sound development. The main principles for conservation design are
1. Flexibility in site design and lot size
2. Thoughtful protection and management of natural areas
3. Reduction of impervious surface areas
4. Sustainable stormwater management
The conservation design approach is implemented by users employing the SET without the use of
structural BMPs. Site designers will need to use the SET to evaluate the site’s surface runoff loading rates
under the conservation design approach against the loading rates specified in the Ordinance. A
conservation design project will typically have a minimum of 30 percent to 50 percent undisturbed area
and a maximum of 10 percent impervious surfaces.
Additional information on conservation design is in Delaware’s Conservation Design for Stormwater
Management (1997) and Northeast Illinois Planning Commission’s Conservation Design Resource
Manual (2003).
Performance standard approach
The performance standard approach manages stormwater runoff from new development by using
structural BMPs or a mix of Conservation Design approaches and structural BMPs to meet the surface
runoff loading rates. Site designers must use the SET to evaluate BMP performance against the loading
rates specified in the Ordinance.
The list of structural BMPs currently considered in the SET includes:
 Bioretention
 Grass Swale
 Permeable Pavement
 Sand Filter
 Vegetated Filter Strip with Level Spreader
 Extended Detention Wet Pond
 Extended Detention Dry Basin
 Extended Detention Stormwater Wetland
 Infiltration Trench/Basin
 Stormwater Reuse
Table 4. Annual percent load reductions for selected structural BMPs
Annual Percent Removal
Structural BMP

TP

TSS

TOC

Bioretention

55%

78%

TBD

Grass Swale

23%

38%

TBD

Permeable Pavement

TBD

TBD

TBD

Sand Filter

60%

86%

TBD

Vegetated Filter Strip with Level
Spreader

38%

63%

TBD
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Table 4. Annual percent load reductions for selected structural BMPs
Annual Percent Removal
Structural BMP

TP

TSS

TOC

Extended Detention Wet Pond

50%

80%

TBD

Extended Detention Dry Basin

15%

49%

TBD

Table 4. Annual percent load reductions for selected structural BMPs
Annual Percent Removal
Structural BMP

TP

TSS

TOC

Extended Detention Stormwater
Wetland

50%

72%

TBD

Infiltration Trench/Basin

TBD

TBD

TBD

---

---

---

Stormwater Reuse

TBD – To Be Determined. Percent removal numbers will be published in the Pulaski County Site Evaluation
Tool Manual and Documentation.

Water Quality Volume
Water Quality Volume (WQv) is the volume of runoff that contains most of the annual pollutant load.
This Manual defines the WQv as the runoff volume generated by the 90th percentile storm event, based on
regional rainfall frequencies. For Lake Maumelle, the 90th percentile rainfall event is 1.5 inches.
There are two primary methods that can be used to determine the volume of runoff from a given design
storm: the Simple Method (Schueler, 1987) and the discrete SCS Curve Number Method (NRCS, 1986).
Both of these methods are intended for use at the scale of a single drainage area. Stormwater BMPs shall
be designed to treat a volume that is at least as large as the volume calculated using the Simple Method. If
the SCS Method yields a greater volume, then it can also be used.
Simple Method
The Simple Method uses a minimal amount of information such as watershed drainage area, impervious
area, and design storm depth to estimate the volume of runoff. The Simple Method was developed by
measuring the runoff from many watersheds with known impervious areas and curve-fitting a relationship
between percent imperviousness and the fraction of rainfall converted to runoff (the runoff coefficient).
This relationship is presented below:
Rv = 0.05 +0.9 * IA
Where: Rv = Runoff coefficient [storm runoff (in)/storm rainfall (in)], unitless
IA = Impervious fraction [impervious portion of drainage area (ac)/drainage area (ac)], unitless.
Once the runoff coefficient is determined, the volume of runoff that must be controlled is given by the
equation below:
V = 3630 * RD * Rv * A
Where: V = Volume of runoff that must be controlled for the design storm (ft3)
RD = Design storm rainfall depth (in) (1.5”)
A = Watershed area (ac)
Monitoring Plan. For structural BMPs with designs substantially altered from specifications in this
Manual, or that have not been previously demonstrated in the watershed, the County may request the
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developer to conduct demonstration monitoring through a monitoring plan implemented as part of the
first phase of the development. In these specific cases, the developer must design the monitoring plan
such that the results are reasonably representative of BMP performance, and the monitoring is performed
for a period sufficient to capture representative storm events. Monitoring must continue for a minimum of
3 years unless the county has agreed that a shorter period is adequate for the proposed development and
proposed BMPs. The design of the monitoring plan and the cost of the monitoring plan must be shared by
the county and the developer. If the county and the developer are not able to agree on the terms of a
monitoring plan, the Planning and Development Department will retain an independent registered
professional engineer to prepare and implement a monitoring plan, and the county and developer will
equally share the cost.
Developers should use the Water Environment Research Foundation’s (WERF) 2009 Urban Stormwater
BMP Performance Monitoring Guidance (2009) in designing the monitoring plan for their BMPs (see
http://bmpdatabase.org/MonitoringEval.htm#MonitoringGuidance).
When Monitoring Shows Loading Rates are not Being Met. If monitoring shows loading rates are not
being met (as described in Section 8.4.E of the Ordinance), the developer is required to mitigate the
excess loading by implementation of one or more of the following measures:
1. Rehabilitation or maintenance of the BMP or installation of additional BMPs and/or additional
monitoring to demonstrate compliance with the Surface Runoff Loading Rates.
2. Dedication of sufficient mitigation lands within the development or in another area of the
subwatershed as Undisturbed Area to mitigate the excess loading. The Pulaski County Planning
Board may require, as a condition of plat approval, that the developer identify and preserve
reasonably sufficient lands owned by the developer within the same subwatershed as the
development to enable the board to designate such lands for mitigation if that becomes necessary.
3. Completion of a Compensatory Environmental Project on another property in the same
subwatershed as the development to mitigate the excess loading.

June 2010
Part 2.3 Stormwater Management Approaches and BMP selection

119

Pulaski County Stormwater Management and Drainage Manual

2.4

Stormwater BMP Standards

Fact sheets on design standards are provided for the following BMPs:











Bioretention
Grass Swale
Permeable Pavement
Sand Filter
Vegetated Filter Strip with Level Spreader
Extended Detention Wet Pond
Extended Detention Dry Basin
Extended Detention Stormwater Wetland
Infiltration Trench/Basin
Stormwater Reuse
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Bioretention
Description/Purpose
Bioretention cells (also referred to as bioretention filters or rain gardens) capture and temporarily store
stormwater runoff in shallow basins or landscaped areas and filter it through soil and vegetation that
removes pollutants. A bioretention cell typically consists of a grass buffer strip, ponding area, organic or
mulch layer, planting soil, and vegetation. Each of the components of the bioretention area is designed to
perform a specific function. The grass filter strip (or grass channel) reduces incoming runoff velocity and
filters particulates from the runoff. The ponding area provides for temporary storage of stormwater runoff
before its evaporation, infiltration, or uptake and provides additional settling capacity. The organic or
mulch layer provides filtration and an environment conducive to the growth of microorganisms that
degrade hydrocarbons and organic material. The planting soil in the bioretention facility acts as a
filtration system, and clay in the soil provides adsorption sites for hydrocarbons, heavy metals, nutrients
and other pollutants. Both woody and herbaceous plants in the ponding area provide vegetative uptake of
runoff and pollutants and also serve to stabilize the surrounding soils.
While bioretention cells are designed primarily for stormwater quality, they can provide limited runoff
quantity control, particularly for smaller storm events. However, bioretention areas will typically need to
be used in conjunction with another structural control to provide flood protection. It is important to ensure
that a bioretention area safely bypasses higher flows.

Figure 25. Schematic of a bioretention facility.

Advantages/limitations
Bioretention cells are suitable for many types of development, from single-family residential to highdensity commercial projects. Bioretention is well suited for small lots (ideally one-half to 2 acres), highly
impervious areas, and can be incorporated directly into landscaping. Because of the relatively small
amount of space needed (approximately 5 percent of the tributary impervious area), bioretention cells can
easily be incorporated into other existing development elements such as roadway median strips and
parking lot islands. Bioretention can also be used to retrofit existing development relatively easily.
Bioretention cells are not suitable for steeply sloped areas (> 20 percent), and are not suitable for
locations with a frequent shallow water table. Bioretention is highly susceptible to clogging, therefore the
contributing watershed should be stabilized and vegetation established prior to placement of the soil layer.
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Design criteria
A well-designed bioretention area consists of (1) a ponding area containing vegetation with a planting soil
bed, (2) an organic/mulch layer, and (3) a gravel and perforated pipe underdrain system to collect runoff
that has filtered through the soil layers.
A bioretention area design can also include an inflow diversion or overflow structure consisting of one of
five main methods:
 Use a flow diversion structure.
 For curbed pavements, use an inlet deflector.
 Use a slotted curb and design the parking lot grades to divert the WQv into the facility. Using a
stabilized overflow weir, bypass additional runoff to a downstream catch basin or other suitable
inlet. Requires temporary ponding in the bioretention area.
 Use of a short deflector weir (maximum height 6 inches) designed to divert the maximum water
quality peak flow into the bioretention area.
 An in-system overflow consisting of an overflow catch basin inlet and/or a pea gravel curtain
drain overflow.
Inflow diversion refers to any structural component of a bioretention system which routes larger storm
flows directly to downstream of the bioretention facility. This reduces the potential for scour and resuspension of pollutants from the bioretention area during larger storm events.
Location and Siting
 Bioretention areas should have a maximum contributing drainage area of 5 acres or less;
0.5 to 2 acres is preferred. Multiple bioretention areas can be used for larger areas.
 Bioretention areas can be used to capture sheet flow from a drainage area or function as an offline device (or both). On-line designs should be limited to a maximum drainage area of 0.5 acre.
 When used in an off-line configuration, the WQv is diverted to the bioretention area through the
use of a flow splitter. Stormwater flows greater than the WQv are diverted to other controls or
downstream.
 Bioretention systems are designed for ephemeral flow and must be allowed to drain and reaerate
between rainfall events. They should not be used on sites with a continuous flow from
groundwater, sump pumps, or other sources.
 A separation distance of two feet is recommended between the bottom of the bioretention facility
and the elevation of the seasonally high groundwater table or impermeable soil layer.
 Bioretention area locations should be integrated into the site planning process, and aesthetic
considerations should be taken into account in their siting and design. Elevations must be
carefully worked out to ensure that the desired runoff flow enters the facility with no more than
the maximum design depth.
 Site-specific design criteria and issues. In areas of low relief, the use of bioretention areas could
be limited by low head. In areas of high relief, ponding area surface must be relatively level. If it
is a karst area, use poly-liner or an impermeable membrane to seal the bottom.
Physical Specifications/Geometry
 All designs except small residential applications should maintain a length to width ratio of at least
2:1.
 The planting soil filter bed is sized using a Darcy’s Law equation:

Af =
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where:
Af = area of the filter surface (ft2)
TV = Treatment Volume, volume of storage (ft3)
df = Filter media depth (thickness), minimum 1 ft. (ft)
K = Coefficient of permeability = 0.5 ft/day
hf = Average height of water above the filter bed (ft)
tf = Allowable drawdown time, 2 days







The maximum recommended ponding depth of the bioretention areas is 12 inches.
The layers of the bioretention area should be as follows:
o Mulch Layer: The mulch layer should consist of 2–4 inches of commercially available
fine aged shredded hardwood mulch or aged shredded hardwood chips.
o Planting Soil Bed: The planting soil bed must be at least 2 feet in depth. Planting soils
should be sandy loam, loamy sand, or loam texture with a clay content less than 10
percent. The soil must have an infiltration rate of at least 0.5 inch per hour and a pH
between 5.5 and 6.5. In addition, the planting soil should have a 1.5 to 3 percent organic
content and a maximum
500 parts per million concentration of soluble salts.
o Pea Gravel: The pea gravel layer should be 2- to 4-inches of choker stone, ASTM D 448
size No. 8 (3/8 inch to 1/8 inch) or ASTM D 448 size No. 89 (3/8 inch to 1/16 inch).
Permeable filter fabric may be used instead, if desired.
o Stone layer: The underdrain collection system is equipped with a 6-inch perforated
polyvinylchloride (PVC) pipe (AASHTO M 252) in an 8-inch stone layer. The clean,
washed stone should be ASTM D448 size No. 57 stone (e.g., 1-1/2 to 1/2 inches). The
pipe should have 3/8-inch perforations, spaced at 6-inch centers, with a minimum of four
holes per row. The pipe is spaced at a maximum of 10 feet on center and a minimum
grade of 0.5 percent must be maintained
For off-line applications, a grass channel with a pea gravel diaphragm flow spreader is used for
pretreatment. The length of the grass channel depends on the drainage area, land use, and channel
slope. The minimum grassed channel length should be 20 feet.
Pea gravel for the diaphragm and curtain, where used, should be ASTM D 448 size No. 6
(1/8 inch to 1/4 inch) or ASTM D 448 size No. 89 (3/8 inch to 1/16 inch).
Interior slopes of the bioretention area should be 3:1 or flatter.

Pretreatment/Inlets
 Pretreatment of runoff entering bioretention areas is required to trap coarse sediment particles
before they reach the filter bed, which prevents premature clogging. Pretreatment measures must
be designed to evenly spread runoff across the entire width of the bioretention area. Several
pretreatment measures are feasible, depending on the scale of the bioretention practice and
whether it receives sheet flow, shallow concentrated flow, or concentrated flows.
Outlet Structures
 Outlet pipe is to be provided from the underdrain system to the facility discharge. Because of the
slow rate of filtration, outlet protection is generally unnecessary unless bypass flow is routed
through the outlet.
Emergency Spillway
 An overflow structure and nonerosive overflow channel must be provided to safely pass flows
from the bioretention area that exceeds the storage capacity to a stabilized downstream area or
watercourse. If the system is off-line, the overflow should be set above the shallow ponding limit.
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The high flow overflow system within the structure consists of a yard drain catch basin, though
any number of conventional systems could be used. The throat of the catch basin inlet is normally
placed 9-12 inches above the mulch layer at the elevation of the shallow ponding area.

Maintenance Access
 Adequate access must be provided for all bioretention facilities for inspection, maintenance, and
landscaping upkeep, including appropriate equipment and vehicles.
Safety Features
 Bioretention areas generally do not require any special safety features. Fencing of bioretention
facilities is not generally desirable.
Landscaping
 Landscaping is critical to the performance and function of bioretention areas.
 A dense and vigorous vegetative cover should be established over the contributing pervious
drainage areas before runoff can be accepted into the facility.
 Vegetative cover should consist of trees, shrubs, herbaceous cover, and/or turf. When identifying
the location and density of vegetative cover, consider access to the bioretention area for long-term
maintenance.
 After the trees and shrubs are established, the ground cover and mulch should be established.
 Choose plants on the basis of factors such as whether native or not, resistance to drought and
inundation, cost aesthetics, maintenance, etc. Planting recommendations for bioretention facilities
are as follows:
o Native plant species should be specified over nonnative species.
o Vegetation should be selected based on a specified zone of hydric tolerance.
o A selection of trees with an understory of shrubs and herbaceous materials should be
provided.
o Pesticides, fertilizer, and any other soil amendments must not be applied to the
bioretention facility during landscape construction, plant establishment, or maintenance.
Performance
The following design pollutant removal rates are conservative average pollutant reduction percentages for
design purposes. Additional information on pollutant removal efficiencies can be found in the Site
Evaluation Tool User Guidance and Documentation for the Lake Maumelle Drainage Basin, Pulaski
County, Arkansas.
Table 5. Design Pollutant Removal Efficiencies for Bioretention Cells
Structural Control

Total Phosphorous

TSS

Total Organic Carbon

Bioretention

55%

78%

49%

The SET User Guide and Documentation estimates an annual runoff reduction of 40 percent for
bioretention cells.
Construction Specifications
Bioretention facilities may not be constructed until all contributing drainage areas are stabilized as shown
on the Contract Plans and to the satisfaction of the engineer. Bioretention facilities may not be used as
sediment control facilities. Ideally, no heavy equipment should operate within the perimeter of a
bioretention facility during excavation, underdrain placement, backfilling, planting, or mulching of the
facility.
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Provide sufficient maintenance access (i.e., 12-foot-wide road with legally recorded easement). Vegetated
access slopes are to be a maximum of 10 percent; gravel slopes to 15 percent; paved slopes to 25 percent.
Excavation
The bioretention facility must be excavated to the dimensions, side slopes, and elevations shown on the
Contract Plans. The method of excavation must minimize the compaction of the bottom of the
bioretention facility. Excavators and backhoes, operating on the ground adjacent to the bioretention
facility, must be used to excavate the facility if possible. Low ground-contact pressure equipment may
also be used for excavation. No heavy equipment is allowed on the bottom of the bioretention facility.
Before placing the underdrain, the bottom of the excavation must be tilled to a minimum depth of
6 inches to alleviate any compaction of the facility bottom. Any ponded water must be removed from the
bottom of the facility, and the soil must be friable before tilling.
Underdrain
The underdrain system must be placed on a 3-foot-wide bed of No. 57 aggregate. The minimum thickness
of the ASTM No. 57 aggregate must be 3 inches. Underdrain must be covered with 6 inches of No. 57
aggregate and topped with an additional layer of No. 7 aggregate (layer thickness must be 2 inches,
minimum).
Observation wells/cleanouts of 6-inch non-perforated PVC pipe must be placed vertically in the
bioretention facility. The wells/cleanouts must be connected to the perforated underdrain with the
appropriate manufactured connections. The wells/cleanouts must extend 6 inches above the top elevation
of the bioretention facility mulch, and must be capped with a screw cap. The ends of underdrain pipes not
terminating in an observation well/cleanout must be capped.
Placement and Compaction of the Planting Soil
The planting soil must be placed and graded using low ground-contact pressure equipment or by
excavators or backhoes operating on the ground adjacent to the bioretention facility. No heavy equipment
may be used within the perimeter of the bioretention facility before, during, or after the placement of the
planting soil. The planting soil must be placed in horizontal layers not to exceed 12 inches for the entire
area of the bioretention facility. The planting soil must be compacted by saturating the entire area of the
bioretention facility after each lift of planting soil is placed until water flows from the underdrain. Water
for saturation must be applied by spraying or sprinkling. Saturation of each lift must be performed in the
presence of the engineer. An appropriate sediment control device must be used to treat any sedimentladen water discharged from the underdrain. If the planting soil becomes contaminated during the
construction of the facility, the contaminated material must be removed and replaced with
uncontaminated material at no additional cost to the administration. Final grading of the planting soil
must be performed after a 24-hour settling period.
Maintenance
A cleanup shall be scheduled at least once a year in the spring to remove trash and floatables that
accumulate in the pretreatment cells and filter bed. Regular maintenance of vegetation should be
conducted as needed. Other maintenance activities could include remulching void areas, watering plants
(as needed, especially during plant establishment), and inspecting areas for signs or erosion or sediment
deposition.
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Grass Swale
Description/Purpose
Grass swales (also known as vegetated open channels) are densely vegetated stormwater conveyance
features designed to slow and filter stormwater runoff. They differ from the old, unvegetated roadside
ditches of the past, which often suffered from erosion and standing water and occasionally worked to
undermine the roadway itself. Grass swales can be integrated into development sites as landscaping
features and are well suited to receive stormwater runoff from local streets and roadways, highways,
small parking lots and managed turf surfaces (e.g., lawns, parks, community open spaces). They are
typically installed in areas that have been disturbed by clearing, grading and other land disturbing
activities and are particularly well suited for use in roadway rights-of-way. Grass swales are typically less
expensive to install than conventional storm drain systems and can be used to pre-treat stormwater runoff
before it enters other practices, such as undisturbed pervious areas, bioretention areas, and infiltration
practices. These pre-treatment practices increase the reductions in stormwater runoff rates, volumes, and
pollutant loads that these other low impact development practices provide.
Two of the primary concerns associated with grass swales are channel capacity and erosion control. To
address these two concerns, designers should work to ensure that the peak discharge rate generated by the
target water quality event (e.g., 90th percentile rainfall event) does not flow through the grass swale at a
velocity greater than 1.0 foot per second. Designers should also work to ensure that grass swales provide
at least 10 minutes of residence time for the peak discharge rate generated by the target water quality
event (Claytor and Schueler, 1996).

Figure 26. Schematic of a grass swale.

Advantages/Limitations
Grass swales help restore pre-development hydrology on development sites and reduce post-construction
stormwater runoff rates, volumes and pollutant loads. They are associated with relatively low construction
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cost and long-term maintenance burden. Grass swales require more space than conventional storm drain
systems. Grass swales may be limited on small sites because the low slopes and wide channels may cause
ponding problems and mosquito breeding areas.
Design Criteria
Location and Siting
Although it might be difficult to use them to receive stormwater runoff in urban areas, because of space
constraints, grass swales can be used to receive stormwater management on a wide variety of
development sites, including residential, commercial, industrial and institutional development sites in
rural and suburban areas. When compared with other low impact development practices, grass swales
have a relatively low construction cost, a moderate maintenance burden, and require only a moderate
amount of surface area.
 Grass swales should be used to receive stormwater runoff from relatively small drainage areas of
5 acres or less. The stormwater runoff rates and volumes from larger contributing drainage areas
typically become too large to be properly conveyed within a grass swale.
 Grass swales should be placed where adequate sunlight will reach the swale to ensure vigorous
turf growth.
 Although grass swales may be installed on development sites with longitudinal slopes of between
0.5 percent and 3 percent, it is recommended that they be designed with slopes of between
1 percent and 2 percent to help ensure adequate drainage. Slopes greater than 3 percent would
encourage erosion within the grass swale, while slopes less than 0.5 percent would encourage
ponding.
 Where applicable, small check dams may be used to reduce the slope of the grass channels to a
suitable grade.
 The criteria listed in Table 6 should be evaluated to determine whether a grass swale should be
used to receive stormwater runoff on a development site.
Table 6. Factors to Consider when Evaluating the Overall Feasibility of Using a Grass Swale on a
Development Site1
Site Characteristic

Criteria

Drainage Area

The size of the contributing drainage area should be 5 acres or less.

Area Required

The bottom of a grass swale should be 2-8 feet wide. The side slopes of a grass
swale should be 3:1 (H:V) or flatter.

Slope

Although grass swales can be installed on development sites with slopes of between
0.5% and 3%, it is recommended that they be designed with slopes of between 1%
and 2% to help ensure adequate drainage.

Minimum Depth to
Water Table

2 feet (to seasonally high groundwater table or impermeable soil layer)

Soils

No restrictions, although grass swales on permeable soils (e.g., typically hydrologic
soil group A or B soils) provide greater stormwater management benefits.

1

Source: Georgia Coastal Stormwater Supplement (CWP, 2009)

General Design
 If grass swales are properly designed (e.g., sufficient channel widths, relatively flat slopes, dense
vegetative cover), they can provide significant reductions in post-construction stormwater runoff
rates, volumes and pollutant loads, particularly when they are on areas with permeable soils
(e.g., typically hydrologic soil group A and B soils).
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Grass swales can partially infiltrate runoff from small storm events in areas with pervious soils.
When properly incorporated into an overall site design, grass swales can reduce impervious
cover, accent the natural landscape, and provide aesthetic benefits.

Physical Specifications/Geometry
 Grass swales should be designed to accommodate the peak discharge rate generated by the target
water quality event with a maximum depth of 6 inches. The remaining depth available in the
grass swale can be used to convey runoff from larger storm events.
 To achieve water quality objectives within grass swales, the peak discharge rate generated by the
target water quality event (e.g., 90th percentile rainfall event) should be designed to flow through
a grass swale at a velocity of 1.0 foot per second or less. To prevent erosion, the maximum
velocity for the 2-year storm is 5.0 ft/s, and the maximum velocity for the 10-year storm is
7.0 ft/s.
 For flow calculations in grass swales, a Manning’s “n” value for grass channels should be 0.2 for
flow depths up to four inches, decreasing to 0.03 at a depth of 12 inches.
 To provide adequate residence time for stormwater runoff, grass swales should be designed to
provide at least 10 minutes of residence time for the peak discharge rate generated by the target
water quality event (e.g., 90th percentile rainfall event) (Claytor and Schueler, 1996). Residence
times can be increased by adjusting channel dimensions, slopes and vegetative covers or by
including check dams in the channel design.
 The bottom of a grass swale should be between 2 and 8 feet wide. Channel bottoms greater than
8 feet wide encourage channel braiding, while channel bottoms less than 2 feet wide encourage
soil erosion. If a channel bottom needs to be more than 8 feet wide to accommodate the peak
discharge rate generated by the target runoff reduction rainfall event, the use of a compound
channel cross-section (e.g., two smaller channels separated by a permeable berm) is
recommended.
 Grass swales should be designed with trapezoidal or parabolic cross-sections, and should be
designed with side slopes of 3:1 (H:V) or flatter.
 The depth from the bottom of a grass swale to the top of the seasonally high groundwater table or
impermeable soil layer should be at least 2 feet to help prevent ponding and ensure proper
operation of the grass swale.
 Consideration should be given to the stormwater runoff rates and volumes generated by larger
storm events (e.g., 25-year, 24-hour storm event) to help ensure that the larger storm events do
not cause localized flooding or significant damage to the grass swale. Grass swales should be
designed to safely convey the overbank flood protection rainfall event (e.g., 25-year, 24-hour
event).
 Grass swales should not be used to receive stormwater runoff from stormwater hotspots, unless
adequate pretreatment is provided upstream of them.
Pretreatment/Inlets
A number of other structural controls, including bioretention areas and infiltration trenches, can use a
grass swale as a pretreatment measure.
Maintenance Access
Adequate access must be provided for grass swales for inspection, maintenance, and landscaping upkeep,
including appropriate equipment and vehicles.
Landscaping
 A landscaping plan should be prepared for all grass swales. The landscaping plan should be
reviewed and approved by Pulaski County before construction.
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Vegetation commonly planted in grass swales includes turf and other herbaceous vegetation.
When developing a landscaping plan, designers should choose grasses and other vegetation that
will be able to stabilize soils and tolerate the stormwater runoff rates and volumes that will pass
through the grass swale. Vegetation used in grass swales should also be able to tolerate both wet
and dry conditions.
Methods used to establish vegetative cover within a grass swale should achieve at least 90 percent
vegetative cover one year after installation.
To help prevent soil erosion and sediment loss, landscaping should be provided immediately after
the grass swale has been installed. Temporary irrigation might be needed to quickly establish
vegetative cover within a grass swale.

Performance
The following design pollutant removal rates are conservative average pollutant reduction percentages for
design purposes. Additional information on pollutant removal efficiencies can be found in the Site
Evaluation Tool User Guidance and Documentation For the Lake Maumelle Drainage Basin, Pulaski
County, Arkansas.
Table 7. Design Pollutant Removal Efficiencies for Grass Swales3
Structural Control
Grass Swale

Total Phosphorous

TSS

Total Organic Carbon

23%

38%

3%

The SET User Guide and Documentation estimates an annual runoff reduction of 10 percent for grass
swales.
Construction Specifications
To help ensure that grass swales are successfully installed on a development site, designers should
consider the following recommendations:
 Grass swales should be installed only after their contributing drainage areas have been completely
stabilized.
 Simple erosion and sediment control measures, such as temporary seeding and erosion control
mats, should be used on grass swales. Appropriate measures should be taken (e.g., silt fence,
temporary diversion berm) to pre-treat or divert (or both) post-construction stormwater runoff
around a grass swale until vegetative cover has been established.
 To help prevent soil compaction, heavy vehicular and foot traffic should be kept out of grass
swales during and after construction.
Maintenance
Maintenance is very important for grass swales, particularly in terms of ensuring that they continue to
provide measurable stormwater management benefits over time. Consequently, a legally binding
inspection and maintenance agreement and plan shall be created to help ensure that they are properly
maintained after construction is complete. Table 8 provides a list of the routine maintenance activities
typically associated with grass swales. Note that grass swales have maintenance requirements that are
very similar to those of other vegetated low impact development practices.
Table 8. Routine Maintenance Activities Typically Associated with Grass Swales4
Activity
 Water to promote plant growth and survival.
 Inspect grass swale following first major rainfall event. Plant replacement
vegetation in any eroded areas.
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Table 8. Routine Maintenance Activities Typically Associated with Grass Swales4
Activity
 Inspect grass swale. Maintain vegetation (e.g., mow, prune, trim) as
needed.
 Remove accumulated trash and debris.

Schedule
Regularly
(Monthly)

 Inspect grass swale for sediment accumulation. Remove sediment when
it accounts for 25% or more of the original channel cross-section.
 Inspect grass swale for erosion and the formation of rills and gullies.
Plant replacement vegetation in any eroded areas.

Annually
(Semiannually during First Year)

 Inspect grass swale for dead or dying vegetation. Plant replacement
vegetation as needed.
4

Source: Georgia Coastal Stormwater Supplement (CWP, 2009)
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Permeable Pavement
Description/Purpose
Permeable pavements represent an alternative to traditional impervious paving surfaces. They typically
consist of an underlying drainage layer and an overlying permeable surface layer. A permeable pavement
system allows stormwater runoff to pass through the surface course (e.g., pavement surface) into an
underlying stone reservoir where it is temporarily stored and allowed to infiltrate into the surrounding
soils or conveyed back into the storm drain system through an underdrain. That allows permeable
pavement systems to provide measurable reductions in post-construction stormwater runoff rates,
volumes, and pollutant loads.

Figure 27. Permeable pavement cross-section. (Source: Hunt and Collins, 2008)

Advantages/Limitations
Permeable pavement helps reduce post-construction stormwater runoff rates, volumes, and pollutant loads
without consuming valuable land. It is particularly well suited for use on urban development sites and in
low-traffic areas, such as overflow parking lots.
Permeable pavement often has relatively high construction costs, but some of the construction cost could
be offset by savings on stormwater infrastructure (e.g., storm drain system). Permeable pavement systems
should be installed by experienced personnel only.
Design Criteria
When designing a permeable pavement system, designers must not only consider the storage capacity of
the system, but also the structural capacity of the underlying soils and stone reservoir. The infiltration rate
and structural capacity of the native soils found on a development site directly influence the size of the
stone reservoir that is needed to provide structural support for a permeable pavement system and to
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provide a reduction in post-construction stormwater runoff rates, volumes, and pollutant loads. Designers
should strive to design permeable pavement systems that can accommodate the stormwater runoff volume
generated by the water quality volume. If that cannot be accomplished because of site characteristics or
constraints, designers should consider using permeable pavement systems in combination with other
runoff-reducing, low-impact development practices.
To receive credit in the SET for surface runoff loading rates, a permeable pavement installation must be
designed to capture and infiltrate the WQv event. If the permeable pavement receives runoff from
adjacent paved surfaces, that runoff must be included in the WQv amount. Permeable pavements should
not be designed to receive runoff from unpaved surfaces.
Location and Siting
Permeable pavement systems can be used on a wide range of development sites in rural, suburban, and
urban areas. They are especially well suited for use on urban development and redevelopment sites to
construct sidewalks, parking lots, overflow parking areas, private streets and driveways, and parking lanes
on public streets and roadways. When compared with other low impact development practices, permeable
pavement systems have a relatively high construction cost and a relatively high maintenance burden, but
they require no additional surface area beyond that which will be covered by the permeable pavement
system.
The criteria listed in Table 9 should be evaluated to determine whether a permeable pavement system is
appropriate for use on a development site.
Table 9. Factors to Consider when Evaluating the Overall Feasibility of Using a Permeable
Pavement System on a Development Site1
Site Characteristic

Criteria

Drainage Area

Permeable pavement systems should be used only to replace traditional impervious
paving surfaces. They should not be used to receive any stormwater runoff generated
elsewhere on the development site.

Area Required

Permeable pavement systems encompass 100% of their contributing drainage areas.

Slope

Although permeable pavement systems can be installed on development sites with
slopes of up to 6%, the permeable pavement should be designed with slopes that are
as close to flat as possible to ensure that stormwater runoff is evenly distributed
throughout the stone reservoir.

Minimum Head

2 to 4 feet

Minimum Depth to
Water Table

2 feet (seasonally high groundwater table or impermeable soil layer)

Soils

Permeable pavement systems should be designed to completely drain within 48
hours of the end of a rainfall event. Consequently, permeable pavement systems
without underdrains generally should not be used on development sites that have
soils with infiltration rates of less than 0.25 inch per hour (e.g., typically hydrologic soil
group C and D soils).

1

Source: Georgia Coastal Stormwater Supplement (CWP, 2009)

General Design
Several permeable pavement surfaces are available in the commercial marketplace, including pervious
concrete, porous asphalt, permeable interlocking concrete pavers, concrete grid pavers, and plastic grid
pavers. All permeable pavement surfaces must be designed, installed, and maintained according to the
manufacturer’s recommendations. Each of these permeable pavement surfaces is briefly described below:
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Pervious Concrete: Pervious concrete (also known as porous concrete) is similar to conventional
concrete in structure and form but consists of a special, open-graded surface course, typically 4 to
8 inches thick, that is bound together with Portland cement. This open-graded surface course has
a void ratio of 15 percent to 25 percent (conventional concrete pavement has a void ratio of
between 3 percent and 5 percent), which gives it a high permeability that is often many times
more than that of the underlying native soils, and allows rainwater and stormwater runoff to
rapidly pass through it and into the underlying stone reservoir. Note that void ratio (i.e., the void
volume divided by the volume of solids) is not the same as porosity (the ratio of void volume to
the total volume of the base material). Installation should be conducted by contractors
experienced in the installation of pervious concrete due to the inherent differences in pouring
techniques between conventional and pervious concrete.



Porous Asphalt: Porous asphalt is similar to pervious concrete and consists of a special, opengraded surface course bound together by asphalt cement. The open-graded surface course in a
typical porous asphalt installation is 3 to 7 inches thick and has a void ratio of between 15 percent
and 20 percent. Porous asphalt is thought to have a limited ability to maintain its structure and
permeability during hot summer months.



Permeable Interlocking Concrete Pavers: Permeable interlocking concrete pavers are solid
structural units (e.g., blocks, bricks) that are installed in a way that provides regularly spaced
openings through which stormwater runoff can rapidly pass through the pavement surface and
into the underlying stone reservoir. The regularly spaced openings, which generally make up
between 8 percent and 20 percent of the total pavement surface, are typically filled with pea
gravel (e.g., ASTM D 448 Size No. 8, three-eighths to one-eighth of an inch). Typical permeable
interlocking concrete pavers systems consist of the pavers, a 1.5- to 3-inch-thick fine gravel
bedding layer and an underlying stone reservoir.



Concrete Grid Pavers: CGP are precast concrete units that allow rainfall and stormwater runoff to
pass through large openings that are filled with gravel, sand or topsoil and turf. CGP are typically
3.5 inches thick and have a void ratio of between 20 percent and 50 percent, which means that the
material used to fill the spaces between the grids has a large influence on the overall permeability
(e.g., void space) of a CGP system. A typical CGP installation consists of the pavers, a 1- to 1.5–
thick inch sand or pea gravel bedding layer, and an underlying stone reservoir.



Plastic Grid Pavers: Plastic grid pavers are similar to CGP. They consist of flexible, interlocking
plastic units that allow rainfall and stormwater runoff to pass through large openings that are
filled with gravel, sand or topsoil, and turf. Because the empty plastic grids have a void ratio of
between 90 percent and 98 percent, the material used to fill the spaces between the grids has a
large influence on the overall permeability (e.g., void space) of a plastic grid paver system.

Physical Specifications/Geometry
 At least one infiltration test is recommended for every 5,000 square feet of permeable pavement
that will be used on the development site. If the infiltration rate of the underlying soils on the
development site is not 0.25 inch per hour or greater, an underdrain should be included in the
permeable pavement system design.
 Because clay lenses or any other restrictive layers located below the bottom of a permeable
pavement system will reduce soil infiltration rates, infiltration testing should be conducted within
any confining layers that are within 4 feet of the bottom of a proposed permeable pavement
system.
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Permeable pavement systems should be designed to provide enough storage for the stormwater
runoff volume generated by the target water quality event (e.g., 90th percentile rainfall event) in
the stone reservoir layer. The required dimensions of an infiltration-based system, depends on the
infiltration rates of the underlying soil. The required dimensions of an underdrained permeable
pavement system can be determined by calculating the conveyance capacity of the selected
underdrain system.
Permeable pavement systems should be designed so that the gravel base completely drains within
48 hours of the end of a rainfall event. Where site characteristics allow, it is preferable to design
permeable pavement systems to drain within 24 hours of the end of a rainfall event to help
prevent the formation of nuisance ponding conditions.
An appropriate permeable pavement surface should be selected for the intended application. The
permeable pavement surface should be able to support the maximum projected traffic load.
Most permeable pavement surfaces need to be supported by an underlying stone reservoir (also
known as a gravel base or aggregate base). The depth of the stone reservoir typically ranges
between 1 and 4 feet but should be determined by considering both the required stormwater
storage capacity and the maximum projected traffic load that will be experienced by the
permeable pavement system. On most development sites, the maximum projected traffic load will
determine the depth of the underlying stone reservoir.
The stone reservoir should be filled with clean, washed No. 57 stone. The stone used in the
reservoir should be 1.5 to 2.5 inches in diameter, with a porosity of approximately 40 percent.
Unwashed aggregate contaminated with soil or other fines may not be used in the stone reservoir.
If no underdrain is required, underlying native soils should be separated from the stone reservoir
by a thin, 2- to 4-inch layer of choker stone (e.g., ASTM D 448 size No. 8, 3/8 inch to 1/8 inch or
ASTM D 448 size No. 89, 3/8 inch to 1/16 inch) or permeable filter fabric.
If an underdrain is required, it should be placed beneath the stone reservoir. The underdrain
should consist of a 4- to 6-inch perforated PVC (AASHTO M 252) pipe bedded in an 8-inch layer
of clean, washed stone. The pipe should have 3/8-inch perforations, spaced 6 inches on center,
and should have a minimum slope of 0.5 percent. The clean, washed stone should be ASTM
D448 size No. 57 stone (e.g., 1-1/2 to 1/2 inches) and should be placed on top of a thin, 2- to 4inch layer of choker stone (e.g., ASTM D 448 size No. 8, 3/8 inch to 1/8 inch or ASTM D 448
size No. 89, 3/8 inch to 1/16 inch) or permeable filter fabric. For areas where expansive clays are
present, an impermeable liner is required.
The sides and bottom of the stone reservoir should be lined with a layer of appropriate permeable
filter fabric. The filter fabric should be a non-woven geotextile with a permeability that is greater
than or equal to the infiltration rate of the surrounding native soils.
The depth from the bottom of a permeable pavement system to the top of the seasonally high
groundwater table or impermeable soil layer should be at least 2 feet to prevent nuisance ponding
and ensure proper operation of the permeable pavement system.
Unless equipped with a waterproof liner (e.g., 30 mil (0.030 inch) PVC or equivalent), to prevent
damage to building foundations or contamination of groundwater aquifers, permeable pavement
systems should be located at least
o 10 feet from building foundations
o 10 feet from property lines
o 100 feet from private water supply wells
o 1,200 feet from public water supply wells
o 100 feet from septic systems
o 100 feet from surface waters
o 400 feet from public water supply surface waters
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Overflow
 Consideration should be given to the stormwater runoff rates and volumes generated by larger
storm events (e.g., 25-year, 24-hour storm event) to help ensure that these larger storm events are
able to safely bypass the permeable pavement system. The permeable pavement system should be
designed to convey the stormwater runoff generated by the larger storm events safely off of the
pavement surface. Methods that can be used to accommodate the stormwater runoff rates and
volumes generated by these larger storm events include:
o Allowing excess stormwater runoff to be safely conveyed off of the permeable pavement
surface via sheet flow.
o Using storm drain inlets set slightly above the elevation of the permeable pavement
surface to collect excess stormwater runoff. This will create some ponding on the surface
of the permeable pavement system but can be used to safely convey excess stormwater
runoff off of the permeable pavement surface.
o Placing a perforated pipe (e.g., underdrain) near the top of the stone reservoir to provide
additional conveyance of stormwater runoff after the stone reservoir has been filled.
o Placing an underground detention system beneath or adjacent to the permeable pavement
system.
Maintenance Access
 Adequate access must be provided for permeable pavement for inspection, maintenance, and
landscaping upkeep, including appropriate equipment and vehicles.
Performance
The following design pollutant removal rates are conservative average pollutant reduction percentages for
design purposes. Additional information on pollutant removal efficiencies can be found in the Site
Evaluation Tool User Guidance and Documentation For the Lake Maumelle Drainage Basin, Pulaski
County, Arkansas.
Table 10. Design Pollutant Removal Efficiencies for Permeable Pavement Practices2
Structural Control
Permeable Pavement

Total Phosphorus

TSS

Total Organic Carbon

75%

75%

75%

The SET User Guide and Documentation estimates an annual runoff reduction of 75 percent for
permeable pavement.
Construction Specifications
To help ensure that permeable pavement systems are successfully installed on a development site, the
following recommendations should be adhered to during construction:
 To help prevent soil compaction, heavy vehicular and foot traffic should be kept out of permeable
pavement areas before, during, and immediately after construction. This can typically be
accomplished by clearly delineating permeable pavement areas on all development plans and, if
necessary, protecting them with temporary construction fencing.
 Excavation for permeable pavement systems should be limited to the width and depth specified in
the development plans. Excavated material should be placed away from the excavation so as not
to jeopardize the stability of the side walls.
 The native soils along the bottom and sides of the permeable pavement system should be scarified
or tilled to a depth of 3 to 4 inches before placing the choker stone, underdrain, and stone
reservoir.
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The sides of all excavations should be trimmed of all large roots that will hamper the installation
of the permeable filter fabric used to line the sides of the stone reservoir.
Maintenance
Maintenance is very important for permeable pavement systems, particularly in terms of ensuring that
they continue to provide measurable stormwater management benefits over time. Consequently, a legally
binding inspection and maintenance agreement and plan shall be created to help ensure that they are
properly maintained after construction is complete. Table 11 provides a list of the routine maintenance
activities typically associated with permeable pavement systems.
Table 11. Routine Maintenance Activities Typically Associated with Permeable Pavement
Systems3
Activity
 Inspect to ensure that the permeable pavement surface is clear of sediment and debris. Remove
any accumulated sediment and debris.
 Check the permeable pavement system for excessive ponding. Take appropriate remedial action
as needed.
 Vacuum sweep permeable pavement surface to keep the surface free of sediment (may not be
appropriate for pavers).
 Inspect permeable pavement system for drawdown following rainfall events. Failure to drawdown
within 72 hours after the end of a rainfall event may indicate permeable pavement system failure.
 Inspect permeable pavement surface for deterioration or spalling. Repair or replace any
damaged areas as needed.
 Rehabilitate the permeable pavement system, including the surface course and stone reservoir.
3

Schedule

Monthly

Quarterly

Annually

Upon System
Failure

Source: Georgia Coastal Stormwater Supplement (CWP, 2009)
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Sand Filter
Description/purpose
Sand filters are usually two-chambered including a pretreatment settling basin for floatables and heavy
sediments and a filter bed filled with sand or other absorptive filtering media to remove additional
pollutants. As stormwater flows into the first chamber, large particles settle out, and then finer particles
and other pollutants are removed as stormwater flows through the sand in the second chamber. Typically
there is an underdrain collection system as well, which can either discharge the runoff to a conveyance
system/surface water or exfiltrate it into the ground into porous soils. A number of design variations exist
including the surface sand filter, perimeter sand filter, and underground sand filter.
Sand filter systems are designed primarily as off-line systems for stormwater quality (i.e., the removal of
stormwater pollutants) and will typically need to be used in conjunction with another structural control to
provide downstream channel protection, overbank flood protection, and extreme flood protection, if
required. However, under certain circumstances, filters can be designed on-line, and may be able to
provide limited runoff quantity control, particularly for smaller storm events.
There are two primary sand filter system designs, the surface sand filter and the perimeter sand filter.
 Surface Sand Filter—The surface sand filter, also called an Austin sand filter, is a ground-level
open air structure that consists of a pretreatment sediment forebay and a filter bed chamber. This
system can treat drainage areas up to 10 acres in size and is typically off-line. Surface sand filters
can be designed as an excavation with earthen embankments or as a concrete or block structure.
 Perimeter Sand Filter—The perimeter sand filter, also called a Delaware sand filter, is an
enclosed filter system typically constructed just below grade in a vault along the edge of an
impervious area such as a parking lot. The system consists of a sedimentation chamber and a sand
bed filter. Runoff flows into the structure through a series of inlet grates along the top of the
control.
A third type, the underground sand filter, is intended primarily for extremely space limited and highdensity areas and is thus considered a limited-application structural control.
The primary differences among these designs are location (i.e., above or below ground), the drainage area
served, their filter surface areas, their land requirements, and the quantity of runoff they treat.
The selection of a sand filter design depends largely on the drainage area’s characteristics. For example,
the perimeter and underground sand filter systems are well suited for highly impervious areas where land
available for structural controls is limited. The surface sand filter is more suited for large drainage areas
that have both impervious and pervious surfaces. They are more frequently used to treat runoff
contaminated with oil and grease from drainage areas with heavy vehicle usage.
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Figure 28. Schematic of a surface sand filter.
NOTE: The topsoil layer is optional.
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Figure 29. Schematic of perimeter sand filter.
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Advantages/limitations
Advantages
 Relatively high pollutant removal, especially for sediment and associated pollutants
 Applicable to small drainage areas
 Good for highly impervious areas
 Good retrofit capability
 Waste media from the filters does not appear to be toxic and may be appropriate for landfill
disposal.
Limitations
 More expensive to construct than many other BMPs.
 Could require more maintenance that some other BMPs depending on the sizing of the filter bed.
In some cases, filter media might need to be replaced every 3 to 5 years.
 Generally requires more hydraulic head to operate properly (minimum 4 feet).
 High solids loads will cause the filter to clog.
 Works best for relatively small, impervious watersheds.
 Filters in residential areas can present aesthetic and safety problems if constructed with vertical
concrete walls.
 Certain designs maintain permanent sources of standing water where mosquito and midge
breeding is likely to occur.
 Sand filter facilities must provide flow diversion and/or be designed to safely pass extreme storm
flows and protect the filter bed and facility.
 Possible odor problems.
 Sand filters generally do not control stormwater flow, and consequently, they do not prevent
downstream streambank and channel erosion.
Design criteria
Location and Siting
 Surface sand filters should have a contributing drainage area of 10 acres or less. The maximum
drainage area for a perimeter sand filter is 2 acres.
 Sand filter systems are generally applied to land uses with a high percentage of impervious
surfaces. Sites with less than 50 percent imperviousness or high clay/silt sediment loads must not
use a sand filter without adequate pretreatment because of potential clogging and failure of the
filter bed. Any disturbed areas in the sand filter facility drainage area should be identified and
stabilized. Filtration controls should be constructed only after the construction site is stabilized.
 Surface sand filters are generally used in an off-line configuration where the WQv is diverted to
the filter facility through the use of a flow-diversion structure and flow splitter. In this situation,
stormwater flows greater than the WQv are diverted to other controls or downstream using a
diversion structure or flow splitter.
 Perimeter sand filters are typically sited along the edge, or perimeter, of an impervious area such
as a parking lot.
 Sand filter systems are designed for intermittent flow and must be allowed to drain and reaerate
between rainfall events. They should not be used on sites with a continuous flow from
groundwater, sump pumps, or other sources.
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General Design
 Sand filters must be designed for a maximum allowable surcharge depth of 3 feet.
Surface Sand Filter
 A surface sand filter facility consists of a two-chamber, open-air structure, which is at ground
level. The first chamber is the sediment forebay (also called a sedimentation chamber) while the
second chamber houses the sand filter bed. Flow enters the sedimentation chamber where settling
of larger sediment particles occurs. Runoff is then discharged from the sedimentation chamber
through a perforated standpipe into the filtration chamber. After passing though the filter bed,
runoff is collected by a perforated pipe and gravel underdrain system.

Figure 30. Typical surface (Austin) sand filter design.

Perimeter Sand Filter
 A perimeter sand filter facility is a vault structure just below grade level. Runoff enters the device
through inlet grates along the top of the structure into the sedimentation chamber. Runoff is
discharged from the sedimentation chamber through a weir into the filtration chamber. After
passing though the filter bed, runoff is collected by a perforated pipe and gravel underdrain
system.
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Figure 31. Perimeter (Delaware) sand filter design.

Physical Specifications/Geometry
Surface Sand Filter
 The sediment forebay must be sized to at least 25 percent of the computed WQv and have a
length-to-width ratio of at least 2:1. Inlet and outlet structures should be at opposite ends of the
chamber.
 The outflow structure from the sediment forebay should be (1) an earthen berm, (2) a concrete
wall, or (3) a rock gabion. Gabion outflow structures should extend across the full width of the
facility such that no short-circuiting of flows can occur. The gabion rock should be 4 inches in
diameter. The receiving end of the sand filter should be protected (splash pad, riprap, etc.) such
that erosion of the sand media does not occur.
 The filter media consists of an 18-inch layer of clean, washed, medium sand (meeting ASTM
C-33 concrete sand) on top of the underdrain system. Three inches of topsoil are placed over the
sand bed. Permeable filter fabric is placed both above and below the sand bed to prevent clogging
of the sand filter and the underdrain system.
 The filter bed is equipped with a 6-inch perforated PVC pipe (AASHTO M 252) underdrain in a
gravel layer. The underdrain must have a minimum grade of 1/8 inch per foot (1 percent slope).
Holes should be 3/8-inch diameter and spaced approximately 6 inches on center. Gravel should
be clean, washed aggregate with a maximum diameter of 3.5 inches and a minimum diameter of
1.5 inches with a void space of about 40 percent (No. 3 stone). Aggregate contaminated with soil
must not be used.
 The structure of the surface sand filter can be constructed of impermeable media such as concrete,
or through the use of excavations and earthen embankments. When constructed with earthen
walls/embankments, filter fabric should be used to line the bottom and side slopes of the
structures before installation of the underdrain system and filter media.
Perimeter Sand Filter
 The sedimentation chamber must be sized to at least 50 percent of the computed WQv.
 The filter media should consist of a 12- to 18-inch layer of clean, washed, medium sand (meeting
ASTM C-33 concrete sand or Fine Aggregate Size No. 10) on top of the underdrain system.
 The perimeter sand filter is equipped with a 4-inch perforated PVC pipe (AASHTO M 252)
underdrain in a gravel layer. The underdrain must have a minimum grade of 1/8 inch per foot
(1 percent slope). Holes should be 3/8-inch diameter and spaced approximately 6 inches on
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center. A permeable filter fabric should be placed between the gravel layer and the filter media.
Gravel should be clean, washed aggregate with a maximum diameter of 3.5 inches and a
minimum diameter of 1.5 inches with a void space of about 40 percent (No. 3 stone). Aggregate
contaminated with soil must not be used.
General Design Guidelines
 The entire treatment system (including the sedimentation chamber) must temporarily hold at least
75 percent of the WQv before filtration.
 The filter area is sized according to the principles of Darcy’s Law:

Af =

(TV) (

df) / [( K ) ( hf+df) (

tf)]

where:
Af = area of the filter surface (ft2)
TV = Treatment Volume, volume of storage (ft3)
df = Filter media depth (thickness), minimum 1 ft. (ft)
K = Coefficient of permeability = 3.5 ft/day
hf = Average height of water above the filter bed, maximum 5ft/2 (ft)
tf = Allowable drawdown time, 1.67 days










For an off-line system, the inflow structure to the sedimentation chamber should incorporate a
flow-splitting device capable of isolating the capture volume and bypassing the 25-year peak flow
around the facility with the sedimentation/filtration pond full.
Energy dissipation is required at the sedimentation basin inlet so that flows entering the basin
should be distributed uniformly and at low velocity to prevent resuspension and encourage
quiescent conditions necessary for deposition of solids.
Outlet pipe is to be provided from the underdrain system to the facility discharge. Because of the
slow rate of filtration, outlet protection is generally unnecessary (except for emergency overflows
and spillways).
For an on-line system, an emergency or bypass spillway must be included in the surface sand
filter to safely pass flows that exceed the design storm flows. The spillway prevents filter water
levels from overtopping the embankment and causing structural damage. The emergency spillway
should be placed so that downstream buildings and structures will not be affected by spillway
discharges.
Adequate access must be provided for all sand filter systems for inspection and maintenance,
including the appropriate equipment and vehicles. Access grates to the filter bed need to be
included in a perimeter sand filter design. Facility designs must enable maintenance personnel to
easily replace upper layers of the filter media.
Surface sand filter facilities can be fenced to prevent access. Inlet and access grates to perimeter
sand filters can be locked.
Surface filters can be designed with a grass cover to aid in pollutant removal and prevent
clogging. The grass should be capable of withstanding frequent periods of inundation and
drought.

Performance
The following design pollutant removal rates are conservative average pollutant reduction percentages for
design purposes. Additional information on pollutant removal efficiencies can be found in the Site
Evaluation Tool User Guidance and Documentation For the Lake Maumelle Drainage Basin, Pulaski
County, Arkansas.
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Table 12. Design Pollutant Removal Efficiencies for Sand Filters
Structural Control

Total Phosphorus

TSS

Total Organic Carbon

Sand Filter

60%

86%

15%

Construction specifications
 Provide sufficient maintenance access (i.e., 12-foot-wide road with legally recorded easement).
 Vegetated access slopes are to be a maximum of 10 percent; gravel slopes to 15 percent; paved
slopes to 25 percent.
 Absolutely no runoff is to enter the filter until all contributing drainage areas have been
stabilized.
 Surface of filter bed is to be level.
Maintenance
Sand filters require frequent and routine maintenance for proper operation:
 During the first year of operation, the chambers shall be inspected quarterly and after every major
storm to ensure that the system is operating properly.
 Semiannually, the system shall be inspected for standing water, sediment, and trash and debris
accumulation and the filter surface cleaned.
 Annually, the system shall be inspected to ensure that no more than 6 inches of sediment has
accumulated in the sedimentation basin and that there is no erosion, flow bypass, or odors. Any
damaged or eroded areas shall be repaired or replaced.
 Trash and debris shall be removed annually. Accumulated sediment from the sedimentation basin
shall be removed approximately every 10 years or when the depth of sediment reaches
6 inches. The top 2 inches of sand from the sand bed shall be removed when drawdown time
exceeds 72 hours.
References
Atlanta Regional Commission (ARC). 2001. Georgia Stormwater Management Manual. Volume 2.
Technical Handbook. Atlanta Regional Commission, Atlanta, GA. Available online:
http://www.georgiastormwater.com.
USEPA (U.S. Environmental Protection Agency). 1999. EPA Storm Water Technology Fact Sheet. EPA
832-F-99-007. U.S. Environmental Protection Agency, Office of Water, Washington, DC.
California Stormwater Quality Association. 2003. California Stormwater BMP Handbook. Available
online: http://www.cabmphandbooks.com.
Virginia DCR Stormwater Design Specifications. No. 12: Filtering Practices. Virginia Department of
Conservation and Recreation, Richmond, VA. Available online:
http://www.vwrrc.vt.edu/swc/NonProprietaryBMPs.html
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Vegetated Filter Strip with Level Spreader
Description/purpose
Vegetated filter strips with level spreaders (filter strips) are vegetated areas that are designed to treat
stormwater flows from adjacent or upslope areas that either are or have been converted to sheet flows by a
level spreader. Filter strips function by slowing runoff velocities and allowing sediment and other
pollutants to settle 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 and can serve as
part of landscaping.
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.
Advantages/limitations
Advantages
 Vegetated filter strips require minimal maintenance activity (generally just erosion prevention
and mowing).
 If properly designed, vegetated, and operated, filter strips can provide reliable water quality
benefits in conjunction with high aesthetic appeal.
 Flow characteristics and vegetation type and density can be closely controlled to maximize BMP
effectiveness.
 Roadside shoulders act as effective filter strips when slope and length meet criteria described
below.
 Filter strips can provide groundwater recharge as runoff flows over the vegetated surface and
ponds at the toe of the slope.
Limitations
 Might not be appropriate for industrial sites or locations where spills could occur.
 Filter strips cannot treat a very large drainage area.
 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.
 A thick vegetative cover is needed for these practices to function properly.
 Vegetative filter strip length must be adequate and flow characteristics acceptable or water
quality performance can be severely limited.
 Vegetative filter strips might not provide treatment for dissolved constituents except to the extent
that flows across the vegetated surface are infiltrated into the soil profile.
 This technology does not provide significant attenuation of the increased volume and flow rate of
runoff during intense rain events.
 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.
 Filter strips are generally impractical in ultra-urban areas where little pervious surface exists.
 Filter strips should be separated from the seasonally high groundwater table or impermeable soil
layer by 2 feet to prevent contamination and to ensure that the filter strip does not remain wet
between storms.
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Figure 32. Schematic of a vegetated filter strip with level spreader.

Figure 33. Profile view of a vegetated filter strip with level spreader.

Design criteria
 Where runoff originates from roadways or parking areas resulting in sheet flow to the filter strip,
no level spreader is necessary. Where concentrated flow exists, a level spreader should be
utilized.
 The level spreader should consist of a vertical concrete spreader constructed with a level top
(+/- 0.0’) which extends approximately 6.0” above the soil surface at the top of the filter strip.
The concrete level spreader should be constructed along the contour of the slope with a minimum
thickness of 6 inches. The spreader should extend a minimum of 12 inches below the surface to
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prevent frost heave and scour. The ends of the level spreader shall be tied into the existing ground
to prevent overflow or scour.
Adequate conveyance capacity should be provided on the upslope side of the level spreader via a
swale to ensure that the design storm can be conveyed along the spreader to ensure distributed
flow across the spreader.
Expansion joints should be installed periodically along the spreader to prevent cracking.
Weep holes consisting of ½ -1 inch PVC pipes through the level spreader may be utilized on
spacings of not more than 20 feet to prevent long-term ponding of water behind the level
spreader.
The use of a bypass system to route larger flows around the filter strip is suggested.
A flow dissipator should be used at the top of the slope, designed with a 3-4 inch layer of #57
stone. The flow dissipator (a small trench running adjacent to the level spreader on the downslope
side) serves three 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. Third, it dissipates the energy of flow transitioning from the level
spreader to the filter strip surface.
The filter strip should be designed with a pervious berm of sand and gravel at the toe of the slope.
That 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 WQv.
Both the top and toe of the slope should be as flat as possible to encourage sheet flow and prevent
erosion.
The filter strip should be at least 25 feet long to provide water quality treatment. Maximum length
(in the direction of flow toward the buffer) of the tributary area should be 60 feet.
The design storm for the level spreader is the 10-yr, 24-hr event.
The criteria for sizing the level spreader is 10 ft/cfs.
Slopes should not exceed 8 percent.
The minimum length of the level spreader should be 10 feet and the maximum length no more
than 100 feet.
Either grass or a diverse selection of other low-growing, drought-tolerant, native vegetation
should be specified. Vegetation whose growing season corresponds to the wet season is preferred.
Designers should choose a grass that can withstand relatively high velocity flows and both wet
and dry periods.
Unless equipped with a waterproof liner (e.g., 30 mil (0.030 inch) PVC or equivalent), to prevent
damage to building foundations or contamination of groundwater aquifers, filter strips should be
located at least:
o 10 feet from building foundations
o 10 feet from property lines
o 100 feet from private water supply wells
o 1,200 feet from public water supply wells
o 100 feet from septic systems
o 100 feet from surface waters
o 400 feet from public water supply surface waters

Performance
The following design pollutant removal rates are conservative average pollutant reduction percentages for
design purposes. Additional information on pollutant removal efficiencies can be found in the Site
Evaluation Tool User Guidance and Documentation For the Lake Maumelle Drainage Basin, Pulaski
County, Arkansas.
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Table 13. Design Pollutant Removal Efficiencies for Vegetated Filter Strip with Level Spreader
Structural Control
Vegetated Filter Strip with
Level Spreader

Total Phosphorous

TSS

Total Organic Carbon

38%

63%

46%

The SET User Guide and Documentation estimates an annual runoff reduction of 50 percent for vegetated
filter strips with level spreaders.
Construction specifications
 Provide sufficient maintenance access (i.e., 12-foot-wide road with legally recorded easement).
 Vegetated access slopes are to be a maximum of 10 percent; gravel slopes to 15 percent; paved
slopes to 25 percent.
 Include directions in the specifications for use of appropriate fertilizer and soil amendments based
on soil properties determined through testing and compared to the needs of the vegetation
requirements.
 Install strips at the time of the year when there is a reasonable chance of successful establishment
without irrigation; however, it is recognized that rainfall in a given year might not be sufficient
and temporary irrigation could be required.
 If sod tiles must be used, they should be placed so that there are no gaps between the tiles; stagger
the ends of the tiles to prevent the formation of channels along the strip.
 Use a roller on the sod to ensure that no air pockets form between the sod and the soil.
 Where seeds are used, erosion controls will be necessary to protect seeds for at least 75 days after
the first rainfall of the season.
Maintenance
Filter strips require similar maintenance to other vegetative practices. Typical maintenance activities for
vegetated filter strips shall include but not be limited to the following:
 Inspect pea gravel diaphragm for clogging and remove built-up sediment.
 Inspect concrete level spreader for cracking or debris.
 Inspect vegetation for rills and gullies and correct. Seed or sod bare areas.
 Inspect to ensure that grass has established. If not, replace with an alternative species.
 Remove sediment buildup in the swale when it has accumulated to 25 percent of the original
capacity.
References
California Stormwater Quality Association. 2003. California Stormwater BMP Handbook. Available
online: http://www.cabmphandbooks.com
North Carolina Department of Environment and Natural Resources. 2010. NCDENR Stormwater BMP
Manual – Chapter 8. Level Spreader – Vegetative Filter Strip System. Available online:
http://portal.ncdenr.org/web/wq/ws/su/bmp-ch8
USEPA (U.S. Environmental Protection Agency). 2006. EPA Menu of BMPs. Vegetated Filter Strip Fact
Sheet. Available online:
http://cfpub.epa.gov/npdes/stormwater/menuofbmps/index.cfm?action=browse&Rbutton=detail&
bmp=76&minmeasure=5.
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Extended Detention Wet Pond
Description/purpose
Extended detention wet ponds are constructed basins that have a permanent pool of water. The facility
treats incoming stormwater runoff by settling and biological uptake. A wet detention pond is a common
method to satisfy both stormwater detention and stormwater quality requirements. The primary removal
mechanism is settling as stormwater runoff resides in this pool, but pollutant uptake, particularly of
nutrients, also occurs to some degree through biological activity in the pond. A wet detention pond is
generally more effective than a dry detention pond at allowing sediments and other pollutants to
completely settle out.
Wet pond application is appropriate in the following settings: (1) where there is a need to achieve a
reasonably high level of dissolved contaminant removal or sediment capture, (2) in small- to medium-size
regional tributary areas with available open space and drainage areas greater than about 10 hectares
(25 acres), (3) where baseflow rates or other channel flow sources are relatively consistent year-round,
and (4) in residential settings where aesthetic and wildlife habitat benefits can be appreciated, and
maintenance activities are likely to be consistently undertaken.
Emphasis can be placed in siting wet ponds in areas where the pond can also function as an aesthetic
amenity or in conjunction with other stormwater management functions.

Figure 34. Schematic of an extended detention wet pond.

Advantages/limitations
Advantages
 If properly designed, constructed and maintained, wet ponds can provide substantial
aesthetic/recreational value and wildlife and wetlands habitat.
 Ponds are often viewed as a public amenity when integrated into a park setting.
 Because of the presence of the permanent wet pool, properly designed and maintained wet ponds
can provide significant water quality improvement across a relatively broad spectrum of
constituents including dissolved nutrients.
 Widespread application with sufficient WQv can provide significant control of channel erosion
and enlargement caused by changes to flow frequency relationships resulting from the increase of
impervious cover in a watershed.
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Limitations

Wet detention ponds may not be feasible in very dense urban areas because of their large size
and permanent pool.
 Do not locate detention ponds on steep unstable slopes, in areas with a high groundwater table or
on shallow fractured bedrock. Impervious soils such as clay are desirable to maintain water levels
during the summer or other dry periods.
 A wet detention pond will require frequent inspection and maintenance. Trash, debris, leaves and
other large items should be removed from the detention pond following each rainfall event. If
upstream erosion is not properly controlled, wet detention ponds can be maintenance-intensive
with respect to sediment removal and nuisance odors. If clay soils are not available, an
impermeable liner may be necessary to maintain water levels.
 Large wet detention ponds may be subject to State Dam Safety regulations.
Design Criteria
 Sizing—The pond should be sized to contain at least 50 percent of the water quality volume
within the permanent pool. Any portion of the water quality volume not contained within the
permanent pool must be released over 24 hours. Flood control may be addressed with extended
detention above the permanent pool volume.
 Pond Configuration—The wet pond should be configured as a two-stage facility with a sediment
forebay and a main pool. The ponds should be wedge-shaped, narrowest at the inlet and widest at
the outlet. The minimum length to width ratio should be at least 2.0. The perimeter of all
permanent pool areas with depths of 4.0 feet or greater should be surrounded by an aquatic bench.
This bench should extend inward 10 feet from the perimeter of the permanent pool and should be
no more than 18 inches below normal depth. The area of the bench should not exceed about
25 percent of pond surface. The depth in the center of the pond should be 4–8 feet deep to prevent
vegetation from encroaching on the pond open water surface.
o Water depth not to exceed about 8 feet.
o Wetland vegetation occupying no more than 25 percent of surface area.
o Include energy dissipation in the inlet design and a sediment forebay to reduce
resuspension of accumulated sediment and facilitate maintenance.
o A maintenance ramp should be included in the design to facilitate access to the forebay
for maintenance activities and for vector surveillance and control. Detention ponds must
be located in a maintenance easement so that county personnel have the right to inspect
the facility. Maintenance easements that are not adjacent to a right-of-way must also have
an access easement, which allows for vehicle access without large trees or excessive
vehicle grades.
o A permanent detention pond design must be stamped by a professional engineer licensed
in the state of Arkansas. The professional engineer must be qualified by education and
experience to perform the necessary hydrologic and hydraulic calculations.
o Design flow paths to minimize potential short-circuiting by locating the inlets as far away
from the outlet structure as possible. The length-to-width ratio of a pond should be at
least 2:1 (and preferably 3:1). If topography or aesthetics require the pond to have an
irregular shape, increase the pond area and volume to compensate for dead spaces.
o
Antiseep collars (around the outlet pipe) and cutoff clay layers (within the
embankment) are usually necessary to reduce seepage. An antiseep collar should extend
at least one pipe diameter from the culvert in all directions, with compacted clay backfill
using small mechanical tampers.
 Pond Side Slopes—Side slopes of the pond should be 3:1 (H:V) or flatter for grass stabilized
slopes. Slopes steeper than 3:1 should be stabilized with an appropriate slope stabilization
practice.
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Sediment Forebay—A forebay can be separated from the remainder of a detention pond by
several means: a lateral sill with rooted wetland vegetation, rock-filled gabion, rock-retaining
wall, or rock check dam placed laterally across the pond.
Overflow and Outflow Structures—The facility should have a separate drain pipe with a manual
valve that can completely or partially drain the pond for maintenance purposes. To allow for
possible sediment accumulation, the submerged end of the pipe should be protected, and the drain
pipe should be sized to drain the pond within 24 hours. The valve should be located at a point
where it can be operated in a safe and convenient manner.
The overflow structure, typically a concrete or riprap weir, and associated freeboard must be
designed in accordance with applicable local or state dam safety requirements. The embankment
should be designed in accordance with all relevant specifications for small dams.
Vegetation—A plan should be prepared that indicates how aquatic and terrestrial areas will be
vegetatively stabilized. Wetland vegetation elements should be placed along the aquatic bench or
in the shallow portions of the permanent pool. The optimal elevation for planting of wetland
vegetation is within 6 inches vertically of the normal pool elevation.
Provide rooted vegetation at the pond perimeter, which serves several functions. Rooted
vegetation enhances the removal of dissolved pollutants and reduces the formation of floating
algae. It provides some habitat for insects, aquatic life, and wetland wildlife. The littoral zone for
rooted vegetation should be 10 feet wide with a water depth of no more than 18 inches.
Vegetation in general slows flow velocities and increases settling.
If placement of wetland vegetation along the perimeter is not feasible, consider the use of nonrooted wetland species (i.e., floating plants). Non-rooted vegetation is actually more effective
than rooted vegetation in removing dissolved nutrients and metals. Non-rooted vegetation can be
placed within floating containers to facilitate periodic removal and cleaning. Another alternative
is a rock filter or bed to support non-rooted vegetation (similar to design of wastewater oxidation
ponds).

Other Design Considerations
 Pretreatment of stormwater runoff with a media filtration inlet or oil/water separator might be
necessary.
 A trash rack for capturing floating debris is generally considered to be standard equipment for a
stormwater treatment BMP. Include trash racks or other debris barriers with a maximum opening
size of 6 inches on all outlet structures, except for any emergency spillway structures that are
designed for a 25-year storm or greater return period. Trash racks that are placed at an angle to
the direction of flow are somewhat less vulnerable to clogging.
 Stormwater runoff that falls onto pavement and rooftops should be detained and treated in a
manner that will reduce thermal effects on streams, such as locating a detention pond away from
sunlight by using trees or buildings as shade.
 Interaction with site utilities must be considered during preliminary design. Typical utilities
include electrical, telephone, cable TV, water, sewer, natural gas, petroleum, etc. These utilities
could be in a dedicated utility easement, so it is always necessary to conduct a careful site survey.
Detention ponds (including embankments) are not allowed over utility lines.
 It might be desirable to discourage public access to the detention pond (by using site grading,
signs, fences or gates). Additional safety elements include trash racks, grating over pipes and
culverts. Use of gentle side slopes will improve safety as well.
 An antivortex device for the outlet structure potentially may be needed for very large detention
ponds in areas where public access is not limited. The antivortex device can be a combination of
vanes above the outlet structure or guide walls around the outlet structure, which lessen the
chance of humans drowning or reduce the potential for erosion and structural undercutting.
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Mosquitoes can be reduced by installing a steeper shelf transition at the water surface to reduce
areas with water depths less than 12 inches. Small rock walls, gabions or other structures can help
to create this shelf transition.
Adequate access must be provided for wet extended detention ponds for inspection and
maintenance of both the pond and outlet area, including the appropriate equipment and vehicles.

Performance
The following design pollutant removal rates are conservative average pollutant reduction percentages for
design purposes. Additional information on pollutant removal efficiencies can be found in the Site
Evaluation Tool User Guidance and Documentation For the Lake Maumelle Drainage Basin, Pulaski
County, Arkansas.
Table 14. Design Pollutant Removal Efficiencies for Extended Detention Wet Pond
Structural Control
Extended detention wet
pond

Total Phosphorus

TSS

Total Organic Carbon

50%

80%

25%

Construction specifications
The maximum slope above the permanent pool storage volume must generally be 3:1 (H:V) or flatter.
This encourages a strong growth of vegetation on the side slopes and helps to prevent soil erosion. Steep
slopes, particularly on embankments or other fill soils, contribute to soil erosion, and thereby reduce or
negate the effectiveness of a wet detention pond with respect to water quality. Vegetate the side slopes to
the maximum extent practical. If side erosion is particularly severe, consider the use of soil stabilization
or armoring techniques. Do not locate detention ponds immediately above or below a steep slope or
grade, because impounded water could create slope stability problems.
Provide sufficient maintenance access (i.e., 12-foot-wide road with legally recorded easement). Vegetated
access slopes are to be a maximum of 10 percent; gravel slopes to 15 percent; paved slopes to 25 percent.
The littoral zone is an area of the detention pond that supports rooted wetland vegetation. The littoral zone
should be 1 to 2 feet below the normal water level, with a gentle slope of 6:1 (H:V) or flatter. Typically
the littoral zone is 10 feet wide. The remainder of the permanent pool storage volume can have slopes as
steep as 2:1 (H:V); that portion of the wet detention pond is generally protected against rainfall, water
velocities, and wave action so that erosion does not occur.
The minimum width for top of embankment is 5 feet. Allow for 10 percent settlement of embankment,
unless the embankment is thoroughly compacted with vibratory equipment or sheepsfoot rollers. The top
of embankment (after expected settlement) should generally be at least 2 feet above the top of the outlet
structure and at least 1 foot above the peak 100-year water surface elevation. Compaction in the
immediate area of the emergency spillway can be difficult but is necessary.
Retaining walls can be used on one or more sides of a detention pond if properly designed. Analysis of a
retaining wall should include effects of saturated soil behind the retaining wall, in addition to the usual
design considerations of vehicle and structural loadings above the retaining wall.
Maintenance
 All pond structures expected to receive or trap (or both) debris and sediment should be inspected
for clogging and excessive debris and sediment accumulation at least once per year and after
every storm greater than 1 inch.
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Sediment removal should be conducted when the pond is completely dry, unless the permanent
pool intersects with the groundwater table. Sediment should be disposed of properly and once
sediment is removed, disturbed areas above the permanent pool elevation need to be immediately
stabilized and revegetated.
Mowing or trimming of vegetation should be performed as necessary to sustain the system, but all
detritus should be removed from the pond.
Vegetated areas should be inspected annually for erosion.
Vegetated areas should be inspected annually for unwanted growth of exotic/invasive species.
Vegetative cover should be maintained at a minimum of 95 percent. If vegetative cover has been
reduced by 10 percent, vegetation should be reestablished.

References
City of Knoxville, TN. 2003. Knoxville BMP Manual. Available online:
http://www.ci.knoxville.tn.us/engineering/bmp_manual/.
California Stormwater Quality Association.2003. California Stormwater BMP Handbook. Available
online: http://www.cabmphandbooks.com.
Atlanta Regional Commission (ARC). 2001. Georgia Stormwater Management Manual. Volume 2.
Technical Handbook. Atlanta Regional Commission, Atlanta, GA. Available online:
http://www.georgiastormwater.com/.
Virginia DCR Stormwater Design Specifications. No. 14: Wet Pond. Virginia Department of
Conservation and Recreation, Richmond, VA. Available online:
http://www.vwrrc.vt.edu/swc/NonProprietaryBMPs.html

June 2010
Part 2.4 Extended Detention Wet Pond

155

Pulaski County Stormwater Management and Drainage Manual

Extended Detention Dry Basin
Description/purpose
Extended detention dry basins detain stormwater runoff for some minimum time, which allows litter,
debris, sediment and pollutants to settle out. One or more outlet structures release the stormwater slowly
to reduce peak discharges thereby providing flooding control as well. The facility is intended to be dry
between storm events; therefore, it does not have a permanent pool.
Advantages/limitations
Advantages
 Extended detention dry basins can be used wherever a lack of sufficient supply water would
prevent the use of wet detention ponds or wetlands.
Limitations
 Extended detention Dry basins are not as effective at removing soluble pollutants as wet detention
ponds, but are relatively easy and inexpensive to construct and operate.
 Use of these facilities is limited to watersheds greater than an acre. Any smaller of a watershed
would require that the facility be designed with an orifice of less than one-half inch, which would
be prone to clogging.
 Dry detention basins require a relatively large surface area (1 percent to 3 percent of the
contributing drainage area) to provide sufficient pond volume for detention and water quality.
This can be reduced somewhat by using concrete retaining walls on one or more sides.
 Dry detention basins require a differential elevation between inlets and outlets, for which
extremely flat areas might not be suitable.

Figure 35. Schematic of an extended detention dry basin.

Design criteria
 Basin depths optimally range from 2 to 5 feet. A shallow detention basin with a large surface area
will usually perform better than a deeper detention basin with the same volume. However,
shallow storage areas increase the overall surface area needed for detention.
 Public safety should be considered, particularly in residential areas. Avoid steep slopes and
dropoffs; consider routes for escaping the detention basin if a person accidentally falls in. Avoid
depths of more than 4 feet when possible; provide fencing and signs in areas where children
might play. An antivortex device for the outlet structure might be needed for very large detention
basins in areas where public access is not limited. The antivortex device can be a combination of
vanes above the outlet structure or guide walls around the outlet structure, that might lessen the
chance of humans drowning or reduce the potential for erosion and structural undercutting.
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Include energy dissipation in the inlet design to reduce resuspension of accumulated sediment.
A maintenance ramp and perimeter access should be included in the design to facilitate access to
the basin for maintenance activities and for vector surveillance and control.
Extended detention dry basins can be used with almost all soils and geology, with minor design
adjustments for regions of rapidly percolating soils such as sand. In these areas, extended
detention ponds might need an impermeable liner to prevent groundwater contamination.
The base of the extended detention facility should not intersect the water table. A permanently
wet bottom can become a mosquito breeding ground.
Dry ponds should be designed to detain water for 2-4 days.
Pretreatment of stormwater runoff with a media filtration inlet or oil/water separator might be
necessary to provide additional water quality treatment.
A sediment forebay is recommended to reduce sediment loading, particularly if the detention
basin is modified to also function as a temporary sediment basin during the construction phase.
The use of an upper stage (for storage of infrequent storms) is optional; there are both benefits
and drawbacks.
Design flow paths to minimize potential short-circuiting by locating the inlets as far away from
the outlet structure as possible. The length-to-width ratio of a basin should be at least 2:1 (and
preferably 3:1). Baffles or backslope drains can be used to prevent short-circuiting. If topography
or aesthetics require the pond to have an irregular shape, increase pond area and volume to
compensate for dead spaces. It is important to reduce the velocity of incoming stormwater using
riprap or other energy dissipators.
Additional safety elements include trash racks, grating over pipes and culverts, gentle side slopes
whenever possible, increased visibility and/or lighting in residential areas, etc.
A low-flow channel can assist detention basins with flat slopes to drain completely. It also assists
with the observation and removal of accumulated sediment. A typical design would be a
triangular ditch, 4 feet wide and 3 inches deep, with a slope of 0.5 to 1.0 percent.
Depending on the amount of compaction for the embankment, an antiseep collar or a cutoff layer
of compacted clay may be needed around the outlet pipe. An antiseep collar should extend at least
one pipe diameter from the culvert in all directions, with compacted clay backfill using small
mechanical tampers.
Include trash racks or other debris barriers with a maximum opening size of 6 inches on all outlet
structures, except for any emergency spillway structures that are designed for a 25-year storm or
greater return period. Trash racks that are placed at an angle to the direction of flow are somewhat
less vulnerable to clogging.

Performance
Extended detention dry basins provide moderate pollutant removal, provided that the recommended
design features 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.
The load reduction is greater than the concentration reduction because of the substantial infiltration that
occurs. Although the infiltration of stormwater is clearly beneficial to surface receiving waters, there is
the potential for groundwater contamination. Vegetated detention basins appear to have greater pollutant
removal than concrete basins.
The following design pollutant removal rates are conservative average pollutant reduction percentages for
design purposes. Additional information on pollutant removal efficiencies can be found in the Site
Evaluation Tool User Guidance and Documentation For the Lake Maumelle Drainage Basin, Pulaski
County, Arkansas.
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Table 15. Design Pollutant Removal Efficiencies for Extended Detention Dry Basins
Structural Control

Total Phosphorous

TSS

Total Organic Carbon

15%

49%

4%

Extended Detention Dry Basin

Construction specifications
Interaction with site utilities must be considered during preliminary design. Typical utilities include
electrical, telephone, cable TV, water, sewer, natural gas, petroleum, etc. These utilities could be in a
dedicated utility easement, so it is always necessary to conduct a careful site survey. Detention basins
(including embankments) are not recommended and may not be allowed by utility providers.
Provide sufficient maintenance access (i.e., 12-foot-wide road with legally recorded easement). Vegetated
access slopes are to be a maximum of 10 percent; gravel slopes to 15 percent; paved slopes to 25 percent.
Proper hydraulic design of the outlet is critical to achieving good performance for both stormwater
detention and stormwater quality of the dry detention basin. The two most common problems for
detention basin outlets are
 The discharge capacity of the outlet structures is too great. This causes excessive basin outflows
and results in fast drawdown times and inadequate filling of the detention basin volume. Both
stormwater detention and stormwater quality will suffer.
 The outlet structure clogs because it is not adequately protected against trash and debris. The use
of innovative trash racks is recommended. A typical trash rack that is often created uses welded
reinforcement bars with 2-inch openings and is sufficient to stop most beverage cans, food
containers from restaurants, tree limbs, etc. A trash rack sized with 1-inch to 1.5-inch openings is
preferable to also catch leaves and small sticks.
Side slopes should generally be 3:1 (H:V) or flatter to allow for traversable access to the bottom of the
detention basin. This also encourages a strong growth of vegetation on the side slopes and helps to
prevent soil erosion. Steep slopes, particularly on embankments or other fill soils, will contribute to soil
erosion and thereby reduce or negate the effectiveness of a dry detention basin with respect to water
quality.
Vegetate the side slopes and basin bottom to the maximum extent practical. If side erosion is particularly
severe, consider the use of soil stabilization or armoring techniques. Do not locate detention basins
immediately above or below a steep slope or grade, because impounded water could create slope stability
problems.
Minimum width for the top of the embankment is 5 feet. Allow for 10 percent settlement of the
embankment, unless the embankment is thoroughly compacted with vibratory equipment or sheepsfoot
rollers. The top of the embankment (after expected settlement) should generally be at least 2 feet above
the top of the outlet structure and at least 1 foot above the peak 100-year water surface elevation.
Compaction in the immediate area of the emergency spillway can be difficult but is necessary.
In instances where stormwater runoff does not flow directly down a slope, the side slope of a detention
basin can be as steep as 2:1 (H:V) with proper erosion controls, geotextiles, and quick establishment of
vegetation. Retaining walls can be used on one or more sides of a detention basin if properly designed.
Analysis of a retaining wall should include effects of saturated soil behind the retaining wall, in addition
to the usual design considerations of vehicle and structural loadings above the retaining wall.
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The use of a backslope drain can be very beneficial in preventing erosion at detention basins. The
backslope drain is also useful for increasing lengths of flow paths to prevent short circuiting of the
detention basin.
Intercepted stormwater can be routed around the detention basin to enter at the most hydraulically distant
point from the outlet structure.
A concrete outlet structure is preferable to a masonry block structure because it is sturdier and more
durable. Provisions should be made for sufficient reinforcement and anchoring.
The specific flow-controlling elements of an outlet structure can include one or more of the following:
circular orifice, noncircular orifice, rectangular weir, trapezoidal weir, triangular weir, V-notch weir,
culvert entrance control, or riser overflow opening.
Maintenance
Dry ponds should have a maintenance plan, and privately owned facilities should have an easement, deed
restriction, or other legal measure to prevent neglect or removal. During the first growing season or until
established, vegetation shall be inspected monthly. Dry ponds shall be inspected at least once per year and
after every storm greater than 1.5 inch.
Inspections should assess the vegetation, erosion, flow channelization, bank stability, inlet/outlet
conditions, embankment, and sediment/debris accumulation. Problems should be corrected as soon as
possible. Vegetation will need support (watering, weeding, mulching, replanting, etc.) during the first 3
years. Undesirable species should be carefully removed and desirable replacements planted if necessary.
Sediment should be removed from the forebay before it occupies 50 percent of the forebay, typically
every 5 to 10 years.
References
City of Knoxville, TN. 2003. Knoxville BMP Manual Available online:
http://www.ci.knoxville.tn.us/engineering/bmp_manual/.
California Stormwater Quality Association. 2003. California Stormwater BMP Handbook. Available
online: http://www.cabmphandbooks.com.
Virginia DCR Stormwater Design Specifications. No. 15: Extended Detention Pond. Virginia Department
of Conservation and Recreation, Richmond, VA. Available online:
http://www.vwrrc.vt.edu/swc/NonProprietaryBMPs.html
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Extended Detention Stormwater Wetland
Description/Purpose
Extended detention stormwater wetlands (also referred to as constructed wetlands) are constructed,
shallow, marsh systems that are designed to both treat urban stormwater and control runoff volumes. As
stormwater runoff flows through the wetland facility, pollutant removal is achieved through settling and
uptake by marsh vegetation.
Wetlands are among the most effective stormwater practices in terms of pollutant removal and also offer
aesthetic value and wildlife habitat. Constructed stormwater wetlands differ from natural wetland systems
in that they are engineered facilities designed specifically for the purpose of treating stormwater runoff
and typically have less biodiversity than natural wetlands both in terms of plant and animal life. However,
as with natural wetlands, stormwater wetlands require a continuous baseflow or a high water table to
support aquatic vegetation.
There are several design variations of the stormwater wetland, each design differing in the relative
amount of shallow and deep water, and dry storage above the wetland. These include the shallow wetland,
the extended detention shallow wetland, pond/wetland system and pocket wetland. Below are descriptions
of each design variant:
 Shallow Wetland: In the shallow wetland design, most of the water quality treatment 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 of this design is that, because the pool is very shallow, a relatively large amount of
land is typically needed to store the WQv.
 Extended Detention Shallow Wetland: The extended detention (ED) shallow wetland design is the
same as the shallow wetland; however, part of the water quality treatment volume is provided as
extended detention above the surface of the marsh and released over a period of 24 hours. This
design can treat a greater volume of stormwater in a smaller space than the shallow wetland
design. In the extended detention wetland option, plants that can tolerate both wet and dry periods
need to be specified in the ED zone.
 Pond/Wetland Systems: The pond/wetland system has two separate cells: a wet pond and a
shallow marsh. The wet pond traps sediments and reduces runoff velocities before entry into the
wetland, where stormwater flows receive additional treatment. Less land is required for a
pond/wetland system than for the shallow wetland or the ED shallow wetland systems.
 Pocket Wetland: A pocket wetland is intended for smaller drainage areas of 5 to 10 acres and
typically requires excavation down to the water table for a reliable water source to support the
wetland system.
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Figure 36. Schematic of a shallow wetland.

Advantages/Limitations
Stormwater wetlands exhibit good nutrient removal, provide natural wildlife habitat, and have relatively
low maintenance costs. They require a large land area and need continuous baseflow to be viable.
Additionally, sediment regulation is critical to sustain wetlands.
Design Criteria
Stormwater wetlands are generally applicable to most types of new development and redevelopment and
can be used in both residential and nonresidential areas. However, because of the large land requirements,
wetlands might not be practical in higher density areas. The following criteria should be evaluated to
ensure the suitability of a stormwater wetland for meeting stormwater management objectives on a site or
development.
 Minimum contributing drainage area must be 25 acres, 5 acres for a pocket wetland, unless the
groundwater table is intercepted and/or a water balance indicates that a permanent pool can be
sustained.
 Requires a space of approximately 3 percent to 5 percent of the tributary drainage area.
 There should be no more than 8 percent slope across the wetland site.
 The elevation difference from the inflow to the outflow should be::
o 3–5 feet
o 2–3 feet for a pocket wetland
 If the wetland is not within hydrologic group “C” or “D” soils, a liner might be necessary.
 Earthen embankments must be constructed with suitable soils.
 Groundwater must be protected from contamination because of potential hot spot areas, either
through treatment capabilities of the wetland or installation of a liner.
Location and Siting
 A continuous baseflow or high water table is required to support wetland vegetation. A water
balance must be performed to demonstrate that a stormwater wetland can withstand a 30-day
drought at summer evaporation rates without completely drawing down.
 When siting a wetland, take into account the location and use of other site features such as natural
depressions, buffers, and undisturbed natural areas, and attempt to aesthetically fit the facility into
the landscape. Bedrock close to the surface can prevent excavation.
 Stormwater wetlands cannot be located within navigable waters of the United States, including
existing wetlands, without obtaining a CWA Section 404 permit and any other applicable state
permit. In some isolated cases, a wetlands permit may be granted to convert an existing degraded
wetland in the context of local watershed restoration efforts.
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Minimum setback requirements for stormwater wetland facilities (when not specified by local
ordinance or criteria):
o From a property line—10 feet
o From a private well—100 feet; if the well is down-gradient from a hotspot land use, the
minimum setback is 250 feet
o From a septic system tank/leach field—50 feet
All utilities should be outside the wetland site.



General Design
 A well-designed stormwater wetland consists of
1. Shallow marsh areas of varying depths with wetland vegetation
2. Permanent micropool
3. Overlying zone in which runoff control volumes are stored
 Pond/wetland systems also include a stormwater pond facility.
 All wetland designs must include a sediment forebay at the inflow to the facility to allow heavier
sediments to drop out of suspension before the runoff enters the wetland marsh.
 Additional pond design features include an emergency spillway, maintenance access, safety
bench, wetland buffer, and appropriate wetland vegetation and native landscaping.
Physical Specifications/Geometry
In general, wetland designs are unique for each site and application. However, there are a number of
geometric ratios and limiting depths for the design of a stormwater wetland that must be observed for
adequate pollutant removal, ease of maintenance, and improved safety. Table 16 provides the
recommended physical specifications and geometry for the various stormwater wetland design variants.
Table 16. Recommended Design Criteria for Stormwater Wetlands1
Shallow Wetland

ED Shallow
Wetland

Pond/Wetland

Pocket Wetland

Length to Width Ratio
(minimum)

2:1

2:1

2:1

2:1

Extended Detention (ED)

No

Yes

Optional

Optional

Allocation of WQv Volume
(pool/marsh/ED) in %

25/75/0

25/25/50

(includes pond
volume)

Allocation of Surface Area
(deepwater/low marsh/high
marsh/semi-wet) in %

20/35/40/5

10/35/45/10

(includes pond
surface area)

10/45/40/5

Forebay

Required

Required

Required

Optional

Micropool

Required

Required

Required

Required

Reverse-slope
pipe or hooded
broad-crested weir

Reverse-slope
pipe or hooded
broad-crested weir

Reverse-slope
pipe or hooded
broad-crested weir

Hooded broadcrested weir

Design Criteria

Outlet Configuration
1

70/30/0
25/75/0

45/25/25/5

Source: Georgia Stormwater Management Manual (ARC, 2001)



The stormwater wetland should be designed with the recommended proportion of depth zones.
Each of the four wetland design variants has depth zone allocations, which are given as a
percentage of the stormwater wetland surface area. Target allocations are in Table 16. The four
basic depth zones are
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Deepwater zone
From 1.5 to 6 feet deep. Includes the outlet micropool and deepwater channels through the
wetland facility. This zone supports little emergent wetland vegetation but can support
submerged or floating vegetation.
Low marsh zone
From 6 to 18 inches below the normal permanent pool or water surface elevation. This zone is
suitable for the growth of several emergent wetland plant species.
High marsh zone
From 6 inches below the pool to the normal pool elevation. This zone will support a greater
density and diversity of wetland species than the low marsh zone. The high marsh zone should
have a higher surface area to volume ratio than the low marsh zone.
Semi-wet zone
Those areas above the permanent pool that are inundated during larger storm events. This zone
supports a number of species that can survive flooding








A minimum dry-weather flow path of 2:1 (length to width) is required from inflow to outlet
across the stormwater wetland and should ideally be greater than 3:1. This path can be achieved
by constructing internal dikes or berms, using marsh plantings, and by using multiple cells.
Finger dikes are commonly used in surface flow systems to create serpentine configurations and
prevent short-circuiting. Microtopography (contours along the bottom of a wetland or marsh that
provide a variety of conditions for different species needs and increases the surface area to
volume ratio) is encouraged to enhance wetland diversity.
A 4- to 6-foot-deep micropool must be included in the design at the outlet to prevent the outlet
from clogging and resuspension of sediments and to mitigate thermal effects.
Maximum depth of any permanent pool areas should generally be 6 feet.
The volume of the extended detention must not compose more than 50 percent of the total WQv,
and its maximum water surface elevation is 3 feet above the normal pool. Flood control storage
can be provided above the maximum WQv elevation within the wetland.
The perimeter of all deep pool areas (4 feet or greater in depth) should be surrounded by safety
and aquatic benches similar to those for stormwater ponds.
The contours of the wetland should be irregular to provide a more natural landscaping effect.

Pretreatment/inlets
 Inlet and outlet areas must be stabilized to ensure that nonerosive conditions exist during events
up to the 25-year, 24-hour storm.
 Inlet pipe inverts must be located at or above the permanent pool elevation.
 The forebay should be 4 to 6 feet deep. The pretreatment storage volume is part of the total WQv
requirement and can be subtracted from WQv for wetland storage sizing.
 A fixed vertical sediment depth marker must be installed in the forebay to measure sediment
deposition over time. The bottom of the forebay can be hardened (e.g., using concrete, paver
blocks, etc.) to make sediment removal easier.
Outlet Structures
 Flow control from a stormwater wetland is typically accomplished by using a concrete or
corrugated metal riser and barrel. The riser is a vertical pipe or inlet structure that is attached to
the base of the micropool with a watertight connection. The outlet barrel is a horizontal pipe
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attached to the riser that conveys flow under the embankment. The riser should be located within
the embankment for maintenance access, safety, and aesthetics.
A number of outlets at varying depths in the riser provide internal flow control for routing of the
water quality. The number of orifices can vary and is usually a function of the pond design.
o For shallow and pocket wetlands, the riser configuration is typically composed of an
overbank flood control outlet (usually an orifice) and an emergency overflow device
(usually a weir). Because the WQv is fully contained in the permanent pool, no orifice
sizing is necessary for this volume. As runoff from a water quality event enters the wet
pond, it simply displaces that same volume through the flood control orifice. Thus, an
off-line shallow or pocket wetland providing only water quality treatment can use a
simple overflow weir as the outlet structure.
o In the case of an ED shallow wetland, there is generally a need for an additional outlet
(usually an orifice) that is sized to pass the extended detention WQv and is surcharged on
top of the permanent pool. Flow will first pass through this orifice, which is sized to
release the water quality ED volume in 2-4 days. The preferred design is a reverse slope
pipe attached to the riser, with its inlet submerged 1 foot below the elevation of the
permanent pool to prevent floatables from clogging the pipe and to avoid discharging
warmer water at the surface of the pond. The next outlet is sized for the release of the
flood control storage volume. The outlet (often an orifice) invert is located at the
maximum elevation associated with the extended detention WQv and is sized to release
the flood control storage volume as required.
o Alternative hydraulic control methods to an orifice can be used and include the use of a
broad-crested rectangular, V-notch, proportional weir, or an outlet pipe protected by a
hood that extends at least 12 inches below the normal pool.
The water quality outlet (if design is for an ED shallow wetland) should be fitted with adjustable
gate valves or other mechanisms that can be used to adjust detention time.
Higher flows (overbank and extreme flood protection) flows pass through openings or slots
protected by trash racks further up on the riser.
After entering the riser, flow is conveyed through the barrel and is discharged downstream. Antiseep collars should be installed on the outlet barrel to reduce the potential for pipe failure.
Riprap, plunge pools or pads, or other energy dissipators are to be placed at the outlet of the
barrel to prevent scouring and erosion. If a wetland facility daylights to a channel with dryweather flow, care should be taken to minimize tree clearing along the downstream channel and
to reestablish a forested riparian zone in the shortest possible distance.
The wetland facility must have a bottom drain pipe in the micropool with an adjustable valve that
can completely or partially dewater the wetland within 24 hours.
The wetland drain should be sized one pipe size greater than the calculated design diameter. The
drain valve is typically a handwheel activated knife or gate valve. Valve controls must be located
inside the riser at a point where they (a) will not normally be inundated and (b) can be operated
safely.

Emergency Spillway
 An emergency spillway is to be included in the stormwater wetland design to safely pass flows
that exceed the design storm flows. The spillway prevents the wetland’s water levels from
overtopping the embankment and causing structural damage. The emergency spillway must be
located so that downstream structures will not be affected by spillway discharges.
 A minimum of 1 foot of freeboard must be provided, measured from the top of the water surface
elevation for the extreme flood to the lowest point of the dam embankment, not counting the
emergency spillway.
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Maintenance Access
 A maintenance right-of-way or easement must be provided to the wetland facility from a public
or private road. Maintenance access should be at least 12 feet wide, have a maximum slope of no
more than 15 percent, and be appropriately stabilized to withstand maintenance equipment and
vehicles.
 The maintenance access must extend to the forebay, safety bench, riser, and outlet and, to the
extent feasible, be designed to allow vehicles to turn around.
 Access to the riser is to be provided by lockable manhole covers and manhole steps within easy
reach of valves and other controls.
Safety Features
 Fencing of wetlands is not generally desirable but could be required by Pulaski County. A
preferred method is to manage the contours of deep pool areas by including a safety bench (see
above) to eliminate dropoffs and reduce the potential for accidental drowning.
 The principal spillway opening should not permit access by small children, and endwalls above
pipe outfalls greater than 48 inches in diameter should be fenced to eliminate hazards.
Landscaping
 A qualified landscape professional must prepare a Landscaping Plan that includes plant materials,
bedding materials, and maintenance schedules.
 A landscaping plan should be provided that indicates the methods used to establish and maintain
wetland coverage. Minimum elements of a plan include delineation of landscaping zones,
selection of corresponding plant species, planting plan, sequence for preparing wetland bed
(including soil amendments, if needed) and sources of plant material.
 Vegetation selection should be based on the anticipated hydrologic function of the stormwater
wetland (e.g., water level fluctuation).
 Landscaping zones include low marsh, high marsh, and semi-wet zones. The low marsh zone
ranges from 6 to 18 inches below the normal pool. This zone is suitable for the growth of several
emergent plant species. The high marsh zone ranges from 6 inches below the pool up to the
normal pool. This zone will support greater density and diversity of emergent wetland plant
species. The high marsh zone should have a higher surface area to volume ratio than the low
marsh zone. The semi-wet zone refers to those areas above the permanent pool that are inundated
on an irregular basis and can be expected to support wetland plants.
 Design should consider control—predation by carp, geese, deer, etc.
 Woody vegetation may not be planted on the embankment or allowed to grow within 15 feet of
the toe of the embankment and 25 feet from the principal spillway structure.
 A wetland buffer must extend 25 feet outward from the maximum water surface elevation, with
an additional 15-foot setback to structures. The wetland buffer should be contiguous with other
buffer areas that are required by existing regulations (e.g., stream buffers) or that are part of the
overall stormwater management concept plan. No structures should be located within the buffer,
and an additional setback to permanent structures can be provided.
 Existing trees should be preserved in the buffer area during construction. It is desirable to locate
forest conservation areas adjacent to ponds. To discourage resident geese populations, the buffer
can be planted with trees, shrubs, and native ground covers.
 The soils of a wetland buffer are often severely compacted during the construction process to
ensure stability. The density of these compacted soils is so great that it effectively prevents root
penetration and therefore can lead to premature mortality or loss of vigor. Consequently, it is
advisable to excavate large and deep holes around the proposed planting sites and backfill them
with uncompacted topsoil.
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Additional Site‐specific Design criteria and Issues
Physiographic Factors—Local terrain design constraints
 Low Relief—Providing wetland drain can be problematic
 High Relief—Embankment heights restricted
Soils
 Hydrologic group “A” soils and some group “B” soils might require liner (not relevant for pocket
wetland)
Special Downstream Watershed Considerations
 Aquifer Protection—Prevent possible groundwater contamination by preventing infiltration of
hotspot runoff; could require a liner for type “A” soils; pretreat hotspots; 2 foot separation
distance from the seasonally high groundwater table or impermeable soil layer.
 Swimming Area/Shellfish—Design for geese prevention; provide 48-hour ED for maximum
coliform die-off.
Performance
Pollutants are removed from stormwater runoff in a wetland through uptake by wetland vegetation and
biota (algae, bacterial), vegetative filtering, soil adsorption, and gravitational settling in the slow-moving
marsh flow. Volatilization and chemical activity can also occur, breaking down and assimilating a number
of other stormwater contaminants such as hydrocarbons.
The following design pollutant removal rates are conservative average pollutant reduction percentages for
design purposes. Additional information on pollutant removal efficiencies can be found in the Site
Evaluation Tool User Guidance and Documentation For the Lake Maumelle Drainage Basin, Pulaski
County, Arkansas.
Table 17. Design Pollutant Removal Efficiencies for Extended Detention Stormwater Wetlands1
Structural Control
Extended Detention
Stormwater Wetland

Total Phosphorous

TSS

Total Organic Carbon

50%

72%

25%

Construction Specifications
Grading and Site Layout:
 Provide sufficient maintenance access (i.e., 12-foot-wide road with legally recorded easement).
 Vegetated access slopes are to be a maximum of 10 percent; gravel slopes to 15 percent; paved
slopes to 25 percent.
 To the greatest extent possible, stormwater wetlands should be irregularly shaped, and long flow
paths should be maintained.
 Microtopography (small, irregular, 6- to 24-inch variations in bottom topography) should be
included to enhance wetland diversity.
 At least 25 percent of the wetland pool volume of a stormwater wetland must be in deepwater
zones with a depth greater than 4 feet.
 A minimum of 35 percent of the total surface area of stormwater wetlands should have a depth of
6 inches or less, and at least 65 percent of the total surface area must be shallower than 18 inches.
 A micropool must be excavated at the wetland outlet to prevent resuspension of sediments.
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Extended detention associated with the WQv must not extend more than 1 foot above the
permanent pool at its maximum water surface elevation.
The perimeter of all deep pool areas (4 feet or greater in depth) must be surrounded by an access
bench and aquatic bench, as described in the Stormwater Ponds section. The aquatic benches can
be incorporated into the pond microtopography.

Maintenance
Maintenance is very important for stormwater wetlands, particularly in terms of ensuring that they
continue to provide measurable stormwater management benefits over time. Table 18 provides a list of
the routine maintenance activities typically associated with stormwater wetlands.
Table 18. Typical Maintenance Activities for Stormwater Wetlands2
Activity
 Replace wetland vegetation to maintain at least 50% surface area
coverage in wetland plants after the second growing season
 Clean and remove debris from inlet and outlet structures
 Mow side slopes
 Monitor wetland vegetation and perform replacement planting as
necessary

Schedule
One-Time Activity
Frequently
(3 to 4 times/year)
Semiannual Inspection
(first 3 years)

 Examine stability of the original depth zones and microtopographical
features
 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 buildup, and remove appropriately

Annual
Inspection

 Monitor for sediment accumulation in the facility and forebay
 Examine to ensure that inlet and outlet devices are free of debris and
operational
 Repair undercut or eroded areas
 Harvest wetland plants that have been choked out by sediment buildup
 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
2

As Needed
Annually
5 to 7 years or after 50% of the total
forebay capacity has been lost
10 to 20 years or after
25% of the wetland
volume has been lost

Source: Georgia Stormwater Management Manual (ARC, 2001)






Maintenance requirements for constructed wetlands are particularly high while vegetation is
being established. Monitoring during the first years is crucial to the future success of the wetland
as a stormwater structural control. Wetland facilities shall be inspected after major storms (greater
than 1.5 inch of rainfall) during the first year of establishment to assess bank stability, erosion
damage, flow channelization, and sediment accumulation within the wetland. For the first 3 years,
inspections shall be conducted at least twice a year.
Accumulated sediments will gradually decrease wetland storage and performance. The effects of
sediment deposition can be mitigated by removing the sediments.
Sediments excavated from stormwater wetlands that do not receive runoff from designated
hotspots are not considered toxic or hazardous material and can be safely disposed of by either
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land application or landfilling. Sediment testing could be required before sediment disposal when
a hotspot land use is present. Sediment removed from stormwater wetlands shall be disposed of
according to an approved erosion and sediment control plan.
Periodic mowing of the wetland buffer is only required along maintenance rights-of-way and the
embankment. The remaining buffer can be managed as a meadow (mowing every other year) or
forest.
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Infiltration Trench/Basin
Description/purpose
Infiltration trenches/basins are shallow excavations, typically filled with stone or an engineered soil mix,
that are designed to intercept and temporarily store post-construction stormwater runoff until it infiltrates
into the underlying and surrounding soils. If properly designed, they can provide significant reductions in
post-construction stormwater runoff rates, volumes and pollutant loads on development sites.

Figure 37. Schematic of an infiltration trench.

Advantages/limitations
Infiltration trenches/basins can reduce stormwater runoff volumes, increase groundwater recharge,
improve surface water quality, provide thermal benefits and mimic predevelopment hydrology. They can
also be integrated into development plans as attractive landscaping features.
Infiltration trenches/basins have unusual construction considerations that must be taken into account.
They can be used to receive runoff from only relatively small drainage areas of 2–5 acres in size and can
have limitations in areas with very steep slopes. They could require landscaping, so consideration should
be given to periods of inundation and drought. In addition, the potential exists for groundwater
contamination and a tendency to lose effectiveness over time because of clogging, especially if the proper
construction or maintenance precautions are not followed. Infiltration practices should not be used to
receive stormwater runoff that contains high sediment loads.
Design criteria
Although infiltration trenches/basins can provide significant reductions in post-construction stormwater
runoff rates, volumes, and pollutant loads, they have historically experienced high rates of failure because
of clogging caused by poor design, poor construction, and neglected maintenance. If infiltration
trenches/basins are to be used on a development site, great care should be taken to ensure that they are
adequately designed, carefully installed, and properly maintained over time. Infiltration trenches/basins
should be applied on development sites that have permeable soils (e.g., typically hydrologic soil group A
and B soils) and that have a seasonally high groundwater table and confining layers (e.g., bedrock, clay
lenses) that are at least 2 feet below the bottom of the trench or basin. Additionally, infiltration
trenches/basins should always be designed with adequate pretreatment (e.g., vegetated filter strip,
sediment forebay) to prevent sediment from reaching them and causing them to clog and fail.
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Location and siting
Infiltration trenches/basins can be used to manage post-construction stormwater runoff on development
sites in rural, suburban, and urban areas where the soils are permeable enough and the water table is low
enough to provide for the infiltration of stormwater runoff. While infiltration trenches are particularly
well suited for use on small, medium- to high-density development sites, infiltration basins can be used
on larger, lower-density development sites. Infiltration practices should be considered for use only on
development sites where fine sediment (e.g., clay, silt) loads will be relatively low because high sediment
loads will cause them to clog and fail. In addition, infiltration practices should be carefully sited to avoid
the potential contamination of water supply aquifers. When compared with other stormwater management
practices, infiltration practices have a moderate construction cost, a moderate maintenance burden and
require a relatively small amount of surface area.
The criteria listed in Table 19 should be evaluated to determine whether an infiltration practice is
appropriate for use on a development site.
Table 19. Factors to Consider when Evaluating the Overall Feasibility of Using an Infiltration
Practice on a Development Site1
Site Characteristic

Criteria
Infiltration trenches can be used to manage stormwater runoff from contributing
drainage areas up to 2 acres in size.

Drainage Area

Although infiltration basins can be used to manage stormwater runoff from
contributing drainage areas as large as 5 acres in size, contributing drainage areas
of between 2,500 square feet and 2 acres are preferred.

Area Required

Infiltration practice surface area requirements vary according to the size of the
contributing drainage area and the infiltration rate of the soils on which the
infiltration practice will be located. In general, infiltration practices require about 5%
of the size of their contributing drainage areas.

Slope

Although infiltration practices can be used on development sites with slopes of up
to 15%, the infiltration area should be designed with slopes that are as close to flat
as possible to help ensure that stormwater runoff is evenly distributed over the
infiltration bed.

Minimum Head

Unless a shallow water table is found on the development site, all infiltration
practices should be designed with the underlying media at least 36 inches deep.
Infiltration basins can be designed with a maximum ponding depth of 12 inches,
although a ponding depth of 9 inches is recommended to help prevent the
formation of nuisance ponding conditions.

Minimum Depth to
Water Table
Soils
1

2 feet (to seasonally high groundwater table or impermeable soil layer)
Infiltration practices should be designed to completely drain within 48 hours of the
end of a rainfall event. Consequently, infiltration practices generally should not be
used on development sites that have soils with infiltration rates of less than 0.25
inch per hour (e.g., typically hydrologic soil group C and D soils).

Source: Georgia Coastal Stormwater Supplement (CWP, 2009)

General design
There are two major variations of infiltration practices, namely infiltration trenches and infiltration basins.
A brief description of each of these design variants is provided below:
 Infiltration Trenches: Infiltration trenches are excavated trenches filled with stone. The entire water
quality volume is captured and temporarily stored in the stone reservoir, where it is allowed to
infiltrate into the surrounding and underlying native soils. Infiltration trenches can be used to manage
post-construction stormwater runoff from contributing drainage areas of up to 2 acres in size and
should be used only on development sites where sediment loads can be kept relatively low. For
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infiltration basins, the water quality volume should be captured by a combination of the practice’s
ponding and soil storage volumes.
Infiltration Basins: Infiltration basins are shallow, landscaped excavations filled with an engineered
soil mix. They are designed to capture and temporarily store stormwater runoff in the engineered soil
mix, where it is subjected to the hydrologic processes of evaporation and transpiration, before being
allowed to infiltrate into the surrounding soils. They are essentially non-underdrained bioretention
areas, and should be used only on development sites where sediment loads can be kept relatively low.

Physical specifications/geometry
 Infiltration trenches should be used to manage post-construction stormwater runoff from relatively
small drainage areas of 2 acres or less. The stormwater runoff rates and volumes from larger
contributing drainage areas typically become too large to be properly managed within an infiltration
trench.
 Although infiltration basins can be used to manage post-construction stormwater runoff from
contributing drainage areas as large as 5 acres in size, contributing drainage areas of between 2,500
square feet and 2 acres are preferred. Multiple infiltration basins can be used to manage stormwater
runoff from larger contributing drainage areas.
 Although infiltration practices may be used on development sites with slopes of up to 6 percent, they
should be designed with slopes that are as close to flat as possible to help ensure that stormwater
runoff is evenly distributed over the planting bed.
 Infiltration practices should be used on development sites that have underlying soils with an
infiltration rate of 0.25 inch per hour or greater, as determined by NRCS soil survey data and
subsequent field testing. Field infiltration tests must be conducted by a licensed soil scientist,
geotechnical engineer or other professional approved by Pulaski County.
 At least one infiltration test is recommended for each infiltration practice that will be used on the
development site.
 Because clay lenses or any other restrictive layers below the bottom of an infiltration practice will
reduce soil infiltration rates, infiltration testing should be conducted within any confining layers that
are found within 4 feet of the bottom of a proposed infiltration practice.
 Infiltration practices should be designed to provide enough storage for the stormwater runoff volume
generated by the target water quality event (e.g., 90th percentile rainfall event).
 Infiltration practices should be designed to completely drain within 48 hours of the end of a rainfall
event. Where site characteristics allow, it is preferable to design infiltration practices to drain within
24 hours of the end of a rainfall event to help prevent the formation of nuisance ponding conditions.
 Broader, shallower infiltration trenches perform more effectively by distributing stormwater runoff
over a larger surface area. However, a minimum depth of 36 inches is recommended for all
infiltration trench designs to prevent them from consuming a large amount of surface area on
development sites. Whenever practical, the depth of infiltration trenches should be kept to 60 inches
or less.
 Unless a shallow water table is found on the development site, all infiltration trenches and basins
should be designed to be at least 36 inches deep. If a shallow water table is found on the development
site, the depth of the stone reservoir might be reduced to 18 inches.
 Infiltration trenches should be filled with clean, washed stone. The stone used in the infiltration trench
should be No. 57, with a void space of approximately 40 percent. Unwashed aggregate contaminated
with soil or other fines may not be used in the trench.
 Underlying native soils should be separated from the stone reservoir by a thin, 2- to 4-inch layer of
choker stone (e.g., ASTM D 448 size No. 8, 3/8 inch to 1/8 inch or ASTM D 448 size No. 89, 3/8
inch to 1/16 inch).
 The top and sides of the infiltration trench should be lined with a layer of appropriate permeable filter
fabric. The filter fabric should be a non-woven geotextile with a permeability that is greater than or
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equal to the infiltration rate of the surrounding native soils. The top layer of the filter fabric should be
located 6 inches from the top of the excavation, with the remaining space filled with pea gravel (e.g.,
ASTM D 448 Size No. 8, 3/8 inch to 1/8 inch) or other appropriate landscaping. The top layer serves
as a sediment barrier and, consequently, will need to be replaced over time. Designers should ensure
that the top layer of filter fabric can be readily separated from the filter fabric used to line the sides of
the infiltration trench.
The soils used within infiltration basin planting beds should be an engineered soil mix that meets the
following specifications:
o Texture: Sandy loam or loamy sand.
o Sand Content: Soils must contain 85 percent -88 percent clean, washed sand.
o Silt/Clay Content: Soils must contain 8 percent -12 percent silt or clay.
o Organic Matter Content: Soils must contain 3 percent -5 percent organic matter.
o Infiltration Rate: Soils must have an infiltration rate of at least 0.25 inches per hour.
o Phosphorus Index (P-Index): Soils should have a P-Index of less than 30.
o Exchange Capacity (CEC): Soils should have a CEC that exceeds 10 milliequivalents (meq)
per 100 grams of dry weight.
o pH: Soils should have a pH of 6–8.
The organic matter used within an infiltration basin planting bed should be a well-aged compost.
The depth from the bottom of an infiltration practice to the top of the seasonally high groundwater
table or impermeable soil layer should be at least 2 feet to help prevent ponding and ensure proper
operation of the infiltration practice. To help prevent damage to building foundations and
contamination of groundwater aquifers, infiltration practices should be located at least
o 10 feet from building foundations
o 10 feet from property lines
o 100 feet from private water supply wells
o 1,200 feet from public water supply wells
o 100 feet from septic systems
o 100 feet from surface waters
o 400 feet from public water supply surface waters
An observation well should be installed in every infiltration practice. An observation well consists of
a 4- to 6-inch perforated PVC (AASHTO M 252) pipe that extends to the bottom of the infiltration
practice. The observation well can be used to observe the rate of drawdown within the infiltration
practice following a storm event. It should be installed along the centerline of the infiltration practice,
flush with the elevation of the surface of the infiltration practice. A visible floating marker should be
provided within the observation well, and the top of the well should be capped and locked to prevent
tampering and vandalism.

Sizing
Several equations are needed to size infiltration practices. The first equations establish the maximum
depth of the infiltration practice, depending on whether it is a basin (equation 1) or trench (equation 2).
(1) Basin: dmax = (1/2 f * td)
(2) Trench: dmax = (1/2 f * td)/Vr
where:
dmax = maximum depth of the infiltration practice (feet)
f = measured infiltration rate (ft/day)
td = maximum drawn down time (normally 1.5 to 2 days) (day)
Vr = void ratio of the stone reservoir (0.4)
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Designers should compare these results to the maximum allowable depths described above, and use
whichever value is less for subsequent design. Once the maximum depth is known, then calculate the
surface area needed for an infiltration practice using equation 3 or 4:
(3) Basin: SA = TV / (dmax + ½ f * tf )
(4) Trench: SA = TV / (Vr*dmax + ½ f*tf )
Where:
SA = surface area (sf)
TV = design volume (e.g., portion of WQv) (ft3)
Vr = Void Ratio (assume 0.4)
dmax = maximum depth of the infiltration practice (feet)
f = measured infiltration rate (ft/day)
tf = Time to fill infiltration facility (typically 2 hours, or 0.083 days) (day)
Pretreatment/inlets
 Infiltration practices should be preceded by a pea gravel (e.g., ASTM D 448 Size No. 8, 3/8 inch to
1/8 inch) diaphragm or equivalent level spreader device (e.g., concrete sills, curb stops, curbs with
sawteeth cut into them) and appropriate pretreatment devices, such as a vegetated filter strip or
sediment forebay.
Overflow
 Consideration should be given to the stormwater runoff rates and volumes generated by larger storm
events (e.g., 25-year, 24-hour storm event) to help ensure that these larger storm events are able to
safely bypass the infiltration practice. An overflow system should be designed to convey the
stormwater runoff generated by these larger storm events safely out of the infiltration practice.
Methods that can be used to accommodate the stormwater runoff rates and volumes generated by
these larger storm events include:
o Using storm drain inlets set slightly above the elevation of the surface of an infiltration trench
to collect excess stormwater runoff. This will create some ponding on the surface of the
infiltration trench but can be used to safely convey excess stormwater runoff off of the
surface of the trench.
o Using a spillway with an invert set slightly above the elevation of maximum ponding depth to
convey the stormwater runoff generated by larger storm events safely out of an infiltration
basin.
o Placing a perforated pipe (e.g., underdrain) near the top of the stone reservoir or planting bed
to provide additional conveyance of stormwater runoff after the infiltration trench or basin
has been filled.
Maintenance Access
 Adequate access must be provided for an infiltration facility for inspection, maintenance, and
landscaping upkeep, including appropriate equipment and vehicles.
Landscaping
 The landscaped area above the surface of an infiltration trench can be covered with pea gravel (e.g.,
ASTM D 448 size No. 8, 3/8 inch to 1/8 inch). The pea gravel layer provides sediment removal and
additional pretreatment upstream of the infiltration trench and can be easily removed and replaced
when it becomes clogged.
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Alternatively, an infiltration trench can be covered with an engineered soil mix, such as that
prescribed for use in infiltration basins, and planted with managed turf or other herbaceous
vegetation. This might be an attractive option when infiltration trenches are placed in disturbed
pervious areas (e.g., lawns, parks, community open spaces).
A landscaping plan should be prepared for all infiltration basins. The landscaping plan should be
reviewed and approved by Pulaski County before construction.
Vegetation commonly planted in infiltration basins includes native trees, shrubs, and other
herbaceous vegetation. When developing a landscaping plan, designers should choose vegetation that
will be able to stabilize soils and tolerate the stormwater runoff rates and volumes that will pass
through the infiltration basin. Vegetation used in infiltration basins should also be able to tolerate
both wet and dry conditions.
A mulch layer, consisting of 2–4 inches of fine shredded hardwood mulch or shredded hardwood
chips, should be included on the surface of an infiltration basin.
Methods used to establish vegetative cover within an infiltration basin should achieve at least
75 percent vegetative cover one year after installation.
To help prevent soil erosion and sediment loss, landscaping should be provided immediately after an
infiltration basin has been installed. Temporary irrigation might be needed to quickly establish
vegetative cover within an infiltration basin.

Additional site‐specific design criteria and issues
 Underlying soils must have silt/clay contents less than 40 percent and clay content less than
20 percent.
 To avoid seepage and frost heave concerns, infiltration practices must not be hydraulically connected
to structure foundations or pavement.
 Infiltration practices may not be used for treatment of stormwater from potential hot spot areas.
 Unless slope stability can be otherwise demonstrated, infiltration practices must be located a
minimum horizontal distance of 200 feet from down-gradient slopes greater than 20 percent, and
slopes in contributing drainage areas must be limited to 15 percent.
 Infiltration areas should not be used for recreational purposes or other foot traffic.
Performance
The following design pollutant removal rates are conservative average pollutant reduction percentages for
design purposes. Additional information on pollutant removal efficiencies can be found in the Site
Evaluation Tool User Guidance and Documentation For the Lake Maumelle Drainage Basin, Pulaski
County, Arkansas.
Table 20. Design Pollutant Removal Efficiencies for Infiltration Trenches/Basins
Structural Control
Infiltration Trench/Basin

Total
Phosphorous
90%

TSS

Total Organic Carbon

90%

90%

The SET User Guide and Documentation estimates an annual runoff reduction of 90 percent for
infiltration trenches/basins.
Construction specifications
To help ensure that infiltration practices are successfully installed on a development site, designers should
consider the following recommendations:
 Provide sufficient maintenance access (i.e., 12-foot-wide road with legally recorded easement).
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Vegetated access slopes are to be a maximum of 10 percent; gravel slopes to 15 percent; paved slopes
to 25 percent.
To prevent practice failure due to sediment accumulation and pore clogging, infiltration practices
should be installed only after their contributing drainage areas have been completely stabilized. To
help prevent infiltration practice failure, stormwater runoff can be diverted around the infiltration
practice until the contributing drainage area has become stabilized.
Simple erosion and sediment control measures, such as temporary seeding and erosion control mats,
should be used within any landscaped infiltration practices. Appropriate measures should be taken
(e.g., temporary diversion) to divert post-construction stormwater runoff around a landscaped
infiltration practice until vegetative cover has been established.
To help prevent soil compaction, heavy vehicular and foot traffic should be kept out of infiltration
practices before, during and after construction. This can typically be accomplished by clearly
delineating infiltration practices on all development plans and, if necessary, protecting them with
temporary construction fencing.
Excavation for infiltration practices should be limited to the width and depth specified in the
development plans. Excavated material should be placed away from the excavation so as not to
jeopardize the stability of the side walls.
The sides of all excavations should be trimmed of all large roots that will hamper the installation of
the permeable filter fabric used to line the sides and top of an infiltration trench.
The native soils along the bottom and sides of an infiltration practice should be scarified or tilled to a
depth of 3 to 4 inches before placing the choker stone and stone reservoir or engineered soil mix.

Maintenance
Maintenance is very important for infiltration practices, particularly in terms of ensuring that they
continue to provide measurable stormwater management benefits over time. Consequently, a legally
binding inspection and maintenance agreement and plan shall be created to help ensure that they are
properly maintained after construction is complete. Table 21 provides a list of the routine maintenance
activities typically associated with infiltration practices.
Table 21. Routine Maintenance Activities Typically Associated with Infiltration Practices3
Activity
Ensure that the contributing drainage area is stabilized before installing the
infiltration practice.
If applicable, water to promote plant growth and survival.
If applicable, inspect vegetative cover following rainfall events. Plant replacement
vegetation in any eroded areas.

Schedule
As Needed
(During Construction)

Inspect to ensure that the contributing drainage area and infiltration practices are
clear of sediment, trash, and debris. Remove any accumulated sediment and
debris.
Ensure that the contributing drainage area is stabilized. Plant replacement
vegetation as needed.

Monthly

Check observation well to ensure that infiltration practice is properly dewatering
after storm events.
Inspect pretreatment devices for sediment accumulation. Remove accumulated
sediment, trash, and debris.
In infiltration trenches, inspect the top layer of filter fabric and pea gravel or
landscaping for sediment accumulation. Remove and replace if clogged.
Inspect infiltration practice for damage, paying attention to inlets, outlets and
overflow spillways. Repair or replace any damaged components as needed.
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Table 21. Routine Maintenance Activities Typically Associated with Infiltration Practices3
Activity

Schedule

Inspect infiltration practice following rainfall events. Check the observation well to
ensure that complete drawdown has occurred within 72 hours after the end of a
rainfall event. Failure to draw down within this timeframe could indicate infiltration
practice failure.
Perform total rehabilitation of the infiltration practice, removing stone or planting
bed and excavating to expose clean soil on the sides and bottom of the practice.
3

Upon Failure

Source: Georgia Coastal Stormwater Supplement (CWP, 2009)
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Stormwater Reuse
Description/purpose
Stormwater reuse is the practice of intercepting, diverting and storing rainfall for later use. In a typical
stormwater reuse system, rainfall is collected from a gutter and downspout system, screened and
conveyed into an above- or below-ground storage tank or cistern. Once captured in the storage tank or
cistern, it can be used for non-potable indoor or outdoor uses. If properly designed, stormwater reuse
systems can significantly reduce post-construction stormwater runoff rates, volumes, and pollutant loads
on development sites.
Advantages/limitations
Advantages
 Stormwater reuse helps restore predevelopment hydrology on development sites and reduces
post-construction stormwater runoff rates, volumes, and pollutant loads.
 It reduces demand on public water supplies, which helps protect groundwater aquifers from
drawdown, and it can be used on nearly any development site.
Limitations
 Rain barrels, a common choice for stormwater reuse, have limited capacity and can be used only
on small drainage areas of 2,500 square feet or less.
 Whichever size storage tank is used, the stored rainwater should be used regularly to maintain
system storage capacity.
 Stormwater reuse requires the connection with an active water demanding system and may
require active management by the end user.
 In some jurisdictions building code enforcement officers may not be familiar with stormwater
reuse and codes may explicitly ban them.
Design criteria
Location and siting
Stormwater reuse systems can be used on a wide variety of development sites in rural, suburban, and
urban areas. They are especially well suited for use on commercial, institutional, municipal and
multifamily residential buildings on urban and suburban development and redevelopment sites. When
compared with other low impact development practices, stormwater reuse systems have a moderate
construction cost, a relatively high maintenance burden, yet require a relatively small amount of surface
area. Although they can be expensive to install, stormwater reuse systems are often a component of green
buildings, such as those that achieve certification in the Leadership in Energy and Environmental Design
Green Building Rating System.
 Stormwater reuse systems can be installed on nearly any development site. However, placing
stormwater reuse systems at higher elevations could reduce or eliminate pumping requirements.
 Rain barrels (e.g., small storage tanks capable of storing less than 100 gallons of stormwater
runoff) rarely provide enough storage capacity to accommodate the stormwater runoff volume
generated by the target water quality event. Consequently, they should not be used as part of a
stormwater reuse system, except on small drainage areas of 2,500 square feet or smaller.
General design
There are two basic types of stormwater reuse systems: (1) systems that are used to supply water for nonpotable outdoor uses, such as landscape irrigation, car and building washing and fire fighting; and
(2) systems that are used to supply water for non-potable indoor uses, such as laundry and toilet flushing.
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Stormwater reuse systems used to supply water for non-potable indoor uses are more complex and require
separate plumbing, pressure tanks, pumps and backflow preventers. Developers and their designers are
encouraged to consult with the Pulaski County reviewer if they are interested in using reused stormwater
for non-potable indoor uses.
Whether it is used to supply water for non-potable indoor or outdoor uses, a well-designed stormwater
reuse system typically consists of five major components, including the collection and conveyance system
(e.g., gutter and downspout system), pretreatment devices (e.g., leaf screens, first flush diverters, roof
washers), the storage tank or cistern, the overflow pipe (which allows excess stormwater runoff to bypass
the storage tank or cistern) and the distribution system (which could require a pump, depending on site
characteristics). When designing a stormwater reuse system, designers should consider each of these
components, as well as the size of the contributing drainage area, local rainfall patterns, and the projected
water demand to determine how large the cistern or storage tank must be to provide enough water for the
desired non-potable indoor or outdoor use.
Designers must also develop a stormwater reuse plan that describes the amount of stormwater the reuse
system is designed for, and the anticipated uses for that water.
Physical specifications/geometry
 Stormwater reuse systems should be designed to provide at least enough storage for the
stormwater runoff volume generated by the target water quality event (e.g., 90th percentile rainfall
event). The required size of a stormwater reuse system is governed by several factors, including
the size of the contributing drainage area, local rainfall patterns, and the projected demand for the
reused stormwater. Designers should calculate the projected water demand and then conduct
water balance calculations, according to the size of the contributing drainage area and local
precipitation data, to size a stormwater reuse system. A stormwater reuse model, such as the one
provided by North Carolina State University at http://www.bae.ncsu.edu/topic/waterharvesting,
can be used to design a stormwater reuse system, provided that the precipitation data being used
in the model reflects local rainfall patterns and distributions and has been approved by Pulaski
County before use.
 The storage tank is the most important and typically the most expensive component of a
stormwater reuse system. Storage tanks can be constructed from a variety of materials, including
wood, plastic, fiberglass, or galvanized metal. Site designers should choose an appropriate tank
for the intended application and should ensure that it has been sealed with a water safe, nontoxic
substance.
 All storage tanks should be opaque or otherwise protected from direct sunlight to inhibit algae
growth. They should also be screened to discourage mosquito breeding and reproduction but
should be accessible for cleaning, inspection and maintenance.
 Rooftop drainage systems (e.g., gutter and downspout systems) should be designed as they would
for a building designed without a stormwater reuse system. Drainage system components leading
to the cistern should have a minimum slope of 2 percent to ensure that reused stormwater is
actually conveyed into the storage tank.
Pretreatment/inlets
 Pretreatment is needed to remove debris, dust, leaves, and other material that accumulates on
rooftops because it can cause clogging within a stormwater reuse system. Pretreatment devices
such as leaf screens and roof washers (described below) can be used.
o Leaf Screens: Leaf screens are mesh screens installed either in the gutter or downspout
that are used to remove leaves and other large debris from rooftop runoff. Leaf screens
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o

must be regularly cleaned to be effective. If not regularly maintained, they can become
clogged and prevent rainwater from flowing into the storage tank.
Roof Washers: Roof washers are placed just ahead of storage tanks and are used to filter
small debris from the stormwater. Roof washers consist of a small tank, usually between
25 and 50 gallons in size, with leaf strainers and filters with openings as small as
30 microns (TWDB, 2005). The filter functions to remove very small particulate matter
from stormwater. All roof washers must be cleaned regularly. Without regular
maintenance, they can not only become clogged and prevent rainwater from entering the
storage tank, but can become breeding grounds for bacteria and other pathogens.

Outlet structures
Distribution systems may be gravity fed or can include a pump to provide the energy necessary to convey
reused stormwater from the storage tank to its final destination. Stormwater reuse systems used to provide
water for non-potable outdoor uses typically use gravity to feed watering hoses through a tap and spigot
arrangement.
Overflow
 An overflow pipe should be provided to allow stormwater runoff to bypass the storage tank or
cistern when it reaches its storage capacity. The overflow pipe should have a conveyance capacity
that is equal to or greater than that of the inflow pipe and should direct excess stormwater runoff
to another low impact development practice, such as a vegetated filter strip, grass channel, or rain
garden.
 All overflow pipes should be directed away from adjacent buildings to prevent damage to
building foundations.
Performance
 Where stormwater reuse is utilized as part of a Surface Loading Rate Plan the designer will
submit a complete design plan and documentation on the long-term predicted performance of the
reuse system on reducing stormwater flows to downstream.
 Stormwater reuse performance, in terms of WQv treated, varies depending on the type of practice
used and the storage capacity of the practice.
 The quality of reused stormwater will vary according to the material from which the rooftop is
constructed. Water collected from certain types of rooftops, such as asphalt shingle, tar and gravel
and treated wood shingle roofs, should be used for non-potable outdoor uses only, because such
materials can leach toxic compounds into stormwater runoff.
Maintenance
Maintenance is important for stormwater reuse systems, particularly in terms of ensuring that they
continue to provide measurable stormwater management benefits over time. Consequently, a legally
binding inspection and maintenance agreement and plan shall be put in place to ensure that stormwater
reuse systems are regularly maintained after occupancy. Table 23 provides a list of the routine
maintenance activities typically associated with stormwater reuse systems.
Table 23. Routine Maintenance Activities Typically Associated with Stormwater Reuse Systems2
Activity
 Verify that water is being utilized as designed and intended.
 Inspect storage tank screens and pretreatment devices. Clean as
needed.
 Inspect gutters and downspouts. Remove any accumulated leaves or
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Table 23. Routine Maintenance Activities Typically Associated with Stormwater Reuse Systems2
Activity
debris.

Schedule
(Semiannually During First Year)

 Clean storage tank screens.
 Inspect storage tank for algal blooms. Treat as necessary.
 Inspect overflow areas for erosion and the formation of rills and gullies.
Plant replacement vegetation in any eroded areas.
2

Source: Georgia Coastal Stormwater Supplement (CWP, 2009)
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Part 3: Surface Runoff Loading Rate Plan Documentation
The surface runoff loading rate plan documentation will include, at a minimum, the following:
Project narrative
A brief narrative of the project describing the nature of the project and detailing the stormwater
management system, including conveyance and treatment systems. The narrative should include a
description of the existing conditions of the site and proposed improvements.
Site plans
Completed, sealed final design plans for civil improvements within the proposed site. Plans should
include at a minimum:
Existing conditions:
 Map of existing land cover
 Existing site topography, including a map with 2 foot contour intervals, and designation of low,
high, and very high slope areas (as defined by the Ordinance) – see the Pulaski County Site
Evaluation Tool Manual and Documentation for further information and guidance
Proposed conditions:
 Proposed topography, reflecting any grading on the site (map with 2 foot contours)
 Map (or maps) showing each drainage area (unique areas draining to a specific structural BMP);
each drainage area must show all of the following:
o Impervious boundaries, for each type of impervious surface specified in the Pulaski
County Site Evaluation Tool Manual and Documentation
o Pervious land cover for each category specified in the Pulaski County Site Evaluation
Tool Manual and Documentation, including designation of low versus high slope (note
that post-developed slope assignment must be based on pre-developed topography). The
applicant may submit an alternative method for determining the appropriate slope class
which will be reviewed by Pulaski County on a case-by-case basis.
 A tabulation of all impervious and pervious land areas by drainage area – must match what is
entered into the submittal SET
 Proposed drainage system (materials, dimensions, elevations, etc.)
 Proposed structural BMPs
 Details (outlet details, cross-sections, profiles etc.)
Engineering calculations
Completed sealed stormwater calculations including existing hydrology, conveyance hydraulics, storm
routing, stage-storage relationships, stage-discharge relationships, WQv, etc.
SET output
The SET output is a screen print of the SET Model Output worksheet.
SET files
SET Excel file submitted to Pulaski County Planning and Development.
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Bill of assurance
A Bill of Assurance that meets the requirements of the Subdivision and Development Code as per Chapter
8.
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Part 4: Operation and Maintenance
4.1

Maintenance requirements

Section 8.7 of the Ordinance specifies how operation and maintenance of post-construction BMPs and
conditions should be considered during the plat and site plan application process. The Ordinance requires
that developers submit a stormwater management plan describing how post-construction BMPs will be
operated and maintained (BMP O&M Plan) and how vegetation will be managed in undisturbed areas
(Undisturbed Area Vegetation Management Plan). In addition, the Ordinance states that the Bill of
Assurance 3 must include provisions for maintenance of the applicable impervious limitations, undisturbed
area limitations, BMPs, or other limitations specified on the plat for achieving the applicable Surface
Runoff Loading Rates.
Development of a BMP O&M Plan
A BMP O&M Plan is a working document that will remain associated with the applicable BMPs for the
life of those BMPs. The BMP O&M Plan will be used to assist the owner of the BMP to adequately
operate and maintain the control; it must also be reviewed and updated as necessary and certified by a
registered professional engineer periodically to assure that the BMPs are operating in a manner to achieve
the Surface Runoff Loading Rates presumed by the project. If a variance has been granted for soil
disturbance on very high slopes, the BMP O&M Plan will also be reviewed, updated as necessary, and
certified by a registered professional engineer to assure that any very high slope BMPs that are retained
after construction are operating in a manner to achieve their desired functions. The certified results are
required to be submitted to the Pulaski County Planning and Development Department.
While the specifics of the BMP O&M Plan will vary depending on the types of BMPs included, a few
basic components should be included in all plans.
 Map that shows the location of the BMPs (latitude and longitude) as well as associated
stormwater conveyance system and receiving waters
 Street address of the property with the BMPs
 Name and contact information of the owner
 BMP design information (i.e., as-built plans)
 Considerations for the operation of the BMP
 Inspection frequency
 Maintenance requirements, both ongoing and periodic
Maintenance requirements shall be fairly specific and include necessary frequencies and time of year as
applicable (i.e., Pruning—Annually in the fall). The maintenance schedule will vary depending on the
BMP and the site conditions specific to the property. In general, however, maintenance requirements will
address vegetation management, embankment and outlet stabilization, debris and litter control,
maintenance or replacement of mechanical components, insect control, rodent control, maintenance of the
access route to the BMP, and sediment removal.
As the BMP ages, the BMP O&M Plan shall be updated with any new owners, maintenance records, and
operation and maintenance costs. In addition, inspection checklists should be maintained with the BMP

3

The Bill of Assurance is a private agreement attached to a plat that establishes property use and development
rules specific to the properties in the subdivision and that can be binding upon subsequent owners of the property.
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O&M Plan to track historical maintenance needs. This information can be requested by the registered
professional engineer during plan review, updates, and certification.
BMPs in the O&M Plan must be inspected at least annually, or on a frequency approved by the County.
See Part 4.2 of this Manual for copies of BMP maintenance checklists.
Undisturbed Area Vegetation Management Plan
Section 8.9 of the Ordinance specifies that Undisturbed Areas must be maintained in accordance with an
Undisturbed Area Vegetation Management Plan. Maintenance of the plan will typically involve
inspections of the undisturbed areas, as described in the plan. At a minimum, undisturbed areas should be
inspected annually, although quarterly or semiannual inspections are encouraged.
When conducting inspections, the inspector should
 Visually inspect all undisturbed areas indicated in the plan
 Note areas of bare/exposed soil or areas of erosion
 Note areas with unapproved thinning, brush removal, or fire management activities
 Note any unapproved uses of the undisturbed areas (e.g., ATV use)
 Identify areas with nonnative species
Inspections must be documented in writing, with inspection reports kept with the plan.
General maintenance of onsite conditions
Finally, Section 8.7 of the Ordinance requires that the Bill of Assurance include provisions for
maintenance of the applicable impervious limitations or other limitations specified on the plat for
achieving the applicable Surface Runoff Loading Rates.

4.2

BMP Maintenance Checklists

Appendix 2 includes a series of checklists of specific items that a BMP owner or county inspector can
look for to verify the need for maintenance. These checklists were originally developed by the Center for
Watershed Protection for EPA’s guide on Managing Stormwater in Your Community: A Guide for
Building an Effective Post-Construction Program (Hirschman and Kosco, 2008). The checklists are
available in an Excel spreadsheet format and can be customized to meet the needs of specific BMPs and
sites.
Checklists have been developed for the following types of BMPs:
 Stormwater ponds/wetlands
 Filtration/infiltration/bioretention practices
 Grass swales
Each checklist includes key questions and maintenance issues to be identified during the inspection. The
responsible maintenance entity (RME) inspector must identify whether the BMP is in compliance (check
“A” on the form), in need of routine maintenance (check “B”), or not in compliance and in need of
immediate repair (check “C”). Property owners must conduct the inspections at least annually, as
described in their BMP O&M Plan, and submit copies of the signed inspection form and any supporting
documentation to the Pulaski County Planning Department. Inspections must be completed by the
anniversary date of approval by the Planning Board.
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Reference
Hirschman, D.J., and J. Kosco. 2008. Managing Stormwater in Your Community: A Guide for Building an
Effective Post-Construction Program. EPA Publication No 833-R-08-001. Center for Watershed
Protection, Ellicott City, MD. Available online:
http://www.cwp.org/Resource_Library/Center_Docs/SW/pcguidance/Manual/PostConstructionM
anual.pdf.
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Appendix 1 – Pulaski County Subdivision and Development Code,
Chapter 8
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Chapter 8: Additional Requirements for Land Development Located in the Watershed of a
Public Water Supply
Section 8.1

Applicability

The provisions of this Chapter shall apply to land development located within the watershed of a
designated public water supply reservoir(s), in addition to all other applicable provisions of this
Ordinance. The County will, by Ordinance, identify the public water supply reservoir(s) in
Pulaski County to which Chapter 8 applies.
Section 8.2
A.

Wastewater Discharge

No Preliminary Plat or Site Plan shall be approved without a Wastewater Management
Plan which includes:
1.

Design plans for either a Force Line System or an On Site System for
management of wastewater that are certified by a registered professional engineer
and approved by the Engineering Section of the Arkansas Department of Health,
and in the event an RME has been designated, approved by the RME;

2.

A Wastewater System Maintenance Plan that is certified by a registered
professional engineer, and in the event an RME has been designated, approved by
the RME; Force Line Systems are the preferred method for managing wastewater.
On Site Systems may also be used. Surface discharges of wastewater, with the
exception of discharges permitted under the National Pollutant Discharge
Elimination System (NPDES) storm water discharge program, are prohibited.

B.

Force Line Systems and On Site Systems shall be designed and constructed to meet the
applicable requirements of the Rules and Regulations Pertaining to Wastewater Systems,
Arkansas Department of Health and the applicable regulations of the Arkansas
Commission on Pollution Control and Ecology.

C.

If the wastewater system is not constructed by the RME, the Bill of Assurance shall
include appropriate provisions to dedicate the wastewater system to the RME and/or to
assign the right to implement the Wastewater Maintenance Plan to the RME, such that if
an RME is designated to assume responsibility for wastewater system operation and/or
maintenance, the RME may do so and charge the Developer or POA or lot Owner a
reasonable fee.

Section 8.3

Stormwater Management

No Preliminary Plat or Site Plan shall be approved without a Stormwater Management
Plan which demonstrates that the Surface Runoff Loading Rates from the Development will
achieve the values specified in Table 1, below.
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Table 1. Applicable Surface Runoff Loading Rates from New Developments
Total Phosphorus
(pounds/acre/year)

Total Sediment
(tons/acre/year)

Total Organic Carbon
(pounds/acre/year)

0.30

0.110

44

Developments that are designed to achieve these Surface Runoff Loading Rates, according to the
Surface Runoff Loading Rate Plan certified by a registered professional engineer, shall be
deemed to comply with this section.
Section 8.4

Performance Standard Approach for Achieving Surface Runoff Loading Rates

The Performance Standards Approach manages stormwater runoff from new Development by
allowing engineered storm water Best Management Practices (hereinafter “BMPs”) to meet the
Surface Runoff Loading Rates.
A.

Structural BMPs and Compensatory Environmental Projects may be utilized as an
alternative to or in combination with the Conservation Design Approach to achieve the
applicable Surface Runoff Loading Rates. BMP design criteria and surface runoff
loading rates that can be expected to be achieved for specific BMPs will be specified in
the Stormwater Management and Drainage Manual to be adopted by the Pulaski County
Quorum Court by separate ordinance. The Surface Runoff Loading Rate Plan must
include documentation, and a certification from a registered professional engineer, that
the proposed BMPs will achieve the applicable Surface Runoff Loading Rates, when
constructed in accordance with the Stormwater Management and Drainage Manual.

B.

To the extent that the Stormwater Management and Drainage Manual does not address
the design and/or expected loading rate for the particular BMP or series of BMPs that are
proposed, the Surface Runoff Loading Rate Plan must document that the proposed BMPs,
when used in other watersheds, have demonstrated the ability to achieve the applicable
Surface Runoff Loading Rates. Online documents such as the Handbook for New
Development or Redevelopment at the California Stormwater Quality Association
(CASQA) website or relevant portions of the City of Knoxville’s Best Management
Practices (BMP) Manual – October 2007 may be used as an interim guideline design
document until a watershed specific manual can be developed. Expected loading rates
shall be based on performance analysis results from the International Stormwater BMP
Database using case study BMP influent and effluent concentration values that are
representative of the influent runoff concentrations expected for the proposed
development.

C.

When the Performance Standard Approach is proposed, a copy of the Surface Runoff
Loading Rate Plan and the BMP Maintenance Plan must be submitted with the
Preliminary Plat application. Preliminary Plat applications utilizing the Performance
Standard Approach shall be submitted to the Pulaski County Planning and Development
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Department no later than sixty (60) days prior to the meeting at which they will be heard
by the Board.
D.

At the request of the County, the Developer will be required to demonstrate the
performance capability of any particular BMP or BMP based design through a
monitoring plan implemented as part of the first phase of a development. The
monitoring plan must be designed by the Developer such that the results are reasonably
representative of BMP performance, and the monitoring is performed for a period of time
sufficient to capture representative storm events. Monitoring shall continue for a
minimum of (3) years unless the County has agreed that a shorter period of time is
adequate for the proposed development and proposed BMPs. The design of the
monitoring plan and the cost of the monitoring plan shall be shared by the County and the
Developer. In the event the County and the Developer are not able to agree on the terms
of a monitoring plan, the Planning and Development Department shall retain an
independent registered professional engineer to prepare and implement a monitoring
plan, and the cost shall be shared equally between the County and the Developer.

E.

If monitoring is required and initial development phase monitoring results show that
applicable Surface Runoff Loading Rates are not being met, the Developer shall be
required to mitigate the excess loading by implementation of one or more of the
following measures:

F.

1.

Rehabilitation or maintenance of the BMP or installation of additional BMPs
and/or additional monitoring to demonstrate compliance with the Surface Runoff
Loading Rates.

2.

Dedication of sufficient mitigation lands within the Development or in another
area of the watershed as Undisturbed Area to mitigate the excess loading. The
Pulaski County Planning Board may require, as a condition of plat approval, that
the Developer identify and preserve reasonably sufficient lands owned by the
Developer within the same watershed as the Development to enable the
Board to designate such lands for mitigation should that become necessary.

3.

Completion of a Compensatory Environmental Project on another property in the
same watershed as the Development to mitigate the excess loading.

If monitoring is required by the County in accordance with this Section 8.4, the County
may also require the Developer to post such bond, letter of credit, cash deposit, escrow or
other security as the County deems appropriate to assure the Developer can meet all of its
obligations under this Section 8.4, including specifically but not limited to Section 8.4E.
In the event the County requires such surety, in any form, the surety shall satisfy all of
the requirements of Section 3.10 except as varied by the Pulaski County Planning Board
to meet the unique requirements of this Section 8.4. Section 3.10B.2 shall be
inapplicable to any surety posted pursuant to this Section, and such surety if required,
shall be maintained for a minimum period of three (3) years following
commencement of the monitoring plan implemented pursuant to this Section 8.4.
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G.

The Bill of Assurance shall include an appropriate assignment of the right to implement
the BMP O&M Plan to the County, to assure that if the BMP O&M Plan is not properly
implemented, the County, or its authorized representative, may do so and the County, or
its authorized representative, may obtain reimbursement for all costs incurred from the
responsible party (i.e. the Developer, the POA or the lot Owner, or other party designated
in the Bill of Assurance.)

Section 8.5

Conservation Design Approach for Achieving Surface Runoff Loading Rates

A.

The Conservation Design Approach manages stormwater runoff from new development
by designing the Development in such a manner that the Surface Runoff Loading Rates
will be achieved. The professional engineer’s certification that the proposed
Development design will achieve the Surface Runoff Loading Rates must be consistent
with the Surface Runoff Loading Rates derived from the Site Evaluation Tool, after the
Site Evaluation Tool is adopted by Pulaski County by Ordinance.

B.

Until such time as the Site Evaluation Tool is adopted by Pulaski County by Ordinance,
the professional engineer’s certification that the proposed development design will
achieve the Surface Runoff Loading Rates may be based on a design that meets the
criteria outlined in the following Table 2 and Table 3:
Table 2. New Residential Subdivision Development
Parcel
Slopes
All

Parking
and
Undisturbed Area
Driveway (Minimum)
Surfaces
Paved
30%

Impervious
Surfaces
(Maximum)
10%

Table 3. Commercial and Non Residential Subdivision Development

Parcel
Slope

Low
High
C.

Parking
and
Driveway
Surfaces
Paved
Paved

Undisturbed
Area
to Impervious
Area Ratio
7.9:1
9.7:1

Low Slope and High Slope areas and Undisturbed Areas shall be identified as such on the
plat or Site Plan. The plat or Site Plan and the Bill of Assurance shall include notations
on each lot which identify the restriction on driveway and parking surfaces, the limitation
on the undisturbed area, and the limitation on impervious areas that will apply during
build out and occupation of the lot. The Bill of Assurance shall include an appropriate
assignment of the right to enforce the restrictions on driveway and parking surfaces, and
limitations on undisturbed area and impervious areas contained therein to the County, or
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its authorized representative, and the County, or its authorized representative, must take
action pursuant to this paragraph, the County or its authorized representative may obtain
reimbursement for all costs incurred from the responsible party (i.e. the Developer, the
POA or the lot Owner, or other party designated in the Bill of Assurance).
D.

A site design may provide for an increase in the amount of impervious area on the site by
collecting, capturing and managing the runoff on site. The increase in the amount of
impervious area shall be proportional to the amount of runoff that is managed such that it
does not become runoff to the watershed of a designated public water supply reservoir.
For purposes of calculating the percentage of impervious surface in Table 2 and the ratios
in Table 3, the portion or proportion of impervious areas for which surface water is
captured and managed on site shall not be included.

Section 8.6

Stormwater Management and Drainage Manual

A.

The Pulaski County Planning Board shall, within three (3) months of the adoption of this
code, engage the services of a professional consultant to develop a Stormwater
Management and Drainage Manual which includes a Site Evaluation Tool.

B.

The Pulaski County Quorum Court shall, within twelve (12) months of the adoption of
this code, adopt by separate ordinance, a Stormwater Management and Drainage
Manual which includes a Site Evaluation Tool.

Section 8.7
A.

B.

Additional Plat and Site Plan Application Requirements

The following documents shall be submitted with the Preliminary Plat or Site Plan:
1.

A copy of the National Pollutant Discharge Elimination System (NPDES) storm
water discharge program permit for construction activity, and a copy of the
Construction Activity Pollution Prevention Plan prepared pursuant to that permit.

2.

Wastewater Management Plan.

3.

A Stormwater Management Plan, which includes:
i.

Surface Runoff Loading Rate Plan;

ii.

An Undisturbed Area Vegetation Management Plan;

iii.

If BMPs are proposed, a BMP O&M Plan.

The Bill of Assurance shall include terms which provide for the provision of and
responsibility for following:

183

1.

Operation and maintenance of the wastewater treatment system, if the system or
any part thereof is to be operated or maintained by the Developer, the POA or the
lot Owner.

2.

Management of stormwater during construction in accordance with a
Construction Activity Pollution Prevention Plan that complies with this
Ordinance.

3.

Maintenance of the applicable impervious limitations, undisturbed area
limitations or other limitations specified on the plat for achieving the applicable
Surface Runoff Loading Rates.

4.

Maintenance of the Undisturbed Area in accordance with a plan that complies
with this Ordinance.

5.

Maintenance of BMPs in accordance with a plan that complies with this
Ordinance.

6.

At least once per year during build out of the development, and each five (5) years
thereafter, the Wastewater Management Plan, the Construction Activity Pollution
Prevention Plan, and the Undisturbed Area Vegetation Management Plan will be
reviewed, updated as necessary, and certified by a registered professional
engineer, to assure that those systems continue to achieve the desired functions.
If the Performance Standard Approach is utilized, the BMP O&M Plan will also
be reviewed, updated as necessary, and certified by a registered professional
engineer, to assure that the BMPs are operating in a manner to achieve the
Surface Runoff Loading Rates. If a variance has been granted for soil disturbance
on very high slopes, the BMP O&M Plan will also be reviewed, updated as
necessary, and certified by a registered professional engineer, to assure that any
very high slope BMPs that are retained after construction are operating in a
manner to achieve their desired functions. Said certified results shall be
submitted to the Pulaski County Planning and Development Department.

7.

An initial term of not less than fifty (50) years and it shall automatically renew in
successive ten (10) year periods unless such Bill of Assurance is terminated in
accordance with its terms; provided, however, it being agreed that no Bill of
Assurance governed by this Chapter 8 of the code shall terminate without the
consent of the Pulaski County Planning Board.

Section 8.8

Stormwater Management During Construction

In addition to the requirements of the NPDES stormwater construction permit, the Construction
Activity Pollution Prevention Plan shall include the following sediment and erosion control
measures:
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A.

Limiting land disturbing activity on the site to the extent practical and consistent with the
development activities planned;

B.

Re-vegetating of areas disturbed by grading;

C.

Retaining all sediment within the boundaries of the tract to the extent practical;

D.

Re-establishing ground cover to restrain erosion following the construction or
development phase;

E.

Establishing stream side buffers and/or or enhanced management controls within
streamside buffer areas;

F.

Avoiding the channeling of runoff directly into a water body through the use of swales or
other systems to decrease the velocity of stormwater, increase infiltration, allow solids to
settle and remove pollutants;

G.

Limiting alteration of natural watercourses such as straightening, widening, or dredging;

H.

Periodic inspections and continued maintenance.

Section 8.9

Undisturbed Area

A.

Undisturbed Areas must be maintained in a vegetated condition in accordance with an
Undisturbed Area Vegetation Management Plan.

B.

An area proposed as Undisturbed Area that was disturbed prior to development or that
will be disturbed for purposed of installing approved BMPs, wastewater lines and
facilities, utilities, or similar engineered items, may be designated as Undisturbed Area
provided it is re-vegetated in accordance with the Undisturbed Area Vegetation
Management Plan.

C.

The purpose of the Undisturbed Area Vegetation Management Plan is to provide
reasonable measures to preserve the water quality functions of the natural area. The
following management activities are allowed in areas designated as Undisturbed Area:
1.

Thinning and brush removal using equipment that does not compact the soil or
damage tree roots. For example, bulldozers should not be used, but handheld
equipment and small tractors equipped with a bush hog are appropriate;

2.

Fire management activities such as fire lines, thinning, an prescribed burning
conducted by forestry professional according to Arkansas Forestry Commission
guidelines are appropriate;
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3.

Establishment of native understory grasses and other herbaceous species are
appropriate;

4.

Planting of annual rye grass where bare soil is exposed is appropriate, so long as it
is a component of a permanent restoration plan that includes native vegetation.

5.

Installation of drip lines for wastewater treated effluent discharge using
equipment that does not compact the soil or damage tree roots. For example,
bulldozers should not be used but handheld equipment and small tractors
equipped with a bush hog are appropriate;

6.

Uses of Undisturbed Area that are consistent with maintaining the water quality
functions of the area, such as hiking or walking trails, fishing, birding, hunting (as
posted), and education are allowed.

Section 8.10

Very High Slopes

A.

Roads, utilities and other development infrastructure should not be constructed on
Very High Slopes, except when necessary, such as when a crossing of Very High
Slope land is required.

B.

Except as required under subsection A. above, development is prohibited on
slopes with a slope gradient of twenty-five (25) percent or more, provided that a
variance may be granted by Pulaski County Planning Board if the following
conditions are met:
1.

The soil disturbance in areas with slopes equal to or greater than 25
percent (25 %) shall not exceed fifteen percent (15%) of area of the
development equal to or greater than 25 percent (25 %) slope.

2.

A slope stability analysis by a registered professional engineer is
completed for the proposed development features located on very steep
slopes, and the analysis demonstrates that the proposed development
activities are compatible with the slope stability.

3.

The soil disturbance shall be conducted in a manner that minimizes loss of
existing vegetation.

4.

The angle for graded slopes and fills shall be no greater than the angle
which can be retained by vegetative cover or other erosion control devices
or structures.
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5.

A Very High Slope BMP Plan shall be prepared and included as part of
the Construction Activity Pollution Prevention Plan. The Very High
Slope BMP Plan shall contain appropriate sedimentation and erosion
control measures designed for the particular slope and soils at the site, and
must demonstrate that sediment will be appropriately collected and
retained on site through the use of redundant and conservatively designed
and well maintained controls.
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Appendix 2 – BMP Maintenance Checklists
The following BMP maintenance checklists are included:
• Stormwater ponds/wetlands
• Filtration/infiltration/bioretention practices
• Grass swales

June 2010
Appendix 2

188

Facility ID: ______________________________

RME Inspector (Name):

Location: _______________________________

RME Inspector (Signature):

GPS Coordinates: _______________________
Date: ____________________________

County Inspector (Name):
County Inspector (Signature):

Time: ___________________________

Stormwater Pond/Wetland - Maintenance Inspection Checklist
Party Responsible for Maintenance:
Contact:
Phone Number:
E-mail:
Mailing Address:
Key Questions
Item
X
Comments
1. Type of stormwater pond or wetland (check all that apply)
a. Permanent pool sized for full WQv
OR
Shallow wetland sized for full WQv
OR
Micropool
b. Extended detention
c. Ties into groundwater
d. Pond with some wetland plantings
e. Multiple pond system
2. Type of wetland
a. Emergent
b. Forested
3. Type of pretreatment facility
a. Sediment forebay
b. Grass filter strip
c. Other
Type of pretreatment facility:
A. Contributing Drainage Area
A = Good condition. Well maintained, no action required.
B = Moderate condition. Routine maintenance needed.
C = Not in compliance. Immediate need for repair or replacement.

Inspected
Not Inspected
Item
1. Excessive trash/debris

A B C N/A

2. Bare/exposed soil

A B C N/A

3. Evidence of erosion

A B C N/A

4. Excessive landscape waste/yard clippings

A B C N/A

Comments

B. Pretreatment
A = Good condition. Well maintained, no action required.
B = Moderate condition. Routine maintenance needed.
C = Not in compliance. Immediate need for repair or replacement.

Inspected
Not Inspected

Pond-Wetland Inspection Checklist

1

Item
1. Maintenance access to pretreatment facility A B C N/A

Comments

2. Excessive trash/debris accumulation

A B C N/A

3. Excessive sediment accumulation

A B C N/A Sediment marker reading:

4. Evidence of clogging

A B C N/A

5. Dead vegetation/exposed soil

A B C N/A

6. Evidence of erosion

A B C N/A

C. Inlets
A = Good condition. Well maintained, no action required.
B = Moderate condition. Routine maintenance needed.
C = Not in compliance. Immediate need for repair or replacement.

Inspected
Not Inspected
Item
1. Inlets provide stable conveyance into facility A B C N/A
2. Excessive trash/debris/sediment
accumulation at inlet
3. Evidence of erosion at/around inlet

Comments

A B C N/A
A B C N/A

D. Facility
A = Good condition. Well maintained, no action required.
B = Moderate condition. Routine maintenance needed.
C = Not in compliance. Immediate need for repair or replacement.

Inspected
Not Inspected
Item
1. Maintenance access to facility

A B C N/A

2. Sediment accumulation

A B C N/A

a. Bathymetric study recommended
3. Abnormally high or low water levels

A B C N/A
A B C N/A Cause:

4. Evidence of pollution/hotspot runoff

A B C N/A Cause:

5. Berm(s)/embankment(s)

A B C N/A

Comments

a. Cracking, bulging or sloughing

A B C N/A

b. Soft spots or sinkholes

A B C N/A

c. Evidence of erosion

A B C N/A

d. Evidence of animal burrows

A B C N/A

e. Presence of woody vegetation

A B C N/A

6. Riser/outlet

A B C N/A Type of riser:

a. Maintenance access to riser

A B C N/A

b. Structural condition of riser

A B C N/A

c. Condition of joints

A B C N/A

d. Trash/debris accumulation

A B C N/A

Pond-Wetland Inspection Checklist

2

7. Low flow orifice
a. Trash/debris accumulation

A B C N/A
A B C N/A

b. Adjustable control valve accessible and A B C N/A
operational
8. Pond drain (underdrain) system
A B C N/A
a. Broken
b. Clogged
c. Adjustable control valve accessible and
operational
9. Vegetation

A B C N/A
A B C N/A
A B C N/A

a. Plant composition consistent with
approved plans
b. Presence of invasive species/weeds

A B C N/A
A B C N/A

c. Dead vegetation/exposed soil

A B C N/A

d. Reinforcement planting recommended

A B C N/A

A B C N/A

E. Outlets
A = Good condition. Well maintained, no action required.
B = Moderate condition. Routine maintenance needed.
C = Not in compliance. Immediate need for repair or replacement.

Inspected
Not Inspected
Item
1. Outlets provide stable conveyance out of
facility
2. Excessive trash/debris/sediment
accumulation at outlet
3. Evidence of erosion at/around outlet

Comments
A B C N/A
A B C N/A
A B C N/A

F. Miscellaneous
A = Good condition. Well maintained, no action required.
B = Moderate condition. Routine maintenance needed.
C = Not in compliance. Immediate need for repair or replacement.

Inspected
Not Inspected
Item
1. Complaints from local residents

A B C N/A

2. Mosquito proliferation

A B C N/A

3. Encroachment on facility or easement by
buildings or other structures
4. Adequate safety signage

A B C N/A

Pond-Wetland Inspection Checklist

Comments

A B C N/A

3

Inspector's Summary:

Photographs
Photo ID

Description

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
Sketch of Facility
(note problem areas)

Pond-Wetland Inspection Checklist

4

Facility ID: ______________________________

RME Inspector (Name):

Location: _______________________________

RME Inspector (Signature):

GPS Coordinates: _______________________
Date: ____________________________

County Inspector (Name):
County Inspector (Signature):

Time: ___________________________

Infiltration/Filtration/Bioretention Practice - Maintenance Inspection Checklist
Party Responsible for Maintenance:
Contact:
Phone Number:
E-mail:
Mailing Address:
Key Questions
Item
1. Type of facility (check all that apply)
a. Infiltration
b. Filtration
c. Bioretention
d. Extended detention (storage for Cpv,
Qp, Qf)
2. Facility location
a. Surface
b. Underground
3. Filtration Media
a. No filtration media (e.g. dry well)
b. Sand
c. Bioretention soil
d. Peat
e. Other
4. Hydraulic configuration
a. On-line facility
b. Off-line facility
5. Type of pretreatment facility
a. Sediment forebay (above ground)
b. Sedimentation chamber
c. Grass channel
d. Grass filter strip
e. Plunge pool
f. Stone diaphragm
g. Other

X

Comments

Type of pretreatment facility:

A. Contributing Drainage Area
A = Good condition. Well maintained, no action required.
B = Moderate condition. Routine maintenance needed.
C = Not in compliance. Immediate need for repair or replacement.

Inspected
Not Inspected

Infil-Filt-Bioret Inspection Checklist
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1.

Item
Excessive trash/debris

A B C N/A

2.

Bare/exposed soil

A B C N/A

3.

Evidence of erosion

A B C N/A

4.

Excessive landscape waste/yard clippings

A B C N/A

Comments

B. Pretreatment
A = Good condition. Well maintained, no action required.
B = Moderate condition. Routine maintenance needed.
C = Not in compliance. Immediate need for repair or replacement.

Inspected
Not Inspected
Item
1. Maintenance access to pretreatment facility A B C N/A
2. Excessive trash/debris/sediment

A B C N/A

3. Evidence of standing water
a. Ponding
b. Noticeable odors
c. Water stains
d. Presence of algae or floating aquatic
vegetation
4. Evidence of clogging

A
A
A
A
A

5. Dead vegetation/exposed soil

A B C N/A

6. Evidence of erosion

A B C N/A

B
B
B
B
B

C
C
C
C
C

Comments

N/A
N/A
N/A
N/A
N/A

A B C N/A

C. Inlets
A = Good condition. Well maintained, no action required.
B = Moderate condition. Routine maintenance needed.
C = Not in compliance. Immediate need for repair or replacement.

Inspected
Not Inspected
Item
1. Inlets provide stable conveyance into facility A B C N/A
2. Excessive trash/debris/sediment
accumulation at inlet
3. Evidence of erosion at/around inlet

Comments

A B C N/A
A B C N/A

D. Facility
A = Good condition. Well maintained, no action required.
B = Moderate condition. Routine maintenance needed.
C = Not in compliance. Immediate need for repair or replacement.

Inspected
Not Inspected

Infil-Filt-Bioret Inspection Checklist
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Item
1. Maintenance access to facility

A B C N/A

2. Condition of structural components

A B C N/A

3. Condition of hydraulic control components

A B C N/A

4. Excessive trash/debris/sediment

A B C N/A

5. Evidence of erosion

A B C N/A

6. Evidence of oil/chemical accumulation

A B C N/A

7. Evidence of standing water:
a. Ponding
b. Noticeable odors
c. Water stains
d. Presence of algae or floating aquatic
vegetation
8. Underdrain system (if equipped)

A
A
A
A
A

a. Broken
b. Clogged
9. Vegetation

A B C N/A
A B C N/A
A B C N/A

Comments

B
B
B
B
B

C
C
C
C
C

N/A
N/A
N/A
N/A
N/A

A B C N/A

a. Plant composition consistent with
approved plans
b. Presence of invasive species/weeds

A B C N/A
A B C N/A

c. Dead vegetation/exposed soil

A B C N/A

E. Outlets
A = Good condition. Well maintained, no action required.
B = Moderate condition. Routine maintenance needed.
C = Not in compliance. Immediate need for repair or replacement.

Inspected
Not Inspected
Item
1. Outlets provide stable conveyance out of
facility
2. Excessive trash/debris/sediment
accumulation at inlet
3. Evidence of erosion at/around inlet

Comments
A B C N/A
A B C N/A
A B C N/A

F. Miscellaneous
A = Good condition. Well maintained, no action required.
B = Moderate condition. Routine maintenance needed.
C = Not in compliance. Immediate need for repair or replacement.

Inspected
Not Inspected
Item
1. Complaints from local residents

A B C N/A

2. Mosquito proliferation

A B C N/A

3. Encroachment on facility or easement by
buildings or other structures

A B C N/A

Infil-Filt-Bioret Inspection Checklist
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Inspector's Summary:

Photographs
Photo ID

Description

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
Sketch of Facility
(note problem areas)

Infil-Filt-Bioret Inspection Checklist
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Facility ID: ______________________________

RME Inspector (Name):

Location: _______________________________

RME Inspector (Signature):

GPS Coordinates: _______________________
Date: ____________________________

County Inspector (Name):
County Inspector (Signature):

Time: ___________________________

Grass Swale - Maintenance Inspection Checklist
Party Responsible for Maintenance:
Contact:
Phone Number:
Email:
Mailing Address:
A. Contributing Drainage Area
A = Good condition. Well maintained, no action required.
B = Moderate condition. Routine maintenance needed.
C = Not in compliance. Immediate need for repair or replacement.

Inspected
Not Inspected
Item
1. Excessive trash/debris

A B C N/A

2. Bare/exposed soil

A B C N/A

3. Evidence of erosion

A B C N/A

4. Excessive landscape waste/yard clippings

A B C N/A

5. Impervious area added

A B C N/A

Comments

B. Inflow Points
A = Good condition. Well maintained, no action required.
B = Moderate condition. Routine maintenance needed.
C = Not in compliance. Immediate need for repair or replacement.

Inspected
Not Inspected
Item
1. Inflow points (e.g. downspouts, curb cuts,
edge of pavement) provide stable
conveyance into the channel
2. Excessive trash/debris/sediment
accumulation at inflow points
3. Evidence of erosion at/around inflow points

Comments
A B C N/A

A B C N/A
A B C N/A

C. Facility (Grass Swale)
A = Good condition. Well maintained, no action required.
B = Moderate condition. Routine maintenance needed.
C = Not in compliance. Immediate need for repair or replacement.

Inspected
Not Inspected

Grass Swale Inspection Checklist
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Item
1. Swale remains vegetated; no concrete, riprap, or other lining has been added
2. Grade ensures positive flow

Comments
A B C N/A
A B C N/A

3. Evidence of erosion

A B C N/A

4. Sediment accumulation

A B C N/A

5. Excessive trash/debris accumulation

A B C N/A

6. Evidence of oil/chemical accumulation

A B C N/A

7. Vegetation condition

A B C N/A

D. Miscellaneous
A = Good condition. Well maintained, no action required.
B = Moderate condition. Routine maintenance needed.
C = Not in compliance. Immediate need for repair or replacement.

Inspected
Not Inspected
Item
1. Complaints from local residents

A B C N/A

2. Mosquito breeding

A B C N/A

3. Encroachments (e.g. filling, fences,
obstructions, etc.)

A B C N/A

Comments

Inspector's Summary:

Grass Swale Inspection Checklist
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Photographs
Photo ID

Description

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
Sketch of Facility
(note problem areas)
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