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Executive Summary
Purpose
The Watertown Post-Construction Stormwater Best Management Practices Manual (Manual)
details the requirements of the City of Watertown’s Post-Construction Storm Water
Management in New Development and Redevelopment Program (Program) and provides
the resources necessary to meet these requirements. The expected audience for this
document is new or redevelopment site owners and their consultants.

Overview
This document provides resources to develop a post-construction stormwater management
plan that incorporates best management practices (BMPs) appropriate for the City of
Watertown. The following areas are discussed:
Applicability. The applicability of requirements outlined in this Manual is discussed.
Storm drainage plans. Requirements for analyzing a storm drainage system and submitting
plans to the City are presented.
Storm sewers. General guidelines for storm sewers are presented.
Open channel flow/major drainage way. General guidelines for drainage ways are
presented.
Best management practices. A three-step process for identifying and implementing
post-construction BMPs is presented. The following structural BMPs are discussed:
•
•
•
•
•
•

Grass buffer
Grass swale
Porous landscape detention
Extended detention basin
Constructed wetlands basin
Retention pond

Maintenance plans. Guidelines for preparing a BMP maintenance plan and requirements
for maintenance agreements are presented.
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IX

Definitions
Bioengineered Channel - Utilize vegetative components and other natural materials in
combination with structural measures to stabilize existing channels in
existing urban areas and areas undergoing urbanization; natural-like
channels that are stable and resistant to erosion(UDFCD 2006).
Boatable Channel - Larger, natural, perennial waterways that are regularly used for boating
and, because of their size and capacity, are subject to more
comprehensive hydraulic analyses and considerations (UDFCD 2006).
Building – Any structure, either temporary or permanent, having walls and a roof,
designed for the shelter of any person, animal, or property, and
occupying more than 100 square feet of area (UDFCD 2006).
Channel – A natural or artificial watercourse with a definite bed and banks that conducts
continuously or periodically flowing water.
Channel with Manufactured Liners - Drainageway with artificial lining intended to protect
the channel banks and bottom from erosion at higher velocities. These
include gabions, interlocked concrete blocks, concrete revetment mats
formed by injecting concrete into double layer fabric forms, and various
types of synthetic fiber liners (UDFCD 2006).
Composite Channel - Drainage way with a distinct low-flow channel in the cross-section
that is vegetated with a mixture of wetland and riparian species (UDFCD
2006).
Concrete-Lined Channel - High velocity drainage way that is lined with concrete; not
recommended for use in urban areas (UDFCD 2006).
Detention – The temporary storage of storm runoff in a stormwater management practice
with the goals of controlling peak discharge rates and providing gravity
settling of pollutants.
Detention Basin – A structure designed for the purpose of temporary storage of stream
flow or surface runoff and gradual release of stored water at controlled
rates.
Erosion and Sediment Control – A measure that prevents erosion or prevents eroded
sediment from leaving the site.
Grading – Excavation or fill of material, including the resulting conditions thereof.
Grass-Lined Channel - Artificial channel with grass lining.; most frequently used and
desirable channel types providing channel storage, lower velocities, and
various multiple use benefits (UDFCD 2006).
Infiltration – The process of percolating stormwater into the subsoil.
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Maintenance Agreement – A legally recorded document that provides for long-term
maintenance of storm water management practices.
Major Drainage Way – A collection and conveyance channel that forms the cornerstone of
an urban storm runoff system; may include natural and artificial
channels, culverts, long underground conduits and outfalls, streets,
property line drainage easements, and other.
Municipal Separate Storm Sewer System (MS4) – A conveyance or system of conveyances
(including roads with drainage systems, municipal streets, catch
basins, curbs, gutters, ditches, man-made channels, or storm drains)
that discharges into waters of the State (as defined below), is designed
or used for collecting or conveying stormwater, which is not a
combined sewer, and which is not part of a Publicly Owned Treatment
Works (POTW) as defined under Federal Regulations at 40 CFR 122.2.
Natural Channel - Channel carved or shaped by nature before urbanization occurs;
generally have mild slopes and are reasonably stable (UDFCD 2006).
Owner – The legal or beneficial owner of land, including those holding the right to purchase
or lease the land, or any other person holding proprietary rights in the
land.
Pollutant – Anything which causes or contributes to pollution. Pollutants may include, but
are not limited to: paints, varnishes, and solvents; oil and other
automotive fluids; non-hazardous liquid and solid wastes and yard
wastes; refuse, rubbish, garbage, litter, or other discarded or
abandoned objects, and accumulations, so that same may cause or
contribute to pollution; floatables; pesticides, herbicides, and
fertilizers; hazardous substances and wastes; sewage, fecal coliform
and pathogens; dissolved and particulate metals; animal wastes;
wastes and residues that result from constructing a building or
structure; and noxious or offensive matter of any kind.
Pollution – Contaminants in the air, water, or soil that cause harm to human health or the
environment.
Riprap-Lined Channel - Drainage way lined with riprap; compromise between grass-lined
channels and concrete-lined channels; provides stability under erosive
conditions (UDFCD 2006).
Site – A parcel of land or a contiguous combination thereof, where grading work is
performed as a single unified operation.
Stable Channel - An alluvial channel in equilibrium with no significant change in channel
cross section with time (UDFCD 2006).
Steady Flow – Flow of water in which conditions at any point in a stream remain constant
with respect to time (UDFCD 2006).
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Stormwater – Any surface flow, runoff, and drainage consisting entirely of water from any
form of natural precipitation, and resulting from such precipitation.
Stormwater Management – The use of structural or non-structural practices that are
designed to reduce storm water runoff pollutant loads, discharge
volumes, and/or peak flow discharge rates.
Stormwater Runoff – The portion of rainfall that does not infiltrate into the ground, and is
drained into the stormwater drainage system or waters of the State.
Uniform Flow - The magnitude and direction of velocity in a stream are the same at all
locations along the stream at a given time. If a channel is uniform and
resistance and gravity forces are in exact balance, the water surface will be
parallel to the bottom of the channel for uniform flow (UDFCD 2006).
Unsteady Flow – Flow conditions (e.g., depth) vary with time (UDFCD 2006).
Varied Flow – The discharge, depth, or other characteristics of the flow change along the
course of the stream. For a steady flow condition, flow is termed rapidly
varied if these characteristics change over a short distance. If
characteristics change over a longer stretch of the channel for steady flow
conditions, flow is termed gradually varied (UDFCD 2006).
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1. Introduction
To meet the conditions of the City of Watertown’s National Pollutant Discharge Elimination
System (NPDES) Stormwater Phase II Permit, the City must, as stated in the South Dakota
Phase II Municipal Guidance Manual, “develop, implement, and enforce measures to address
stormwater runoff from new development and redevelopment projects that disturb at least 1
acre, including projects less than 1 acre that are part of a larger common plan of development
or sale, that discharge into the MS4 [municipal separate storm sewer systems].” The Phase II
Program is required by the Clean Water Act (Section 402, 33 U.S.C. Section 1342).
The standards described in this Post-Construction Stormwater Best Management Practices
Manual (Manual) address the requirements listed in the City of Watertown’s
Post-Construction Stormwater Management in New Development and Redevelopment
Program (Program). The Program must ensure that controls are in place that would prevent
or minimize water quality impacts. Strategies developed and implemented must include:
•

A combination of structural and non-structural BMPs [best management practices] that
is appropriate for the community.

•

Use of an ordinance or other regulatory mechanism to address post-construction runoff
from new development and redevelopment projects to the extent allowable under state
or local law.

•

Requirements to ensure adequate long-term operation and maintenance of BMPs.”

A variety of sources were used to prepare this Manual, including the City of Sioux Falls,
South Dakota Chapter 11 Drainage Improvements, The South Dakota Department of
Transportation Road Design Manual, Urban Drainage and Flood Control District (Denver,
Colorado) Design Criteria Manual, and Washtenaw County, Michigan’s Stormwater Rules.

1.1

Applicability

This Manual and its contents are applicable to all construction projects in the City of
Watertown. Regional drainage master plans completed for watersheds within and near the
City of Watertown must be consulted for additional water quantity requirements.
Water quality requirements outlined in this Manual are applicable to all sites that are greater
than 1 acre in size. In the absence of additional requirements from a drainage master plan,
water quantity detention requirements are applicable to those sites with greater than 1 acre of
new impervious area. Sites that are 2 acres or less in total area and have less than 1 acre of
new impervious surface will be considered to meet the water quality requirements outlined in
this Manual if the site is graded appropriately to drain to pervious areas on the site.
This Manual also is applicable to land development activities that are smaller than the
minimum applicability criteria set forth in the previous paragraph, but as part of a larger
common plan of development, fall within the requirements even if multiple, separate, and
distinct land development activities take place at different times or on different schedules.
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2. Storm Drainage Plans
2.1

General

The following criteria shall be utilized in the analysis of the drainage system.
1. Runoff analysis shall evaluate the change in runoff volume and flow when comparing
the pre-developed (or “historic”) condition to the post-developed condition.
The post-developed condition shall be based on proposed land use and shall take into
consideration all contributing runoff from areas outside the study areas.
The analysis of storm runoff from existing developed areas lying outside the study area
shall be based on present land use and topographic features.
The analysis of storm runoff from undeveloped areas lying outside the study area shall
be based on planned land use and existing topographic features.
Whenever the future land use of a specific undeveloped area cannot be accurately
predicted, the average runoff coefficient to be used in said area shall not be less than
0.50 for the Rational Method runoff coefficient or an approved equivalent value for any
other method.
The pre-developed (or “historic”) condition of a study area shall be described using an
average runoff coefficient not more than 0.30 for the Rational Method, or an approved
equivalent value for any other method.
2. The probable future flow pattern in undeveloped areas shall be based on existing
natural topographic features (existing slopes, drainage ways, etc.).
3. Average land slopes in both developed and undeveloped areas may be used in
computing runoff. However, for areas in which drainage patterns and slopes are
established, actual slopes and patterns shall be utilized.
4. Flows and velocities which may occur at a design point when the upstream area is fully
developed shall be considered. Drainage facilities shall be designed to assure flows and
velocities will not cause erosion damage.
5. The use of onsite detention, detention within the development, or detention in a
drainage basin of which the development is part may be required.
6. The changing of natural drainage way locations will not be approved unless such
change is shown to protect against unreasonable hazard and liability, substantiated by
thorough analysis.
7. The planning and design of drainage systems shall be such that problems are not
transferred from one location to another. Outfall points shall be designed in such a
manner that they will not create flooding hazards.
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8. Localized flooding information shall include the area inundated by the major storm
runoff.
9. Approval will not be made for any proposed building or construction of any type of
structure including retaining walls, fences, etc., or the placement of any type of fill
material, which will encroach on any utility or drainage easement or which will impair
surface or subsurface drainage from surrounding areas.

2.2

Design Storm Provisions

Urban areas generally have two separate and distinct drainage systems. One is the minor
system corresponding to the minor (or ordinary) storm recurring at regular intervals. The
other is the major system corresponding to the major (or extraordinary storm). Since the
effects and routing of storm water for the major storm may not be the same for the minor
storm, all storm drainage plans submitted for approval shall be submitted in detail
identifying the effects of both the minor storm and the major storm. Designs for water
quality control through stream bank stabilization require that more frequent storm events
must be addressed as well.

2.2.1

Minor Storm Provisions

The minor storm drainage system shall be designed to provide protection against regularly
recurring damage, to reduce street maintenance costs, to provide an orderly urban drainage
system, and to provide convenience to the urban residents. Storm sewer systems consisting
of underground piping, natural drainage ways, and other required appurtenances shall be
considered as part of the minor storm drainage system. The design storm return frequency
shall not be less than 5 years for the minor storm. The design standards for the minor storm
system are discussed in further detail in Section 3.

2.2.2

Major Storm Provisions

The major storm drainage system shall be designed to prevent major property damage or
loss of life. The effects of the major storm on the minor drainage system shall be noted. The
route of the major storm shall be noted to assure an outlet to a designated major drainage
way is available. The design storm return frequency shall not be less than 100 years for the
major storm. The design standards for the major storm system are discussed in further
detail in Section 3. The design standards related to detention of the major storm are
discussed in further detail in Section 5.

2.2.3

Water Quality Storm Provisions

The need for managing smaller storms is directly related to the effect of urbanization and the
accompanying increase in impervious area, which affects surface water quality in two
important ways. First, eroded soil and other pollutants that accumulate on impervious
surfaces, such as metals, fertilizers, pesticides, oils and grease, are flushed off by the early
stages of runoff, which then carries a shock loading of these pollutants into receiving
waterways. Second, as impervious surface area increases and opportunities for infiltration are
reduced, the frequency and duration of runoff events intensifies. As a result, streams adjust
their capacities to convey the increased flows, leading to channel and bank erosion and the
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destruction of aquatic habitat. To meet water quality requirements, the 2-year storm and the
water quality capture volume (WQCV) must be detained to meet design criteria. The design
standards related to water quality requirements are discussed in further detail in Section 5.

2.3

Design Storm Calculations

2.3.1

Introduction

Presented in this section are the criteria and methodology for determining storm runoff
volumes in the City of Watertown for the preparation of storm drainage studies, plans, and
facility design.

2.3.2

Design Rainfall

Rainfall depths and intensities to be used for the Watertown area are presented in Exhibit 1.
EXHIBIT 1

Watertown Rainfall Depths and Intensities
5 min

Time
Interval

in/hr

15 min
in

In/hr

in

30 min
in/hr

in

60 min
in/hr

in

2 hour
in/hr

In

24 hour
in/hr

in

2 year

4.78

0.40

2.86

0.72

2.06

1.03

1.47

1.47

0.79

1.58

0.10

2.40

5 year

6.04

0.50

3.94

0.99

2.81

1.41

1.93

1.93

1.03

2.06

0.14

3.36

10 year

6.94

0.58

4.67

1.17

3.32

1.66

2.25

2.25

1.20

2.40

0.16

3.84

25 year

8.22

0.69

5.68

1.42

4.04

2.02

2.69

2.69

1.44

2.88

0.19

4.56

50 year

9.22

0.77

6.45

1.61

4.59

2.30

3.04

3.04

1.62

3.24

0.21

5.04

100 year

10.21

0.85

7.22

1.81

5.15

2.58

3.38

3.38

1.80

3.60

0.24

5.76

in = inches
in/hr = inches per hour
min = minutes
Source: National Weather Bureau

2.3.3

Rational Method

The Rational Method of calculating storm water runoff is generally acceptable for highly
impervious sites less than 100 acres in size; however, it may not be considered an adequate
design tool for sizing large drainage systems. All composite runoff coefficients shall be
based on the values shown in Exhibit 2. The slopes listed for the semipervious surfaces are
the proposed finished slope of the tributary area.

2.3.4

Other Hydrologic Methods

More precise methodologies for predicting runoff such as runoff hydrographs are widely
available, and may be required by the City Engineer for sizing the drainage systems on large
sites and/or smaller sites that are deemed potentially problematic. Acceptable alternative
methods may include use of the following programs:
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•

U.S. Army Corps of Engineers (USACE) HEC-HMS (Hydrologic Modeling System) and
HEC-1

•

Natural Resources Conservation Service (NRCS) TR-20 and TR-55

•

U.S. Environmental Protection Agency’s (USEPA’s) Storm Water Management Model
(SWMM)

•

Others as approved by the City Engineer
Unless a continuous simulation approach to drainage system hydrology is used, all
design rainfall events will be based on the Soil Conservation Service (SCS, now called
NRCS) Type II distribution. Computations of runoff hydrographs that do not rely on a
continuous accounting of antecedent moisture conditions will assume a conservative wet
antecedent moisture condition.
EXHIBIT 2

Runoff Coefficients for Rational Method
Type of Surface

Runoff Coefficient (C)a

Rural Areas
Concrete or asphalt pavement

0.8 – 0.9

Gravel roadways or shoulders

0.4 – 0.6

Bare earth

0.2 – 0.9

Steep grassed areas (2:1)

0.5 – 0.7

Turf meadows

0.1 – 0.4

Forested areas

0.1 – 0.3

Cultivated fields

0.2 – 0.4

Urban Areas
Flat residential, with about 30 percent of area impervious

0.4

Flat residential, with about 60 percent of area impervious

0.55

Moderately steep residential, with about 50 percent of area
impervious

0.65

Moderately steep built-up area, with about 70 percent of area
impervious

0.8

Flat commercial, with about 90 percent of area impervious

0.8

a

For flat slopes or permeable soil, use the lower values. For steep slopes or impermeable soil, use the
higher value.
Source: South Dakota Department of Transportation Road Design Manual, Chapter 11

2.3.5

NRCS (SCS) Curve Number Method

The NRCS (SCS) Curve Number Method is recommended for drainage systems draining
areas greater than 100 acres. The US Department of Agriculture Natural Resources
Conservation Service Technical Release 55 “Urban Hydrology for Small Watersheds” dated
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June 1986 provides detailed guidance on SCS Curve Number Method calculations and
should be used as a reference when performing such calculations.

2.4

Preliminary Drainage Plan

1. The developer shall submit a drainage plan for the drainage basin(s) of which the
development is included as part of parcel development discussions with the City. Scale
shall be appropriate to adequately display information on plans with additional sheets
to show the entire development if necessary. An overall plan at a larger scale shall also
be included if necessary to show the entire development on a single sheet.
2. The following information shall be included in the submittal:
a. A drainage route map will be required. This map shall minimally show:
i.

how the drainage from the proposed development will be transmitted to the
nearest major drainage way,

ii.

any existing structure(s) that may limit the flow en route to the major drainage
way,

iii.

the drainage area upstream of the proposed development,

iv.

the estimate of flow and volume under current conditions presently draining
onto and through the development, and

v.

the estimate of flow and volume under proposed conditions draining onto and
through the development.

b. Identification of existing stormwater management needs and drainage problems
upstream and downstream of the development with proposed solutions.
c. Identification of stormwater management needs and solutions within the
development, as well as upstream and downstream of the development, to mitigate
drainage impacts attributable to the proposed development.
d. Identification of downstream and upstream regional stormwater facilities if
applicable.
e. General locations and size of inventoried and potential wetlands shall be identified.
f.

Any and all existing 100-year floodplains must be identified, as shown by Federal
Emergency Management Agency (FEMA) maps. FEMA maps may be obtained from
the FEMA Map Service Center, available online at: http://msc.fema.gov.

g. Existing contours at contour intervals sufficient to determine the character and
topography of the land, but in no case shall the contour intervals be more than one
foot for land with a slope of one (1) percent or less, two feet for a slope between one
and ten (10) percent, and five feet for land with a slope exceeding ten percent..
h. Location and size of existing open channels, bridges, culverts, storm sewers, and
ponding areas within the development.

MKE/062570003
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i.

Location of streets.

j.

Identification of all drainage basins tributary to the development.

k. Drainage patterns within the proposed development.
l.

2.5

Provide adequate information as to the effect of the drainage pattern on adjacent
property. Provide survey data as required for adequate information. Identify the
stormwater path to the major drainage way.

Final Drainage Plan

1. The Final Drainage Plan shall be a detailed plan of the proposed development phase. It
shall include detailed data for all runoff within the proposed development phase, and
detailed data for the design of all drainage structures within the development phase.
This plan shall be submitted prior to receiving a building permit from the City.
2. Drawings and data (actual calculations are required with submittal) comprising the
Final Drainage Plan shall include but not be limited to the following information. Scale
shall be appropriate to adequately display information on plans with additional sheets
to show the entire development if necessary. An overall plan at a larger scale shall also
be included if necessary to show the entire development on a single sheet.
a. Proposed contours at contour intervals sufficient to determine the character and
topography of the land, but in no case shall the contour intervals be more than one
foot for land with a slope of one (1) percent or less, two feet for a slope between one
and ten (10) percent, and five feet for land with a slope exceeding ten percent.
b. Arrows indicating flow directions for individual lots and drainage paths for minor
and major storm events.
c. Location and elevations of bench marks.
d. Property lines.
e. Recommended building pad elevations
f.

Streets, names, and grades.

g. Existing drainage facilities and structures, including existing roadside ditches,
drainage ways, gutter flow directions, culverts, etc. All pertinent information such
as size, shape, slope, location, etc., also shall be included to facilitate review and
approval of drainage plans. Flow areas will be delineated.
h. Proposed storm sewers and open drainage ways, easement and right-of-way
requirements, including proposed inlets, manholes, and culverts. Specific notes and
design details concerning erosion control and energy dissipation, including but not
limited to flow volume, discharge rate, velocity, and shear stress, shall be provided.
i.

8

Proposed outfall point for runoff from the development phase.
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j.

Routing and accumulative flows at various critical points for the minor and major
storm runoff.

k. Streets in which 100-year storm flow is conveyed should be noted.
l.

The 100-year flood level in all streets in which the curb is overtopped during the
100-year storm for sump condition or other critical points.

m. The 100-year flood elevations for major and lateral drainage ways.
n. Inlet flow data.
o. Pipe flow data.
p. All floodplains, identified by FEMA maps, within the proposed development phase.
q. Location and size of inventoried and potential wetlands.
r. Hydrological data for each drainage area, including the following:
i.

Areas

ii.

Runoff coefficients

iii.

Projected land uses and existing physical features of areas contributing runoff

iv.

Runoff (Q) (Note: This list of criteria assumes use of the Rational Method
formula. If a different method is used, all relevant factors are to be
enumerated.)

v.

Major drainage ways, as follows:

vi.

Alignments

vii. Profiles including existing and proposed
viii. “n” values (Manning)
ix.

Velocities

x.

Soils analysis with a discussion of the proposed channel erosion potential

xi.

Froude number

s. Design recommendations, including the following:
i.

Dikes

ii.

Filling low areas

iii. Provision of easements
iv. Recommendations against building in certain areas
v.

Provisions for onsite retention and detention

vi. Other as appropriate for conditions

MKE/062570003
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2.6

Existing Floodplain Map—Revisions

All submittals for floodplain revision must be reviewed and approved by FEMA or its
authorized agent. The City will not take responsibility for time, scheduling, or cost involved
in floodplain map revisions or letters of map amendments.
The developer is responsible for submitting all information to FEMA. Copies of all
information sent to and correspondence with FEMA also must be sent to the City.

2.7

Review by Other Agencies

All open channel construction and existing drainage way modifications will be reviewed by
the City. The developer must separately submit the plan for review by other applicable
county, state, or federal agencies.

10
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3. Storm Sewers
3.1

Design Flow Methods

For areas smaller than 100 acres, the Rational Method formula is acceptable to compute
runoff. For areas larger than 100 acres, the SCS Method or other acceptable computer
applications shall be used. (Refer to Section 2.3.4 for additional detail.)

3.2

Material and Installation

All construction shall be in accordance with the City of Watertown’s Technical
Specifications for the Construction of Storm Sewers and Standard Plates for drainage
improvements.

3.3

Location of Storm Sewers

All public storm sewers shall be installed in the public easement or public right-of-way. If
storm sewer pipe is placed on backlot lines or otherwise placed across private property, a
drainage easement is required provided the pipe is used to drain public storm water. If the
storm sewer pipe is to be used for private storm water runoff, no easement is required.

Placement
Storm sewer must be extended to the far edge of the platted subdivision to be serviced,
regardless of where the inlets are placed if needed to service future development.

Easements
All easements must be mutually exclusive for the City of Watertown. Easements shall be
identified as public utility and drainage easements. Final Drainage Plans shall identify the
type of easement.
All drainage easements must be a minimum of 20 feet wide; additional width for access may
be required. The pipe shall be placed only along the center of the easement, unless approved
by the City Engineer.
No landscaping except grass may be placed in the easement.
No permanent structure may be placed in the easement.

3.4

Size of Storm Sewers

No public storm sewer shall be less than 15 inches in diameter. Trunk storm sewers must be
a minimum of 18 inches in diameter.
All changes in pipe size must occur at a manhole, inlet, or junction box.

MKE/062570003
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3.5

Minimum Allowable Depth

The minimum allowable sewer depth of cover shall be 18 inches.

3.6

Pipe Requirements

Pipes shall be sized to convey a 5-year flow. Hydraulics of the sewer shall be analyzed. To
prevent overflow, the hydraulic gradient shall remain below the gutter or ground surface
elevation.
Storm sewer pipe shall be reinforced concrete unless otherwise approved by the City
Engineer. The “class” of reinforced concrete pipe shall be shown on the plans.
Storm sewer pipe made of other materials such as polyethylene may be approved by the
City Engineer for private development storm sewer or storm sewer to be installed outside
paved street section.
Coefficients of roughness, “n,” for use in the Manning formula as listed below shall
normally be used:
Type of pipe
Concrete
Polyethylene

3.7

“n”
0.013
0.010

Velocity Requirements

The minimum allowable velocity in a storm sewer shall be 3 feet per second (fps). The
maximum velocity shall be 15 fps.

3.8

Pipe Strength Requirements

Pipe specified shall meet American Association of State Highway and Transportation
Officials (AASHTO) HS-20 loadings.

3.9

Alignment

Sewers shall be installed with a straight alignment between structures with the following
exceptions. In locations where layouts are such that a straight alignment is not practical,
sewers may be curved. The curvature must be concentric with the curvature of the street.
The pipe manufacturer’s recommended maximum deflection angle shall not be exceeded.
Storm sewer bends will be shown as required. The City Engineer may require a structure
instead of a bend.

3.10 Separation
Storm sewer crossings of a water main or sanitary sewer will be performed in accordance
with the City of Watertown General Requirements Specifications.

12
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4. Open Channel Flow, Major Drainage Way
4.1

General

4.1.1

Design Flows

All channels will be designed with the 2-year, 5-year, and 100-year storm frequencies
considered. The major drainage system, including residual floodplain, must be able to
convey the flow from a fully urbanized watershed for the event with a 100-year recurrence
interval without significant damage to the system. Methods for calculating design flows are
described in Chapter 2 of this Manual.

4.1.2

Open Channel Flow

Major drainage systems will be designed based on steady and uniform flow conditions,
unless it is determined that more detailed modeling/analysis is required. Manning’s
Equation will be used to describe the relationship between channel geometry, slope,
roughness, and discharge for uniform flow:

Q=
in which:

2
1
1.49
AR 3 S 2
n

Q = discharge rate for design conditions (cfs)
n = Manning's roughness coefficient
A = cross-sectional area (ft2)
R = hydraulic radius A/P (ft)
P = wetted perimeter (ft)
S = slope of the energy grade line (ft/ft)
Exhibit 3 provides guidance on values of roughness coefficients to use for channel design.
Both maximum and minimum roughness coefficients shall be used for channel design to
check for sufficient hydraulic capacity and channel lining stability, respectively.
EXHIBIT 3

Roughness Coefficients (Manning’s n) for Channel Design
Roughness Coefficient (n)
Channel Type

Minimum

Typical

Maximum

a. Gravel, uniform section, clean

0.022

0.025

0.030

b. With short grass, few weeds

0.022

0.027

0.033

a. Grass, some weeds

0.025

0.030

0.033

b. Dense weeds or aquatic plants

0.030

0.035

0.040

I. Excavated or Dredged
1. Earth, straight and uniform

2. Earth, winding and sluggish

MKE/062570003
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EXHIBIT 3

Roughness Coefficients (Manning’s n) for Channel Design
Roughness Coefficient (n)
Channel Type

Minimum

Typical

Maximum

0.028

0.030

0.035

a. Dense weeds, high as flow depth

0.050

0.080

0.120

b. Clean bottom, brush on sides

0.040

0.050

0.080

0.025

0.030

0.033

0.035

0.045

0.050

0.075

0.100

0.150

a. Trowel/float finish

0.011

0.015

0.016

b. Shotcrete

0.016

0.020

0.025

a. Formed concrete

0.017

0.020

0.025

b. Random stone in mortar

0.020

0.023

0.026

c. Dry rubble or riprap

0.023

0.033

0.036

c. Earthy bottom and rubble/riprap sides
3. Channels not maintained, weeds and brush uncut

II. Natural streams (top width at flood stage 100 ft)
1. Streams on plain
a. Clean, straight, full stage, no rifts or deep pools
b. Clean, winding, some pools and shoals, some
weeds and stones
c. Very weedy reaches, deep pools, or floodways
with heavy stand of timber and underbrush
III. Lined or Built-Up Channels
1. Concrete

2. Gravel bottom with sides of:

3. Wetland Bottom Channels

See Exhibit 4

4. Grass-Lined Channels and Swales

See Exhibit 5

Source: Urban Drainage and Flood Control District

4.1.3

Flow Regime

Channels shall be designed in such a manner that critical and supercritical flows are avoided.
The Froude number, Fr, shall be used to define the flow regime: subcritical (Fr < 1), critical
(Fr = 1), or supercritical (Fr > 1). The Froude number is given by:

Fr =

V
gd

in which:
V = mean cross-sectional velocity (ft/sec)
g = acceleration of gravity = 32.2 ft/sec²
d = hydraulic depth (ft) = A/T, cross-sectional area/top width of free surface

14
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EXHIBIT 4

Manning's n vs. Depth for Low-Flow
Section in a Composite Channel
Watertown Post-Construction Manual
WB032008013MKE Exhibit_4_Depth_for_Low-Flow _v1 03-21-08 sls
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EXHIBIT 5

Manning's n vs. VR for Two Retardances
in Grass-Lined Channels
Watertown Post-Construction Manual
WB032008013MKE Exhibit_5_Manns_Depth_LowFlow_v1 03-21-08 sls
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Subcritical Flow
Major drainage design should seek to create channels with subcritical flow regimes.
For all subcritical channels, check the Froude number using the minimum value of n. When
performing hydraulic computations for grass-lined channels, the n values for the 0.1-foot to
1.5-feet flow depth range are generally suitable for calculating the wetted channel portion
for the initial storm runoff. For major runoff computations, however, the greater than 3.0feet depth values are more appropriate since flows will tend to lay the grass down to form a
smoother bottom surface.
A concrete-lined channel should not be used for subcritical flows except in unusual
circumstances where a narrow right-of-way exists.
A subcritical channel shall not be designed with a Froude number greater than 0.8 using the
velocity and depth calculated with the lowest recommended range for Manning’s n. When
designing a concrete-lined channel for subcritical flow, use a Manning’s n = 0.013 for
capacity calculations and 0.011 to check whether the flow could become supercritical.

Critical Flow
Flows at Froude numbers between 0.8 and 1.2 are unstable and unpredictable and should be
avoided. If the depth is found to be at or near critical, the shape or slope should be changed
to achieve greater hydraulic stability.

Supercritical Flow
All channels carrying supercritical flow shall be lined with continuously reinforced concrete
linings, both longitudinally and laterally. Requirements in Section 4.3.5 shall apply to
concrete-lined channels.

4.2

Design Considerations

4.2.1

Design Velocity

Minimum and maximum velocities shall be considered in the design of major drainage
systems.
Channels with high velocity flows shall utilize drop structures, suitable channel lining,
check dams or other velocity controls to minimize erosion and maintain channel stability.
Flow velocities during the major design storm (100-year) must recognize the scour potential of
the channel, whether natural, grassed, bioengineered, riprapped or concrete-lined. Average
velocities need to be determined using backwater calculations, which account for water
drawdowns at drops, expansions, contractions and other structural controls. Velocities must be
kept sufficiently low to prevent excessive erosion in the channel. Flow velocities and Froude
numbers should not exceed those given in Exhibit 6 for non-reinforced channel linings and, in
general, velocities should not exceed 18 ft/sec for reinforced channel linings.
For estimating maximum velocities for erosive or hazard considerations or localized scour
in a channel, relying only upon the HEC-2 or HEC-RAS outputs for the cross section is not
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acceptable; a more detailed hydraulic analysis of the specific cross section, which accounts
for variable velocities across the channel, is necessary.
EXHIBIT 6

Trapezoidal Channel Design Guidance/Criteria
Criteria for Various Types of Channel Lining
Design Item

Grass:
Erosive Soils

Grass: Erosion
Resistant Soils

Riprap

Concrete

Maximum 100-yr velocity

5.0 ft/sec

7.0 ft/sec

12.0 ft/sec

18.0 ft/sec

Minimum Manning’s n stability check

0.030

0.030

0.030

0.010

Maximum Manning’s n stability check

0.035

0.035

0.040

0.013

Maximum Froude number

0.5

0.8

0.8

N/A

Maximum depth outside lowflow zone

5.0 ft

5.0 ft

N/A

N/A

Maximum channel
longitudinal slope

0.6%

0.6%

1.0%

N/A

Maximum side slope

4H:1V

4H:1V

2.5H:1V

1.5H:1V

Minimum centerline radius
for a bend

2 x top width

2 x top width

2 x top
width

2 x top width

1.0 ft 1

1.0 ft 1

2.0 ft 1

2.0 ft 2

Minimum freeboard

3

4

1

Suggested freeboard is 2.0 ft to the lowest adjacent habitable structure’s lowest floor.
For supercritical channels, use the freeboard recommended in Section 4.3.1.5 for final design.
3
Add superelevation to the normal water surface to set freeboard at bends.
4
Side slopes may be steeper if designed as a structurally reinforced wall to withstand soil and
groundwater forces.
2

Source: Urban Drainage and Flood Control District

4.2.2

Design Depth

The maximum design depths of flow should account for the scour potential of the channel
lining and the bank materials. The design depth for the 100-year flood event should not exceed
5.0 feet in areas of the channel cross section outside the low-flow channel area, and less depth is
desirable for channel stability. Low-flow channel depth should be between 3.0 and 5.0 feet.

4.2.3

Design Slope

Channel Slope
The slope of a channel should not be so steep as to result in a Froude number greater than
0.5 or 0.8, depending on soil erodibility characteristics (see Exhibit 6), for the 100-year event.
Slopes for channels with vegetative linings should not exceed 0.6% and should be less than
1% for channels with reinforced concrete linings. For steep-gradient drainageways, drop
structures are necessary to meet slope criteria.
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Side Slope
For grassed channels, channels with wetland bottoms, and bioengineered channels, side slopes
should not be steeper than 4H:1V (See Exhibit 6). Under special conditions in areas of existing
development (i.e., not new development) and where right-of-way is a problem, the slopes may
be as steep as 3H:1V. Channels that require minimal slope maintenance such as concrete
channels may have side slopes as steep as 1.5H:1V, although public safety issues must be taken
into account. For riprap-lined channels, side slopes should not be steeper than 2.5H:1V.
Side slopes should be designed to accommodate maintenance and public safety. Side slopes
steeper than 3H:1V are not recommended in residential areas or areas with frequent foot
traffic. Fencing or railings may need to be considered if side slopes will be steeper than
3H:1V in these areas.

4.2.4

Curvature

Generally, the centerline curvature of the channel shall have a radius of at least twice the top
width of the 100-year flow channel. Concrete channels that may experience supercritical
flow conditions should not have any curvature.
Superelevation must also be considered with respect to curvature. For subcritical flows,
superelevation can be estimated by:

Δy =

V 2T
2 g rC

in which:
Δy = increase in water surface elevation above average elevation due to
superelevation (ft)
V = mean flow velocity (ft/sec)
T = top width of the channel under design flow conditions (ft)
g = gravitational constant = 32.2 ft/sec2
rC = radius of curvature (ft)

4.2.5

Freeboard

The amount of residual freeboard that must be allowed depends on the type of channel and
the location and elevation of structures adjacent to the channel. Exhibit 6 provides minimum
guidelines for freeboard height.
In general, a minimum residual freeboard of 1 to 2 feet should be allowed between the
water surface and top of bank. More specific freeboard requirements are discussed with
relation to specific channel types in Section 4.3.

4.2.6

Erosion Control and Channel Lining

All channels shall be designed with proper and adequate erosion control features. When
required, drops or check dams shall be installed to control water surface profile slope.
Future urbanization shall be considered when considering erosion potential.

MKE/062570003

21

POST-CONSTRUCTION STORM WATER BEST MANAGEMENT PRACTICES MANUAL

Riprap armoring shall be used as necessary for grassed, bioengineered, or wetland bottom
channels.
Grade control structures should be spaced to limit channel degradation to what is expected to
be the final stable longitudinal slope after full urbanization of the tributary watershed. Special
consideration should be given to segments with constrictions and poorly vegetated areas.
Channel construction/improvement should be scheduled during dryer times in the year to
reduce the risk of erosion from storm runoff. Temporary stabilization measures including
seeding and mulching and erosion controls such as installation and maintenance of silt fencing
should be used during construction of major drainage improvements to minimize erosion.
Watershed level erosion and sediment control is regulated at the federal, state, regional, and
local levels, and is beyond the scope of this Manual.
Lining must be designed to withstand the various forces and actions that tend to overtop the
bank, damage the lining, and cause erosion.
Natural-like channel linings are preferred; however, in some situations where right-of-way
is limited within the constraints of an already-urbanized area, hard-lined channels (i.e.,
riprap or concrete) may be necessary to assure a stable drainageway. Hard-lined channels
should not be used for new developments.
Natural-like channel linings should have gentle to mild slopes and should be constructed
for residential areas and areas with public access.
Manufactured channel linings such as gabions, interlocked concrete blocks, synthetic
linings, etc., should be used with caution, and each type of channel lining must be
scrutinized for its merits, applicability, ability to meet other community needs, long term
integrity, and maintenance needs and costs.

4.2.7

Riprap

The stone sizing for riprap used for channel lining shall be determined by the following:

V S 0.17
= 4.5
0.66
d 500.5 (GS − 1)
in which:
V = mean channel velocity (ft/sec)
S = longitudinal channel slope (ft/ft)
d50 = mean rock size (ft)
GS = specific gravity of stone (minimum = 2.65)
This equation is applicable for sizing riprap for channel lining; it is not intended for use in
sizing riprap for culvert outlet protection. See section 3.X for sizing riprap for culvert outlet
protection.
Exhibit 7 shall be used to determine the minimum size of rock type required. Exhibit 8
provides details of riprap classifications. Additional information is available in SDDOT
specification 830 RIPRRAP.
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EXHIBIT 7

Riprap Requirements for Channel Linings
Riprap Class

<4

Class A (d50 = 0.95 feet)

≥4 and <4.6

Class B** (d50 = 1.3 feet)

≥4.6 and <5.6

Class C** (d50 = 1.8 feet)

≥5.6 to 6.4

Class D** (d50 = 2.25 feet)

* Applicable only for a Froude number of < 0.8 and side slopes no steeper than 2H:1V.
** Use Gs = 2.65 unless the source of rock and its density are known at time of design.
Source: Urban Drainage and Flood Control District and South Dakota Department of Transportation

EXHIBIT 8

Classification and Gradation of Riprap
Riprap
Class

Rock Size in feet

Rock Size in Pounds

Percent of Riprap
Smaller Than

A

1.30

200

100

0.95

75

50

0.4

5

15

1.80

500

100

1.30

200

50

0.40

5

15

2.25

1000

100

1.80

500

50

0.95

75

15

2.85

2000

100

2.25

1000

50

1.80

500

15

3.60

4000

100

2.85

2000

50

2.25

1000

15

4.50

8000

100

3.60

4000

50

2.85

2000

15

B

C

D

E

F

Based on a specific gravity of 2.65 and spherical shape
Source: South Dakota Department of Transportation

Rock-lined side slopes steeper than 2.5H:1V are considered unacceptable under any
circumstances because of stability, safety, and maintenance considerations. Proper bedding
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is required both along the side slopes and the channel bottom for a stable lining. The riprap
blanket thickness should be at least 1.75 times d50 (at least 2.0 times d50 in sandy soils) and
should extend up the side slopes at least 1 foot above the design water surface. At the
upstream and downstream termination of a riprap lining, the thickness should be increased
50% for at least 3 feet to prevent undercutting.
Where only the channel sides are to be lined and the channel bottom remains unlined,
additional riprap is needed to protect such lining. In this case, the riprap blanket should
extend at least 3 feet below the channel thalweg (invert) in erosion resistant soils, and the
thickness of the blanket below the existing channel bed should be increased to at least 3
times d50 to accommodate possible channel scour during higher flows. If the scour depth for
the 100-year flow exceeds 3 feet, the depth of the riprap blanket should be increased
accordingly. As an alternative, a thinner layer of riprap (i.e., 1.75 to 2.0 d50) may be used in
the toe provided it is extended to 5.0 feet below the channel bottom. For sandy soils, it will
be necessary to extend the riprap toe to even greater depths (5-foot minimum) and sitespecific scour calculations are recommended.
When riprap is used to protect a channel at transitions, it should extend upstream from the
transition entrance at least 5 feet and downstream from the transition exit for a distance
equal to at least 5 times the design flow depth.

Shear Stress
Flow induced shear stress should not exceed the permissible shear stress for the lining
material. Shear stress will be calculated as the following:

τ = γ RS
If the width is very large in relation to the depth, the maximum shear stress can be
calculated as the following:

τd = γ dS
in which:
τ = shear stress (lb/ft2)
τd = maximum shear stress at normal depth (lb/ft2)
τp = permissible shear stress (lb/ft2)
γ = unit weight of water (62.4 lb/ft3)
R = hydraulic radius A/P (ft)
d = maximum depth of flow (ft)
S = average bed slope or energy slope (ft/ft)
Determine the permissible shear stress, τp in lbs/ft2 for the lining material. If τd < τp then
lining is acceptable.

4.2.8

Maintenance

Operation and maintenance including access shall be considered in design of all channels.
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All major drainage channels shall be maintained to ensure that they are capable of conveying
their design flow, such as the 100-year flow (as well as more frequently occurring flows) and to
ensure that channels do not become a public nuisance and eyesore. This includes routine
maintenance (i.e., mowing for weed control or annual or seasonal clean-outs), unscheduled
maintenance (i.e., inspection and cleanout after large events) and restorative maintenance.
Native tall grasses shall be mowed three to six times per year or on a less frequent schedule,
depending on the type of channel and setting.
A maintenance access platform with a minimum passage width of 12 feet shall be
constructed along the entire length of all major drainageways except at drop structures,
where a 20 foot maintenance platform shall be provided. The maintenance road should be
surfaced with 6-inches of Class 2 road base or a 5-inch-thick concrete slab.
All maintenance activities are the responsibility of the property owner.

4.2.9

Public Safety

The channel shall be designed to protect from major flooding resulting in extensive property
damage and loss of life. Specific safety practices shall be employed as needed.
For concrete channels, a 6-foot-high chain-link or comparable fence shall be installed to
prevent access wherever the 100-year depth exceeds 3 feet. Appropriate numbers of gates,
with top latch, shall be placed and staggered where a fence is required on both sides of the
channel to permit good maintenance access. In addition, ladder-type steps shall be installed
not more than 200 feet apart on alternating sides of the channel. A bottom rung shall be
placed approximately 12 inches vertically above the channel invert.

4.3

Channel Design Criteria

4.3.1

Natural Channels

Whenever feasible, natural channels should be kept as near to natural conditions as possible
by limiting modifications to those necessary to protect against the destabilizing hydrologic
forces caused by urbanization.
The channel and overbank floodplain should have adequate capacity for the 100-year flood.
Outfalls into natural channels should be 2 feet above the channel invert to account for
vegetation and sediment accumulation. The engineer should visit the site of any outfalls into
natural drainageways to examine the actual ground surface condition.

4.3.2

Grass-Lined Channels

Unless otherwise specified, the design criteria shown in Exhibit 6 shall be used for grasslined channels.
Bridge deck bottoms and sanitary sewers shall be considered when evaluating freeboard
along the channel in urban areas. In general, a minimum freeboard of 1 to 2 feet should be
allowed between the water surface and top of bank. A 3-foot freeboard should be used
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along major streams where the potential for significant timber and other debris exists during
a flood event. Superelevation shall be evaluated in addition to freeboard at curves.
For a given discharge, the bottom width shall be determined using the depth, velocity, and
Froude number constraints described in Exhibit 6 and in previous sections.
Outfalls into grass-lined, major channels should be at least 1 foot (preferably 2 feet) above
the channel invert with adequate erosion protection provided.
Riprap and other erosion prevention techniques shall be used at all structures within the
channel.

4.3.3

Trickle and Low-Flow Channels

When base flow is present or is anticipated as the drainage area develops, a trickle or lowflow channel shall be provided. A trickle channel with a porous bottom (i.e., unlined or
riprapped) or a low-flow channel is required for all urban grass-lined channels.
Low flows must be carried in a trickle channel, a low-flow channel, or an underdrain pipe.
The capacity of a trickle channel should be approximately 2.0% of the major (100-year)
design flow for the fully developed condition assuming no upstream detention. If an
underdrain pipe is used, it should be at least 24 inches in diameter, have access manholes at
least every 200 feet, and have a slope so that a velocity of at least 3 ft/sec is maintained at ½
full pipe depth. Due to maintenance issues, underdrains are generally not recommended.
Exhibit 9 should be used to estimate the required capacity of a trickle flow channel based on
the percent of impervious area, Ia. For flows exceeding the limits in Exhibit 9 or where a
natural gulch or stream exists, a separate low-flow channel having stabilized banks should be
used. A low-flow channel should have a minimum capacity of ⅓to ½ of the 2-year peak flow
under the fully developed watershed conditions. To the extent practicable, a low-flow channel
should be gently sloped and shallow to promote flow through the channel’s vegetation.
EXHIBIT 9

Minimum Capacity Required For Trickle Channels

Source: Urban Drainage and Flood Control District
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A soil-riprap mix should be used for low-flow channel lining to provide a stable, vegetated
low-flow channel for grass-lined wetland bottom and bioengineered channels. Soil and
riprap should be mixed prior to placement for the low-flow channels. Soil-riprap low-flow
channels should have a cross slope of 1% to 2%. The longitudinal slope should be consistent
with the channel type used.

4.3.4

Composite Channels

A channel with a stabilized low-flow section and an overflow section, or a composite
channel, shall be used when the trickle flow channel capacity limits are exceeded. It shall be
assumed that wetland and other flow-retarding vegetation will develop in the low-flow
section over time.
Composite channels differ from smaller grass-lined channels by (1) the absence of an
impermeable trickle channel, (2) gentler longitudinal slopes and wider bottom widths that
encourage shallow, slow flows, (3) greater presence of hydrophytic vegetation along the
channel’s bottom and lower banks, and (4) non-applicability of the 1% to 2% cross-slope
criterion. Another major difference is that a wetland bottom channel should be designed as
a low-flow channel having a capacity to carry the 2-year flood peak, instead of the ⅓to ½ of
the 2-year peak required for low flow channels.
Outfalls into conveyances with low-flow channels should be at least 2 feet above the lowflow channel invert.
A composite roughness coefficient (Manning’s n) shall be used in uniform flow calculations.
A 1 to 2-foot drop structure should be provided immediately downstream of all crossings
that require a culvert or bridge.

4.3.5

Concrete-Lined Channels

Concrete-lined channels are not recommended for general use unless hydraulic,
topographic, or right-of-way constraints necessitate their use.
Concrete-lined channels conveying supercritical flows should follow practices outlined in
the supercritical flow regime section.
There shall be no reduction of wetted area cross section at bridges or culverts. Freeboard
shall be adequate to provide a suitable safety margin. Bridges or other structures crossing
the channel must be anchored satisfactorily to withstand the full dynamic load that might be
imposed upon the structure in the event of major trash plugging.
The concrete linings must be protected from hydrostatic uplift forces that are often created
by a high water table or momentary inflow behind the lining from localized flooding. A
perforated underdrain pipe, designed to be free draining, is required under the lining.
Hydraulic jumps shall be avoided.
Construction inspection shall be performed to insure that the selected roughness is obtained
for concrete linings. Because of field construction limitations, the designer should use a
Manning’s n roughness coefficient equal to 0.013 for a well-trowelled concrete finish. Other
finishes should have proportionately larger n values assigned to them.
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Freeboard above the design water surface shall not be less than that determined by the
following equation or 2 feet:

H fb = 2 + 0.025V ( y0 )

1

3

+ Δy

in which:
Hfb = freeboard height (ft)
V = velocity of flow (ft/sec)
y0 = depth of flow (ft)
Δy = increase in water surface elevation due to superelevation at bends (no bends
allowed in supercritical channels)
All concrete lining shall be designed to withstand the anticipated hydrodynamic and
hydrostatic forces, and the minimum thickness shall be no less than 7 inches for supercritical
channels and no less than 5 inches for subcritical channels. A free draining granular bedding
shall be provided under the concrete liner and shall be no less than 6-inches thick for
channels with Froude number ≤ 0.7 and 9-inches thick for channels with Froude
number ≥ 1.4.
Concrete joints must satisfy the following criteria: 1. Channels shall be constructed of
continuously reinforced concrete without transverse joints; 2. Expansion/contraction joints
shall be installed where new concrete lining is connected to a rigid structure or to existing
concrete lining which is not continuously reinforced; 3. Longitudinal joints, where required,
shall be constructed on the sidewalls at least 1 foot vertically above the channel invert; 4. All
joints shall be designed to prevent differential movement; and 5. Construction joints are
required for all cold joints and where the lining thickness changes. Reinforcement shall be
continuous through the joint.
Longitudinal underdrains shall be provided along the channel bottom on 10-foot centers
within a freedraining bedding under the channel lining, be free draining, and daylight at
check drops (when applicable). A check valve or flap valve shall be provided at the outlet to
prevent backflow into the drain. Appropriate numbers of weep holes and one-way valves
shall be provided in vertical wall sections of the channel to relieve hydrostatic pressure.
Outfalls into concrete-lined channels should be at least 1 foot above the channel invert.

4.3.6

Riprap-Lined Channels

Channel linings constructed from soil riprap, grouted boulders, or wire-encased rock to
control channel erosion may be considered on a case-by-case basis, or may be required as
the case may be, for the following situations: (1) Where major flows such as the 100-year
flood are found to produce channel velocities in excess of allowable non-eroding values (5
ft/sec for sandy soil conditions and 7 ft/sec in erosion resistant soils) or when main channel
depth is greater than 5 feet; (2) Where channel side slopes must be steeper than 3H:1V; (3)
For low-flow channels; and (4) Where rapid changes in channel geometry occur such as
channel bends and transitions.
Riprap-lined channels should only be used for subcritical flow conditions where the Froude
number is 0.8 or less. When used, it is recommended that all riprap outside frequent flow

28

WATERTOWNPOSTCONSTRUCTIONMANUAL_080402.DOC

MKE/062570003

SECTION 4—OPEN CHANNEL FLOW, MAJOR DRAINAGE WAY

zones have the voids filled with soil, the top of the rock covered with topsoil, and the
surface revegetated with native grasses, namely, use soil riprap.
Basic requirements for riprap stone are as follows:
•

Rock shall be hard, durable, angular in shape, and free from cracks, overburden, shale,
and organic matter.

•

Neither breadth nor thickness of a single stone should be less than one-third its length,
and rounded stone should be avoided.

•

The rock should sustain a loss of not more than 40% after 500 revolutions in an abrasion
test (Los Angeles machine ASTM C-535-69) and should sustain a loss of not more than 10%
after 12 cycles of freezing and thawing (AASHTO test 103 for ledge rock procedure A).

•

Rock having a minimum specific gravity of 2.65 is preferred; however, in no case should
rock have a specific gravity less than 2.50.

When grouted bouldering is used, the boulders should meet all the properties of rock for
ordinary riprap, and rock of uniform size should be used. Grouted boulders should be
placed directly on subbase without granular bedding. The top one-half of the boulders shall
be left ungrouted and exposed. Weep holes should be provided at the toe of channel slopes
and channel drops to reduce uplift forces on the grouted channel lining. Underdrains
should be provided if water is expected to be present beneath the liner. Grouted boulders on
the banks should be buried and vegetated with dry-land grasses and shrubs. At least 18
inches of soil must be used to cover grouted riprap for establishing dry-land vegetation.
If wire enclosed rock, or gabions, are used, they should be placed above the low-flow
channel or 2-year water surface elevation. All flat mattresses must be filled with topsoil and
then covered with a 6-inch layer of topsoil.
Bedding shall be properly designed to provide long-term stability of the riprap lining.

4.3.7

Bioengineered Channels

Bioengineered channels are applicable when channel designs are firmly grounded in
engineering principles and the following conditions are met: (1) Hydrologic conditions are
favorable for establishment and successful growth of vegetation; (2) Designs are
conservative in nature, and bioengineered features are used to provide redundancy; (3)
Maintenance responsibilities are clearly defined; (4) Adequate structural elements are
provided for stable conveyance of the major runoff flow; and (5) Species are selected based
on individual site characteristics.
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5. Best Management Practices
For sites that are larger than 1 acre but have less than 1 acre of new impervious area, only
the requirements of Section 5.1, Step 1 are required. For sites with greater than 1 acre of new
impervious area, all requirements outlined in Section 5.1 are applicable.

5.1

Three-Step Process of Best Management Practices

The following process is recommended for selecting structural BMPs in newly developing
and redeveloping urban areas:
1. Step 1—Employ Runoff Reduction Practices (applicable to all sites larger than 1 acre)
To reduce runoff peaks and volumes from urbanizing areas, employ a practice generally
called “minimizing directly connected impervious areas” (MDCIA). The principal
behind MDCIA is two-fold: to reduce impervious areas and to route runoff from
impervious surfaces over grassy areas to slow down runoff, promote infiltration, and
reduce costs. The benefits are less runoff, less storm water pollution, and less cost for
drainage infrastructure. There are several approaches to reduce the effective
imperviousness of a development site:
a. Reduced pavement area
Creative site layout can reduce the extent of paved areas.
b. Porous pavement
The use of modular block porous pavement or reinforced turf in low traffic zones
such as parking areas and low use service drives such as fire lanes can significantly
reduce site imperviousness.
c. Grass buffers
Draining impervious areas over grass buffers slows down runoff and encourages
infiltration, in effect reducing the impact of the impervious area.
d. Grass swales
The use of grass swales instead of storm sewers slows down runoff and promotes
infiltration, also reducing effective imperviousness and detention.
Two approaches for reducing imperviousness are structural BMPs and are described
in detail in the following sections:
5.2
5.3

Grass Buffer
Grass Swale

2. Step 2—Provide Water Quality Capture Volume (applicable to all sites with greater than
1 acre of new impervious area)
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A fundamental requirement for any site addressing storm water quality is to provide
WQCV. One or more of four types of water quality basin BMPs, each draining slowly to
provide for long-term settling of sediment particles, may be selected. Each of these
BMPs are to be designed to treat a specified WQCV following the process described in
detail in the following sections:
5.5
5.6
5.7
5.8

Porous Landscape Detention
Extended Detention Basin
Constructed Wetland Basin
Retention Pond

3. Step 3—Provide 2- and 100-Year Storage Volume (applicable to those sites with greater than
1 acre of new impervious area unless controlled through a regional drainage master plan)
Storage also must be provided for the 100-year 24-hour storm. The use of onsite
detention is required at those locations where storage for the 2- and 100-year storms is
not provided by a regional facility.
Providing storage for the 2-year storm is meant to reduce stream erosion downstream,
while providing storage for the 100-year storm is meant to reduce the possibility of
damaging floods downstream. Wherever possible, it is recommended that WQCV
facilities be incorporated into storm water quantity detention facilities. For further
guidance, see Section 5.4, Incorporating Storm Water Quantity Control into Water
Quality Capture Basins.

5.2

Grass Buffer

5.2.1

Description

Grass buffer strips are an integral part of the MDCIA land development concept. They are
uniformly graded and densely vegetated areas of turf grass. They require sheet flow to promote
filtration, infiltration, and settling to reduce runoff pollutants. Grass buffers differ from grass
swales as they are designed to accommodate overland sheet flow rather than concentrated or
channelized flow. They can be used to remove sediment from runoff of impervious areas.
Whenever concentrated runoff occurs, it should be evenly distributed across the width of
the buffer via a flow spreader. This may be a porous pavement strip or another type of
structure used to achieve uniform sheet flow conditions. Grass buffers also can be combined
with riparian zones in treating sheet flows and in stabilizing channel banks adjacent to
major drainage ways and receiving waters. Grass buffers can be interspersed with shrubs
and trees to improve their aesthetics and to provide shading.

5.2.2

General Application

Grass buffers are typically located adjacent to impervious areas. When used, they should be
incorporated into site drainage, street drainage, and master drainage planning. Because
their effectiveness depends on having an evenly distributed sheet flow over their surface,
the size of the contributing area and the associated volume of runoff have to be limited.
Flow can be directly accepted from an impervious area such as a parking lot or building
roofs, provided the flow is distributed uniformly over the strip. Grass buffers provide only
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marginal pollutant removal and require that follow-up structural BMPs be provided;
however, they do help to reduce some of the runoff volume from small storms.

5.2.3

General Properties

General
The grass and other vegetation provide aesthetically pleasing green space, which can be
incorporated into a development landscaping plan. Eventually, the grass strip next to the
spreader or the pavement will accumulate sufficient sediment to block runoff. At that point,
a portion of the grass buffer strip will need to be removed and replaced.

Physical Site Suitability
After final grading, the site should have a uniform slope and be capable of maintaining an
even sheet flow throughout without concentrating runoff into shallow swales or rivulets.
The allowable tributary area depends on the width, length, and the soil that lay under the
grass buffer. Hydrologic Soil Groups A and B provide the best infiltration capacity, while
Soil Groups C and D provide the best site stability. The swelling potential of underlying soil
also should be taken into account in how the soil may affect adjacent structures and
pavement when water is delivered to the grassed areas.

Pollutant Removal
Pollutant removal depends on many factors, such as soil permeability; site slope; the flow path
length along the buffer; the characteristics of drainage area; runoff volumes and velocities; and
the type of vegetation. The general pollutant removal of both particulate and soluble pollutants
is projected to be low to moderate. Grass buffers rely primarily upon the settling and
interception of solids and, to only a minor degree, on biological uptake and runoff infiltration.

5.2.4

Maintenance Requirements

Maintenance requirements for this BMP are listed in Exhibit 10.
EXHIBIT 10

Irrigated Grass Buffer Strip Maintenance Considerations
Required Action

Maintenance Objective

Frequency of Action

Lawn mowing

Maintain a dense grass cover at a recommended length
of 2 to 4 inches. Collect and dispose of cuttings offsite or
use a mulching mower.

Routine—as needed or
recommended by inspection.

Lawn care

Use the minimum amounts of biodegradable, nontoxic
fertilizers and herbicides needed to maintain dense grass
cover, free of woods. Reseed and patch damaged areas.

As needed.

Irrigation

Adjust the timing sequence and water cover to maintain
the required minimum soil moisture for dense grass
growth. Do not over-water.

As needed.

Litter removal

Remove litter and debris to prevent gully development,
enhance aesthetics, and prevent floatables from being
washed offsite.

Routine—as needed by
inspection.

Inspections

Inspect irrigation, turf grass density, flow distribution,
gully development, and traces of pedestrian or vehicular
traffic and request repair as needed.

Annually and after each major
storm (that is, larger than 0.75
inch of precipitation).
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EXHIBIT 10

Irrigated Grass Buffer Strip Maintenance Considerations
Required Action

Maintenance Objective

Frequency of Action

Turf replacement

To lower the turf below the surface of the adjacent
pavement, use a level flow spreader so that sheet flow is
not blocked and will not cause water to back up onto the
upstream pavement.

As needed when water ponding
becomes too high or too frequent
a problem. The need for turf
replacement will be higher if the
pavement is sanded in winter to
improve tire traction on ice.
Otherwise, expect replacement
once every 5 to 15 years.

Source: Urban Drainage and Flood Control District.

5.2.5

Design Considerations

Design of grass buffers is based primarily on maintaining sheet flow conditions across a
uniformly graded, dense grass cover strip. When a grass buffer is used over unstable slopes,
soils, or vegetation, rills and gullies will form that will disrupt sheet flow. The resultant
short-circuiting will invalidate the intended water quality benefits. Grass buffers should be
protected from excessive pedestrian or vehicular traffic that can damage the grass cover and
affect even sheet flow distribution. A mixture of grass and trees may offer benefits for slope
stability and improved aesthetics.

5.2.6

Design Procedure and Criteria

The following steps outline the grass buffer design procedure and criteria. See Attachment 1
for Standard Drawing 1, a schematic of the facility and its components.
1. Step 1—Design Discharge
Determine the 2-year peak flow rate of the area draining to the grass buffer. Also,
determine the flow control type: sheet or concentrated.
2. Step 2—Minimum Length
Calculate the minimum length (normal to flow) of the grass buffer. The upstream flow
needs to be uniformly distributed over this length. General guidance suggests that the
hydraulic load should not exceed 0.05 cubic feet per second (cfs) per linear foot of buffer
during a 2-year storm to maintain a sheet flow of less than 1 inch throughout dense
grass that is at least 2 inches high. The minimum design length (normal to flow) is
therefore calculated as:
LG =

Q 2− year
0.05

(Equation 1)

in which:
Lg
=
Q2-year =

Minimum design length (feet)
Peak discharge to the grass buffers by a 2-year event (cfs)

Longer lengths may be used.
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3. Step 3—Minimum Width
The minimum width (WG) (the distance along the sheet flow direction) of the grass
buffer shall be determined by the following criteria for onsite and concentrated flow
control conditions:
•

Sheet flow control (use the larger value)
WG = 0.2LI or 8 feet

(Equation 2)

in which:
LI = The length of flow path of the sheet flow over the upstream impervious
surface (feet)
•

Concentrated flow control (use the larger value)
WG = 0.15(At/Lt) or 8 feet

(Equation 3)

in which:
At = The tributary area (square feet)
Lt = The length of the tributary (normal to flow) upstream of the grass
buffer (feet)
A generally rectangular-shaped strip is preferred and should be free of gullies or rills
that concentrate the overland flow.
4. Step 4—Maximum Slope
Design slopes shall not exceed 4 percent.
5. Step 5—Flow Distribution
Incorporate a device on the upstream end of the buffer to evenly distribute flows along the
design length. Slotted curbing, modular block porous pavement (MBP), or other spreader
devices can be used to apply flows. Concentrated flow supplied to the grass buffer must
use a level spreader (or a similar concept) to evenly distribute flow onto the buffer.
6. Step 6—Vegetation
Vegetate the grass buffer with dense turf to promote sedimentation and entrapment and
to protect against erosion.
7. Step 7—Outflow Collection
Provide a means for outflow collection. Most of the runoff during significant events will
not be infiltrated and will require a collection and conveyance system.
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5.3

Grass Swale

5.3.1

Description

A grass swale sedimentation facility is an integral part of the MDCIA development concept.
They are densely vegetated drainage ways with low-pitched side slopes that collect and
slowly convey runoff. Design of their longitudinal slope and cross section size forces the
flow to be slow and shallow, thereby facilitating sedimentation while limiting erosion.
Berms or check dams should be installed perpendicular to the flow as needed to slow it
down and encourage settling and infiltration.

5.3.2

General Application

A grass swale can be located to collect overland flows from areas such as parking lots,
buildings, residential yards, roadways, and grass buffer strips. They can be made a part of
the plans to minimize a directly connected impervious area by using them as an alternative
to a curb-and-gutter system, if approved by the City Engineer. A grass swale is set below
adjacent ground level, and runoff enters the swales over grassy banks. The potential exists
for wetland vegetation to become established if the swale experiences standing water or if
there is a base flow. A site with a base flow should be managed as either a swale with an
unlined trickle channel or as a wetland bottom channel, the latter providing an additional
BMP to storm water runoff.

5.3.3

General Properties

General
A grass swale can be more aesthetically pleasing than concrete or rock-lined drainage
systems. Although limited by the infiltration capacity of local soil, this BMP also can
provide some reduction in runoff volumes from small storms. Dense grasses can reduce
flow velocities and protect against erosion during larger storm events. Swales in residential
and commercial settings also can be used to limit the extent of directly connected
impervious areas.

Physical Site Suitability
A grass swale is practical only at sites with general ground slopes of less than 4 percent and
are not practical for sites steeper than 6 percent. The longitudinal slopes of a grass swale
should be kept to less than 1 percent, which often necessitates the use of grade control
checks or drop structures. Where the general terrain slope exceeds 4 percent, a grass swale is
often practical only on the upslope side of the adjacent street.
When soil with high permeability (for example, Class A or B) is available, the swale will
infiltrate a portion of the runoff into the ground, but such soil is not required for effective
application of this BMP. When Class C and D soils are present, the use of a sand/gravel
underdrain is recommended.

Pollutant Removal
Removal rates reported in literature vary and fall into the low to medium range. Under
good soil conditions and low-flow velocities, moderate removal of suspended solids and
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associated other constituents can be expected. If soil conditions permit, infiltration can
remove low to moderate loads of soluble pollutants when flow velocities are very low. As a
result, small frequently occurring storms can benefit the most.

5.3.4

Maintenance Requirements

Maintenance considerations for this BMP are listed in Exhibit 11.
EXHIBIT 11

Grass-lined Swale Maintenance Considerations
Required Action

Maintenance Objective

Frequency of Action

Lawn mowing and
lawn care

Maintain irrigated grass at 2 to 4 inches
tall and non-irrigated native grass at 6 to 8
inches tall. Collect cuttings and dispose of
them offsite or use a mulching mower.

Routine—as needed.

Debris and litter
removal

Keep the area clean for aesthetic reasons,
which also reduces floatables being
flushed downstream.

Routine—as needed by inspection, but
no less than two times per year.

Sediment removal

Remove accumulated sediment near
culverts and in channels to maintain flow
capacity. Replace the grass areas
damaged in the process.

Routine—as needed by inspection.
Estimate the need to remove sediment
from 3 to 10 percent of total length per
year, as determined by annual
inspection.

Grass reseeding and
mulching

Maintain a healthy dense grass in channel
and side slope.

Nonroutine—as needed by annual
inspection.

Inspections

Check the grass for uniformity of cover,
sediment accumulation in the swale, and
near culverts.

Routine—annual inspection is
suggested.

Source: Urban Drainage and Flood Control District

5.3.5

Design Considerations and Criteria

Standard Drawing 2 (Attachment 1) shows trapezoidal and triangular swale configurations.
A grass swale is sized to maintain a low velocity during small storms and to collect and
convey larger runoff events, all for the projected fully developed land use conditions.
A healthy turf grass cover must be developed to foster dense vegetation. Permanent irrigation in
some cases may be necessary. Judicious use of grass swales can replace both the curb-and-gutter
systems and greatly reduce the storm sewer systems in the upper portions of each watershed
when designed to convey the “initial storm” (for example, a 2- or 5-year storm) at slow
velocities. However, if one or both sides of the grass swale are also to be used as a grass buffer,
the design of the grass buffer has to follow the requirements of Section 5.2, Grass Buffers.

5.3.6

Design Procedure and Criteria

The following steps outline the grass swale design procedure and criteria.
1. Step 1—Design Discharge
Determine the 2-year flow rate in the proposed grass swale.
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2. Step 2—Swale Geometry
Select geometry for the grass swale. The cross section should be trapezoidal or
triangular. The side slopes shall be flatter than 4:1 (horizontal/vertical). The wider the
wetted area of the swale, the slower the flow.
3. Step 3—Longitudinal Slope
Maintain a longitudinal slope for the grass swale between 0.2 and 1.0 percent. If the
longitudinal slope requirements cannot be satisfied with available terrain, grade control
checks or small drop structures must be incorporated to maintain the required
longitudinal slope. If the slope of the swale exceeds 0.5 percent, the swale must be
vegetated with irrigated turf grass to establish the vegetation.
4. Step 4—Flow Velocity and Depth
Calculate the velocity and depth of flow through the swale. Based on Manning’s
equation and a Manning’s roughness coefficient of n=0.05, find the channel velocity and
depth using the 2-year flow rate determined in Step 1.
5. Step 5—Maximum Flow Velocity
Maximum flow velocity of the channel shall not exceed 1.5 fps, and the maximum flow
depth shall not exceed 2 feet at the 2-year peak flow rate. If these conditions are not
attained, repeat Steps 2 through 4, each time altering the depth and bottom width or
longitudinal slopes until these criteria are satisfied.
6. Step 6—Vegetation
Vegetate the grass swale with dense turf grass to promote sedimentation, filtration, and
nutrient uptake, and to limit erosion through maintenance of low-flow velocities.
7. Step 7—Street and Driveway Crossings
If applicable, small culverts at each street crossing and/or driveway crossing may be
used to provide onsite storm water capture volume in a similar fashion to an extended
detention basin (if adequate volume is available).
8. Step 8—Drainage and Flood Control
Check the water surface during larger storms such as the 5-year through the 100-year
event to assure that drainage from these larger events is being controlled without
flooding critical areas.

5.4

Incorporating Stormwater Quantity Control into Water
Quality Capture Basins

Wherever possible, it is recommended that WQCV facilities be incorporated into storm
water quantity detention facilities. The extended detention basin, constructed wetland basin,
and a retention pond are designed to easily incorporate storm water quantity control above
the WQCV.
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The following approach is suggested:
•

Water quality: The full WQCV is to be provided according to the design procedures
documented for the structural BMP.

•

2-year storm: The WQCV plus the full 2-year detention volume is to be provided.

•

100-year storm: The WQCV plus the full 100-year detention volume is to be provided.

5.4.1

Design Storm

Storm water quantity basins shall be designed for 2- and 100-year 24-hour design flows.

5.4.2

Release Methods

Careful consideration must be given to the discharge of the surface release as to the
elimination of erosion potential and the capacity of the downstream surface water course.
The release structure shall be designed to withstand the forces caused by the structure being
overtopped during a larger-than-design storm.
The 100-year detention level is provided above the WQCV, and the outlet structure is
designed to control two or more different releases. Standard Drawing 4 (Attachment 1)
shows an example of a combined quality/quantity outlet structure.

5.4.3

Maximum Release Rate

The detention pond volumes and release rate shall be designed to accommodate runoff
generated by the development and post-developed upstream properties. Runoff captured
from the 2-year and the 100-year 24-hour storm must be released at a rate less than the
pre-development peak rate.

5.4.4

Design Procedure

The following steps outline a calculation method that meets the minimum standards of the
City of Watertown. Refer to Section 2.3, Design Storm Calculations, for additional approved
calculation methods.
1. Step 1—Calculate Storage Volumes
A conservative estimate of the design volume in acre-feet can be calculated by
multiplying the 24-hour precipitation depth by the watershed area that is contributing
runoff as follows:

⎛ 5.76 in ⎞
Design Volume100 year = ⎜
⎟ ∗ C * Area
⎝ 12 ⎠

(Equation 4)

in which:
Area
= The watershed area tributary (acres)
C = Post-development Rational Method Runoff Coefficient
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⎛ 2.40 in ⎞
Design Volume2 year = ⎜
⎟ ∗ C * Area
⎝ 12 ⎠

(Equation 5)

in which:
Area
= The watershed area tributary (acres)
C = Post-development Rational Method Runoff Coefficient
2. Step 2—Calculate Release Rates
Pre-development peak runoff rates can be calculated using the Rational Method as
follows:

Maximum Re lease Rate100 year = 7.22 in

hr

∗ C * Area

(Equation 6)

in which:
Area
= The watershed area tributary (acres)
C = Pre-develoment Rational Method Runoff Coefficient

Maximum Re lease Rate2 year = 2.86 in

hr

∗ C * Area

(Equation 7)

in which:
Area
= The watershed area tributary (acres)
C = Pre-develoment Rational Method Runoff Coefficient
3. Step 3—Incorporate Water Quantity Volume into WQCV Basin
Using guidelines provided for the selected basin, size the basin to provide additional
capacity for the 2- and 100-year storms.
4. Step 3—Outlet Design
Design a multiple-stage outlet to control the WQCV, 2-year, and 100-year storm volumes
to the appropriate release rate.

5.4.5

Adjacent Property Elevations

The property corner elevation of properties abutting a basin shall be 1 foot above the
100-year design storm. Recommended minimum ground elevations for homes abutting or
affected by the basin shall be 2 feet above the overflow elevation. The recommended
minimum ground elevation for homes abutting or affected by basins will be a minimum of
4 feet above the 100-year pond high water elevation if an overflow system is not available or
at an elevation that provides an additional 50 percent storage.

5.4.6

Parking Lots

Parking lots that serve as detention storage ponds must not have a storage depth of more
than 1 foot. It is recommended that notification signs be installed in parking lots that serve
as detention ponds. The signs shall be permanent and high quality, meeting requirements of
the Manual on Uniform Traffic Control Devices.
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5.5

Porous Landscape Detention

5.5.1

Description

Porous landscape detention consists of a low-lying vegetated area underlain by a sand bed
with an underdrain pipe. A shallow surcharge zone exists above the porous landscape
detention for temporary storage of the WQCV. During a storm, accumulated runoff ponds
in the vegetated zone and gradually infiltrates into the underlying sand bed, filling the void
spaces of the sand. The underdrain gradually dewaters the sand bed and discharges the
runoff to a nearby channel, swale, or storm sewer. This BMP allows WQCV to be provided
on a site that has little open area available for storm water detention.

5.5.2

General Application

Location
A porous landscape detention can be located in just about any of the open areas of a site. It
is ideally suited for small installations such as:
•
•
•
•

Parking lot islands
Street medians or boulevards
Roadside swale features
Site entrance or buffer features

This BMP also may be implemented at a larger scale, serving as an infiltration basin for an
entire site if desired, provided the WQCV and average depth requirements contained in this
section are met.
Vegetation may consist of irrigated bluegrass or natural grasses with shrub and tree
plantings if desired.

5.5.3

General Properties

General
A primary advantage of porous landscape detention is making it possible to provide WQCV
on a site while reducing the impact on developable land. It works well with irrigated
bluegrass, whereas experience has shown that conditions in the bottom of extended
detention basins become too wet for bluegrass. A porous landscape detention provides a
natural moisture source for vegetation, enabling “green areas” to exist with reduced
irrigation.
The primary drawback of porous landscape detention is a potential for clogging if a
moderate to high level of silts and clays is allowed to flow into the facility. Also, this BMP
needs to be avoided close to building foundations or other areas where expansive soils are
present, although an underdrain and impermeable liner can reduce some of this concern.

Physical Site Suitability
If an underdrain system is incorporated into this BMP, porous landscape detention is suited
for about any site regardless of in situ soil type. If sandy soils are present, the facility can be
installed without an underdrain (infiltration option); sandy subsoil is not a requirement.
MKE/062570003
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This BMP has a relatively flat surface area and may be more difficult to incorporate into
steeply sloping terrain.

Pollutant Removal
Although not tested to date in the Watertown area, the amount of pollutant removed by this
BMP should be significant. In addition to settling, porous landscape detention provides for
filtering, adsorption, and biological uptake of constituents in storm water.

5.5.4

Maintenance Requirements

Exhibit 12 shows the maintenance requirements for a porous landscape detention.
EXHIBIT 12

Porous Landscape Detention Maintenance Considerations
Required Action

Maintenance Objectives

Frequency

Lawn mowing and
vegetative care

Occasional mowing of grasses and weed removal
to limit unwanted vegetation. Maintain irrigated
turf grass as 2 to 4 inches tall and non-irrigated
native turf grasses at 4 to 6 inches.

Routine—depending on
aesthetic requirements.

Debris and litter removal

Remove debris and litter from detention area to
minimize clogging of the sand media.

Routine—depending on
aesthetic requirements.

Landscaping removal
and replacement

The sandy loam turf and landscaping layer will
clog with time. This layer will need to be removed
and replaced, along with all turf and other
vegetation growing on the surface, to rehabilitate
infiltration rates.

Every 5 to 10 years,; depending
on infiltration rates, needed to
drain the WQCV in 12 hours or
less. May need to do it more
frequently if exfiltration rates
are too low to achieve this goal.

Inspections

Inspect detention area to determine if the sand
media is allowing acceptable infiltration

Routine—biannual inspection of
hydraulic performance.

Source: Urban Drainage and Flood Control District

5.5.5

Design Considerations

See Standard Drawing 3 (Attachment 1) for a typical cross section for porous landscape
detention. When implemented using multiple small installations on a site, it is increasingly
important to accurately account for each upstream drainage area tributary to each porous
landscape detention site to make sure that each facility is properly sized and that all
portions of the development site are directed to a porous landscape detention.

5.5.6

Design Procedure

The following steps outline the porous landscape detention design procedure and criteria.
1. Step 1—Basin Storage Volume
Provide a storage volume based on a 12-hour drain time.
Find the required storage volume (watershed inches of runoff). Using the tributary area
imperviousness, determine the required WQCV (watershed inches of runoff) using
Exhibit 13, based on the porous landscape detention 12-hour drain time.
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Calculate the design volume in cubic feet as follows:

⎛ WaterQualityCaptureVolume ⎞
Design Volume = ⎜
⎟ ∗ Area
12
⎝
⎠

(Equation 8)

in which:
Area
•

= The watershed area tributary to the BMP (square feet)

Surface area: Calculate the minimum required surface area as follows:

Surface Area = Design Volume in ft3
dav
in which:

(Equation 9)

dav = average depth (feet) of the porous landscape detention basin.
•

Base courses: Provide base courses as shown in Standard Drawing 3 (Attachment 1).
Subbase: If expansive soils are a concern, install an impermeable membrane and
place the base course on top of the membrane. If soil is not expansive, use
geotextile fabric to line the entire basin bottom and walls.
Average depth: Maintain the average WQCV depth between 6 and 12 inches.
Average depth is defined as water volume divided by the water surface area.

2.

Step 2—Sand-Peat Mix

Provide a minimum of a 12-inch-thick layer above the base course.
3.

Step 3—Filter Layer

Provide a filter layer consisting of a thoroughly mixed American Society for Testing and
Materials (ASTM) C-33 sand and peat for filtration and adsorption of constituents.
4.

Step 4—Irrigated Vegetative

Provide a sandy loam turf layer above the sand-peat mix layer. This layer shall be no less
than 6 inches thick, but a thicker layer is recommended to promote healthier vegetation.

5.6

Extended Detention Basin

5.6.1

Description

An extended detention basin is a sedimentation basin designed to totally drain dry over an
extended time after storm water runoff ends. It is an adaptation of a detention basin used
for flood control. The primary difference is in the outlet design. The extended detention
basin uses a much smaller outlet that extends the draining time of the more frequently
occurring runoff events to facilitate pollutant removal. The extended detention basin’s drain
time for the brim-full WQCV (that is, time to fully evacuate the design capture volume) of
40 hours is recommended to remove a significant portion of fine particulate pollutants
found in urban storm water runoff.
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Soluble pollutant removal can be somewhat enhanced by providing a small wetland marsh
or ponding area in the basin’s bottom to promote biological uptake. The basins are
considered to be “dry” because they are designed not to have a significant permanent pool
of water remaining between storm water runoff events. However, an extended detention
basin may develop wetland vegetation and, sometimes, shallow pools in the bottom
portions of the facilities.

5.6.2

General Application

An extended detention basin can be used to enhance storm water runoff quality and reduce
peak storm water runoff rates. If these basins are constructed early in the development
cycle, they also can be used to trap sediment from construction activities within the
tributary drainage area. The accumulated sediment, however, will need to be removed after
upstream land disturbances cease and before the basin is placed into final long-term use.
Also, an extended detention basin can sometimes be retrofitted into existing flood control
detention basins.
Extended detention basins can be used to improve the quality of urban runoff from roads,
parking lots, residential neighborhoods, commercial areas, and industrial sites and are
generally used for regional or follow-up treatment. They also can be used as an onsite BMP
and work well in conjunction with other BMPs, such as upstream onsite source controls and
downstream infiltration/filtration basins or wetland channels. If desired, a flood routing
detention volume can be provided above the WQCV of the basin.

5.6.3

General Properties

General
An extended detention basin can be designed to provide other benefits such as recreation
and open space opportunities in addition to reducing peak runoff rates and improving
water quality. They are effective in removing particulate matter and associated heavy metals
and other pollutants. As with other BMPs, safety issues need to be addressed through
proper design.

Physical Site Suitability
Normally, the land required for an extended detention basin is about 0.5 to 2.0 percent of
the total tributary development area. In high groundwater areas, instead consider the use of
retention ponds to avoid many of the problems that can occur when the extended detention
basin’s bottom is located below the seasonal high water table. Soil maps should be
consulted, and soil borings may be needed to establish design geotechnical parameters.

Pollutant Removal
Removal of suspended solids and metals can be moderate to high, and removal of nutrients
is low to moderate. The removal of nutrients can be improved when a small shallow pool or
wetland is included as part of the basin’s bottom or the basin is followed by BMPs more
efficient at removing soluble pollutants, such as a filtration system or constructed wetlands.
The major factor controlling the degree of pollutant removal is the emptying time provided
by the outlet. The rate and degree of removal also will depend on influent particle sizes.
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Metals, oil, grease, and some nutrients have a close affinity for suspended sediment and will
be removed partially through sedimentation.

Aesthetics and Multiple Uses
Since an extended detention basin is designed to drain very slowly, its bottom and lower
portions will be inundated frequently for extended periods of time. Grasses in this
frequently inundated zone will tend to die off, with only the species that can survive the
specific environment at each site prevailing. In addition, the bottom will be the depository
of all the sediment that settles out in the basin. As a result, the bottom can be muddy and
may have an undesirable appearance. To reduce this problem and to improve the basin’s
availability for other uses (such as open space, habitat, and passive recreation), the designer
should provide a lower-stage basin as suggested in the Two-Stage Design procedure. As an
alternative, a retention pond could be used, in which the settling occurs primarily within the
permanent pool.

Design Considerations
Whenever desirable and feasible, incorporate the extended detention basin within a larger
flood control basin. Whenever possible, try to provide for other urban uses such as passive
recreation and wildlife habitat. If multiple uses are being contemplated, consider the
multiple-stage detention basin to limit inundation of passive recreational areas to one or two
occurrences a year. Generally, the area within the WQCV is not well suited for active
recreation facilities such as ballparks, playing fields, and picnic areas. These are best located
above the WQCV pool level. Standard Drawing 5 (Attachment 1) shows a representative
layout of an extended detention basin.
Example perforated outlet and trash rack configurations are illustrated in Standard
Drawings 4, 6, and 7 (Attachment 1). One or more perforated columns on a perforated
orifice plate integrated into the front of the outlet can be used. Other types of outlets also
may be used, provided they control the release of the WQCV in a manner consistent with
the drain time requirements.
Although the soil types beneath the pond seldom prevent the use of this BMP, they should
be considered during design. Any potential exfiltration capacity should be considered a
short-term characteristic and ignored in the design of the WQCV because exfiltration will
decrease over time as the soils clog with fine sediment and as the groundwater beneath the
basin develops a mound that surfaces into the basin.
High groundwater should not preclude the use of an extended detention basin.
Groundwater, however, should be considered during design and construction, and the
outlet design must account for any upstream base flows that enter the basin or that may
result from groundwater surfacing within the basin itself.
Stable, all-weather access to critical elements of the pond, such as the inflow area, outlet,
spillway, and sediment collection areas, must be provided for maintenance purposes.

5.6.4

Maintenance Requirements

Maintenance requirements for the extended detention basin are provided in Exhibit 14.
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EXHIBIT 14

Extended Detention Basin Maintenance Considerations
Required Action

Maintenance Objective

Frequency of Action

Lawn mowing and
lawn care

Occasional mowing to limit unwanted
vegetation. Maintain irrigated turf grass as 2 to
4 inches tall and non-irrigated native turf
grasses at 4 to 6 inches.

Routine—depending on aesthetic
requirements.

Debris and litter
removal

Remove debris and litter from the entire pond
to minimize outlet dogging and improve
aesthetics.

Routine—including just before annual
storm seasons (that is, April and May) and
following significant rainfall events.

Erosion and
sediment control

Repair and revegetate eroded areas in the
basin and channels.

Nonroutine—periodic and repair as
necessary based on inspection.

Structural

Repair pond inlets, outlets, forebays, low-flow
channel liners, and energy dissipaters
whenever damage is discovered.

Nonroutine—repair as needed based on
regular inspections.

Inspections

Inspect basins to insure that the basin
continues to function as initially intended.
Examine the outlet for clogging, erosion,
slumping, excessive sedimentation levels,
overgrowth, embankment and spillway integrity,
and damage to any structural element.

Routine—annual inspection of hydraulic
and structural facilities. Also check for
obvious problems during routine
maintenance visits, especially for plugging
of outlets.

Nuisance control

Address odor, insects, and overgrowth issues
associated with stagnant or standing water in
the bottom zone.

Nonroutine—handle as necessary per
inspection or local complaints.

Sediment removal

Remove accumulated sediment from the
forebay, micropool, and the bottom of the
basin.

Nonroutine—performed when sediment
accumulation occupies 20 percent of the
WQCV. This may vary considerably, but
expect to do this every 10 to 20 years, as
necessary per inspection if no construction
activities take place in the tributary
watershed. More often if they do. The
forebay and the micropool will require
more frequent cleanout than other areas of
the basin, such as every 1 or 2 years.

Source: Urban Drainage and Flood Control District

5.6.5

Design Procedure and Criteria

The following steps outline the design procedure and criteria for an extended detention basin.
1. Step 1—Detention Pond Storage Volume
Provide a storage volume equal to 120 percent of the WQCV based on a 40-hour drain
time, above the lowest outlet (that is, perforation) in the basin. The additional 20 percent
of storage volume provides for sediment accumulation and the resultant loss in storage
volume.
Find the required storage volume (watershed inches of runoff). Determine the required
WQCV (watershed inches of runoff) using Exhibit 13, based on the extended detention
basin’s 40-hour drain time. Calculate the design volume in acre-feet as follows:
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(Equation 10)

⎛ WaterQualityCaptureVolume ⎞
Design Volume = ⎜
⎟ ∗ Area ∗ 1.2
12
⎝
⎠
In which:

2.

Area

= The watershed area tributary to the extended detention
pond (acres)

1.2 factor

= Multiplier of 1.2 to account for the additional 20 percent of
required storage for sediment accumulation

Step 2—Outlet Control
The outlet controls are to be designed to release the WQCV (that is, not the “design
volume”) over a 40-hour period, with no more than 50 percent of the WQCV being
released in 12 hours. For a perforated outlet, calculate the required flow area and
use Exhibit 15 to determine appropriate perforation dimensions. The total outlet
area can be calculated by multiplying the area per row by the number of rows. The
vertical spacing between hole centerlines should be 4 inches, and the lowest
perforations should be set at the water surface elevation of the outlet micropool.

3.

Step 3—Trash Rack
Provide a trash rack of sufficient size to prevent clogging of the primary water
quality outlet. Size the rack so as not to interfere with the hydraulic capacity of the
outlet. Using the total outlet area and the selected perforation diameter (or height),
Exhibit 16 will help to determine the minimum open area required for the trash
rack. If a perforated vertical plate or riser is used, use one-half of the total outlet area
to calculate the trash rack’s size. This accounts for the variable inundation of the
outlet orifices. The spacing of trash rack bars must be proportioned to the size of the
smallest orifice protected. Standard Drawings 4, 6, and 7 (Attachment 1) illustrate a
suggested standardized outlet design for smaller sites. Trash racks for the 2-year
and 100-year outlet should be sized using the guidelines provided for the water
quality outlet above.

4.

Step 4—Basin Shape
Shape the pond whenever possible with a gradual expansion from the inflow area
and a gradual contraction toward the outlet, thereby minimizing short-circuiting.
The basin length-to-width ratio between the inflow area and the outlet should be
between 2:1 and 3:1, with the larger being preferred. It may be necessary to modify
the inflow and outlet points using pipes, swales, or channels to accomplish this.
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** Minimum column hole centerline spacing

EXHIBIT 15

WQCV Outlet Orifice
Perforation Sizing
Watertown Post-Construction Manual
WB032008013MKE Exhibit_15_WQCV_Outlet_Orifice_v1 03-21-08 sls
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EXHIBIT 13

Minimum Trash Rack Open
Area—Extended Range
Watertown Post-Construction Manual
WB032008013MKE Exhibit_13_Trash_Rack_Open_Area_v1 03-21-08 sls
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5. Step 5—Two-Stage Design
A two-stage design with a pool that fills often with frequently occurring runoff
minimizes standing water and sediment deposition in the remainder of the basin. The
two stages are as follows:
•

Top Stage: The top stage should be 2 or more feet deep with its bottom sloped at
2 percent toward the low-flow channel.

•

Bottom Stage: The active storage basin of the bottom stage should be 1.5 to 3 feet
deeper than the top stage and store 5 to 15 percent of the WQCV. Provide a
micropool below the bottom active storage volume of the lower stage at the outlet
point. The pool should be one-half the depth of the upper WQCV depth or 2.5 feet,
whichever is larger.

6. Step 6—Low-Flow Channel
A low-flow channel conveys low flows from the forebay to the bottom stage. Erosion
protection should be provided where the low-flow channel enters the bottom stage.
Lining the low-flow channel with riprap or other approved stabilization technique is
recommended. Make it at least 9 inches deep; at a minimum provide capacity equal to
twice the release capacity at the upstream forebay outlet.
7. Step 7—Basin Side Slopes
Basin side slopes should be stable and gentle to facilitate maintenance and access. Side
slopes shall be no steeper than 4:1.
8. Step 8—Dam Embankment
The embankment should be designed not to fail during a 100-year or larger storm.
Embankment slopes should be no steeper than 4:1, and planted with turf-forming
grasses. Poorly compacted native soil should be excavated and replaced. Embankment
soil should be compacted to at least 95 percent of its maximum density according to
ASTM D698-70 (Modified Proctor). An emergency overflow channel through the
embankment to convey the 100-year peak inflow rate should be provided.
9. Step 9—Vegetation
Bottom vegetation provides erosion control and sediment entrapment. Pond bottom,
berms, and side sloping areas may be planted with native grasses or with irrigated turf,
depending on the local setting.
10. Step 10—Maintenance Access
Paved access to the bottom, forebay, and outlet controls area shall be provided for
maintenance vehicles and equipment. Maximum grades shall be 7 percent.
11. Step 11—Inflow Point
Dissipate flow energy at the pond’s inflow points to limit erosion and promote particle
sedimentation.
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12. Step 12—Forebay Design
Provide the opportunity for larger particles to settle out in the inflow area, the area that
has a solid surface bottom, to facilitate mechanical sediment removal. A rock berm
should be constructed between the forebay and the main extended detention basin. The
forebay volume of the permanent pool should be 5 to 10 percent of the design WQCV. A
pipe throughout the berm to convey water to the extended detention basin should be
offset from the inflow streamline to prevent short-circuiting and should be sized to drain
the forebay volume in 5 minutes.
13. Step 13—Flood Storage
Combining the water quality facility with a flood control facility is recommended. The
2- and 100-year or other floods may be detained above the WQCV. See Section 5.4,
Incorporating Stormwater Quantity Control into WQCV Basins, for further guidance.
14. Step 14—Multiple Uses
Whenever desirable and feasible, incorporate the extended detention basin within a
larger flood control basin. Also, whenever possible, try to provide for other urban uses
such as active or passive recreation and wildlife habitat. If multiple uses are being
contemplated, use the multiple-stage detention basin to limit inundation of passive
recreational areas to one or two occurrences a year., The area within the WQCV is not
well suited for active recreation facilities such as ballparks, playing fields, and picnic
areas. These recreational facilities are best located above the extended detention basin
level.

5.7

Constructed Wetlands Basin

5.7.1

Description

A constructed wetlands basin is a shallow retention pond that requires a perennial base flow
to permit the growth of rushes, willows, cattails, and reeds to slow down runoff and allow
time for sedimentation, filtering, and biological uptake.
Constructed wetlands basins differ from “natural” wetlands as they are totally human
artifacts that are built to enhance storm water quality. Sometimes, small wetlands that exist
along ephemeral drainage ways could be enlarged and incorporated into the constructed
wetland system. Such action, however, requires the approval of federal and state regulators.

5.7.2

General Application

A constructed wetlands basin can be used as a follow-up structural BMP in a watershed, or
as a stand-alone onsite facility if the owner provides sufficient water to sustain the wetland.
Flood control storage can be provided above the constructed wetlands basin’s WQCV pool
to act as a multi-use facility.
A constructed wetlands basin requires a net influx of water to maintain its vegetation and
microorganisms. A complete water budget analysis is necessary to assure the adequacy of
the base flow.
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The basic formula for the water budget is as follows:

ΔS / Δt = Qi − Qo
where:

ΔS / Δt
Qi
QO

(Equation 11)

= the change in storage volume per change in time
= the flow rate of water entering the wetland, vol/time
= the flow rate of water leaving the wetland, vol/time

Equation 11 translates into the following equations where all values are given in consistent
units of volume per unit time unless otherwise specified:
For water entering a wetland, the formula is:
(Equation 12)
Qi = P + Ri + Bi + GI
where:
P
RI
BI
GI

= Direct precipitation on impoundment area
= Storm water runoff from contributing drainage area
= Base flow entering the wetlands
= Seepage and springs from ground water sources

For water leaving, the formula is:
(Equation 13)
QO = E + T + RO + BO + GO
where:
E
T
RO
BO
GO

= Evaporation from surface
= Transpiration from plants
= Storm water outflow
= Base flow leaving the wetlands
= Deep percolation below the root zone of the substrate

To assure adequate base flow using the water budget analysis, the value of all variables
should be determined and the net influx of water (QI – QO) must be greater than the change
in storage volume divided by change in storage time.

5.7.3

General Properties

General
A constructed wetlands basin offers several potential advantages, such as natural aesthetic
qualities, wildlife habitat, erosion control, and pollutant removal. It also can provide an
effective follow-up treatment to onsite and source control BMPs that rely on settling of
larger sediment particles. In other words, it offers yet another effective structural BMP for
larger tributary catchments.
The primary drawback of the constructed wetlands basin is the need for a continuous base
flow to assure viable wetland growth. In addition, silt and scum can accumulate, and unless
properly designed and built, can be flushed out during larger storms. In addition, in order
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to maintain a healthy wetland growth, the surcharge depth for WQCV above the permanent
water surface cannot exceed 2 feet.
Along with routine good housekeeping maintenance, occasional cleaning will be required
when sediment accumulations become too large and affect performance. Periodic sediment
removal also is needed for proper distribution of growth zones and of water movement
within the wetland.

Physical Site Suitability
A perennial base flow is needed to sustain a wetland and should be determined using a
water budget analysis. Loamy soils are needed in a wetland bottom to allow plants to take
root. Exfiltration through a wetland bottom cannot be relied upon because either the bottom
is covered by soils of low permeability or the groundwater is higher than the wetland’s
bottom. Also, wetland basins require a near-zero longitudinal slope, which can be provided
using embankments.

Pollutant Removal
Reported removal efficiencies of constructed wetlands vary significantly. Primary variables
influencing removal efficiencies include design, influent concentrations, hydrology, soils,
climate, and maintenance. With periodic sediment removal and routine maintenance, removal
efficiencies for sediments, organic matter, and metals can be moderate to high; for
phosphorous, low to high; and for nitrogen, zero to moderate. Pollutants are removed
primarily through sedimentation and entrapment, with some of the removal occurring through
biological uptake by vegetation and microorganisms. Without a continuous dry-weather base
flow, salts and algae can concentrate in the water column and can be released into the receiving
water in higher levels at the beginning of a storm event as they are washed out.

Design Considerations
Standard Drawing 8 (Attachment 1) illustrates an idealized constructed wetlands basin. An
analysis of the water budget is needed to show the net inflow of water is sufficient to meet
all the projected losses (such as evaporation, evapotranspiration, and seepage for each
season of operation). Insufficient inflow can cause the wetland to become saline or to die off.

5.7.4

Maintenance Requirements

Typical maintenance requirements for wetland BMPs include the items listed in Exhibit 17.
EXHIBIT 17

Constructed Wetlands Maintenance Considerations
Required Action

Maintenance Objective

Frequency of Action

Lawn mowing and lawn
care

Mow occasionally to limit unwanted
vegetation. Maintain irrigated turf grass
at 2 to 4 inches tall and non-irrigated
native turf grasses at 4 to 6 inches.

Routine—depending on aesthetic
requirements.

Debris and litter removal

Remove debris and litter from entire
pond to minimize outlet clogging and
aesthetics. Include removal of floatable
material from the pond’s surface.

Routine —including just before annual
storm seasons (that is, in April and
May) and following significant rainfall
events.
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EXHIBIT 17

Constructed Wetlands Maintenance Considerations
Required Action

Maintenance Objective

Frequency of Action

Sediment removal

Remove accumulated sediment and
muck along with much of the wetland
growth. Re-establish growth zone depths
and spatial distribution. Revegetate with
original wetland species.

Nonroutine—every 10 to 20 years as
needed by inspection if no construction
activities take place in the tributary
watershed. More often if they do.
Expect to clean out forebay every 1 to
5 years.

Aquatic plant harvesting

Cut and remove plants growing in
wetland (such as cattails and reeds) to
remove nutrients permanently with
manual work or specialized machinery.

Nonroutine until further evidence
indicates such action would provide
significant nutrient removal. In the
meantime, perform this task once
every 5 years or less frequently as
needed to clean the wetland zone out.

Inspections

Observe inlet and outlet works for
operability. Verify the structural integrity
of all structural elements, slopes, and
embankments.

Routine—at least once a year,
preferably once during one rainfall
event resulting in runoff.

Source: Urban Drainage and Flood Control District

5.7.5

Design Procedure and Criteria

The following steps outline the design procedure for a constructed wetlands basin.
1. Step 1—Basin Surcharge Storage Volume
Provide a surcharge storage volume equal to the WQCV based on a 24-hour drain time,
above the lowest outlet (that is, perforation) in the basin.
Calculate the required WQCV.
Find the required storage surcharge volume (watershed inches of runoff) above the
permanent pool level. Determine the required storage (watershed inches of runoff) using
Exhibit 13, based on the constructed wetland basin 24-hour drain time.
Calculate the surcharge volume in acre-feet as follows:
(Equation 14)

⎛ WaterQualityCaptureVolume ⎞

Design Surcharge Volume = ⎜

⎝

12

⎟ ∗ Area
⎠

In which:
Area
2.

= The tributary drainage area tributary to the constructed wetlands
basin (acres).

Step 2—Wetland Pond Depth and Volume
The volume of the permanent wetland pool shall be no less than 75 percent of the
WQCV found in Step 1.
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Proper distribution of wetland habitat is needed to establish a diverse ecology.
Distribute pond area in accordance with Exhibit 18.
3.

Step 3—Depth of Surcharge
The surcharge depth of the WQCV above the permanent pool’s WQCV water
surface shall not exceed 2.0 feet.

4.

Step 4—Outlet Control
Provide outlet controls that limit WQCV depth to 2 feet or less. Use a water quality
outlet that is capable of releasing the WQCV in no less than a 24-hour period.
For a perforated outlet, calculate the required flow area and use Exhibit 15 to
determine appropriate perforation dimensions. The total outlet area can be
calculated by multiplying the area per row by the number of rows. The vertical
spacing between hole centerlines should be 4 inches, and the lowest perforations
should be set at the water surface elevation of the outlet micropool.

5.

Step 5—Trash Rack
Provide a trash rack of sufficient size to prevent clogging of the primary water
quality outlet. Size the rack so as not to interfere with the hydraulic capacity of the
outlet. Using the total outlet area and the selected perforation diameter (or height),
Exhibit 16 will help to determine the minimum open area required for the trash
rack. If a perforated vertical plate or riser is used, use one-half of the total outlet area
to calculate the trash rack’s size. This accounts for the variable inundation of the
outlet orifices. The spacing of trash rack bars must be proportioned to the size of the
smallest orifice protected. Standard Drawings 4, 6, and 7 (Attachment 1) illustrate a
suggested standardized outlet design for smaller sites. Trash racks for the 2-year
and 100-year outlet should be sized using the guidelines provided for the water
quality outlet above.

6. Step 6—Basin Use
Determine if flood storage or other uses will be provided for above the wetland
surcharge storage or in a separate facility. Design for combined uses when they are to be
provided.
7. Step 7—Basin Shape
Shape the pond with a gradual expansion from the inflow and a gradual contraction to
the outlet, thereby limiting short-circuiting. The basin length-to-width ratio between the
inflow area and outlet should be 2:1 to 4:1, with 3:1 recommended. It may be necessary
to modify the inflow area and outlet point using pipes, swales, or channels to
accomplish this.
8. Step 8—Basin Side Slopes
Basin side slopes are to be stable and gentle to facilitate maintenance and access needs.
Side slopes should be no steeper than 4:1.
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9. Step 9—Base Flow
A net influx of water that exceeds all of the losses must be available throughout the year.
The following equation and parameters can be used to estimate the net quantity of base
flow available at a site:
Qnet = QInflow − QEvap − QSeepage − QE .T .

(Equation 15)

Where:
QNet

= Net quantity of base flow (acre-feet/year)

QInflow

= Estimated base flow (acre-feet/year) (estimate by seasonal
measurements and/or comparison to similar watersheds)

QEvap

= Loss attributed to evaporation less the precipitation (acrefeet/year) (computed for average water surface)

QSeepage

= Loss (or gain) attributed to seepage to groundwater (acrefeet/year)

QE.T.

= Loss attributed to plant evapotranspiration (computed for
average plant area above water surface, not including the
water surface)

10. Step 10—Inflow Area and Outlet Protection
Provide a means to dissipate flow energy entering the basin to limit sediment
resuspension. Outlets should be placed in an offbay that is at least 3 feet deep. The outlet
should be protected from clogging by a skimmer shield that starts at the bottom of the
permanent pool and extends above the maximum capture volume depth. Also, provide
for a trash rack.
11. Step 11—Forebay Design
Provide the opportunity for larger particles to settle out in an area that has a solid
driving surface bottom for vehicles to facilitate sediment removal. The forebay volume
of the permanent pool should be 5 to 10 percent of the design WQCV.
12. Step 12—Vegetation
Cattails, sedges, reeds, and wetland grasses should be planted in the wetland bottom.
Berms and side-sloping areas should be planted with native or irrigated turf-forming
grasses. Initial establishment of the wetlands requires control of the water depth. After
planting wetland species, the permanent pool should be kept at 3 to 4 inches to allow
growth and to help establish the plants, after which the pool should be raised to its final
operating level.
13. Step 13—Dam Embankment
The embankment should be designed not to fail during a 100-year or larger storm.
Embankment slopes should be no steeper than 4:1 and planted with turf-forming
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grasses. Poorly compacted native soil should be excavated and replaced. Embankment
soil should be compacted to at least 95 percent of its maximum density according to
ASTM D698-70 (Modified Proctor). An emergency overflow channel through the
embankment to convey the 100-year peak inflow rate should be provided.
14. Step 14—Maintenance Access
Paved vehicle access to the forebay and outlet area must be provided for maintenance
and removal of bottom sediments. Maximum grades shall not exceed 7 percent.
EXHIBIT 18

Wetland Pool Area Distribution
Components

Percent of Permanent Pool
Surface Area (%)

Forebay, outlet, and free water surface areas

30 to 50

2 to 4 feet deep

Wetland zones with emergent vegetation

56 to 70

6 to 12 inches deep*

Water Design Depth

*One-third to one-half of this zone should be 6 inches deep.
Source: Urban Drainage and Flood Control District

5.8

Retention Pond

5.8.1

Description

A retention pond is a sedimentation facility that has a permanent pool of water that is
replaced with storm water, in part or in total, during storm water runoff events. In addition,
a temporary detention volume is provided above this permanent pool to capture storm
water runoff and enhance sedimentation. Retention ponds are similar to extended detention
basins because they are designed to capture in total, as a surcharge to the pond, runoff from
frequently occurring storms. However, retention ponds differ from extended detention
basins because the influent water mixes with the permanent pool water as it rises above the
permanent pool level. The surcharge captured volume above the permanent pool is then
released over 12 hours.
Retention ponds require a dry-weather base flow to maintain the permanent pool. They can
be very effective in removing pollutants, and, under the proper conditions, can satisfy
multiple objectives.

5.8.2

General Application

A retention pond can be used to improve the quality of urban runoff from roads, parking
lots, residential neighborhoods, commercial areas, and industrial sites and is generally used
as regional or follow-up treatment because of the base flow requirements. It can be used as
an onsite BMP if the owner provides sufficient water to keep the pond full between storms.
A retention pond works well in conjunction with other BMPs, such as upstream onsite
source controls or downstream filter basins.
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5.8.3

General Properties

General
A retention pond provides the following benefits:
•
•
•
•

Moderate to high removal rates of many urban pollutants
Wildlife habitat opportunities
Recreation, aesthetics, and open space opportunities
Part of a larger flood control basin

Their primary drawbacks include safety concerns; more difficult maintenance and sediment
removal than for extended detention basins; floating litter, scum, and algal blooms; possible
nuisance odors; and possible mosquito problems. Aquatic plant growth can be a factor in
clogging outlet controls. The permanent pool can attract waterfowl, which can add to the
nutrient load entering and leaving the pond.

Physical Site Suitability
Although site suitability concerns are similar to those stated for an extended detention
basin, a retention pond has one primary difference—it requires sufficient continuous base
flow to maintain the pool. A complete water budget under the projected urbanized
watershed conditions should be performed to assure that the base flow will exceed
evaporation, evapotranspiration, and seepage losses.

Pollutant Removal
A retention pond achieves moderate to high removal rates for particulate matter through
sedimentation during and shortly after the runoff event. During a storm event, part or all of
the permanent pool water is displaced and the pool becomes a mixture of the former pool
water and new runoff. The period between storms allows biological uptake of soluble
nutrients and metals from the water column in the permanent pool while also providing
time for quiescent settling of fine sediment particles that remain in the pool after a storm.
Some of the sediment can resuspend and soluble compounds can remobilize if a large storm
event causes intense mixing or when unfavorable chemical conditions exist in the pool (such
as low dissolved oxygen [DO] or pH). Also, algal growth and other biological activity can
produce suspended solids and increased concentrations of certain forms of phosphates and
nitrogen compounds in dry-weather base flow discharges from the pond.
Without a sufficient continuous base flow, a wet pond can concentrate levels of salts and
algae between storm events through evaporation. Besides contributing to nuisance
problems, the water quality of the pool is very important. A storm event will displace any
concentrated pond water, and in some instances, can result in discharges of water with
pollutant concentrations exceeding the inflow—exactly the opposite of the intent for
providing this BMP.

Aesthetics and Multiple Uses
A retention pond offers improved aesthetics and multiple uses beyond those typically found
at an extended detention basin. The bulk of the capture volume occurs as a surcharge above
the permanent pool, with some of it occurring above the dry-weather bank areas. As a

MKE/062570003

63

POST-CONSTRUCTION STORM WATER BEST MANAGEMENT PRACTICES MANUAL

result, most of the sediment deposits are left behind within the permanent pool zone, where
they are not seen by the public. Also, the permanent pool offers some aquatic habitat and is
a habitat for waterfowl. However, waterfowl can be a nuisance because of the fecal matter
they deposit on the banks and in the pool.

5.8.4

Maintenance Requirements

Maintenance requirements for the retention pond are similar to those for the extended
detention basin found in Exhibit 14.

5.8.5

Design Considerations

The required total basin design volume of a retention pond facility includes the volume
needed for a permanent pool (greater than or equal to WQCV) plus a WQCV as a surcharge
above the permanent pool. If desired, a flood routing detention volume can be provided
above the WQCV.
Whenever desirable and feasible, incorporate the retention pond within a larger flood
control basin. Also, whenever possible, try to provide for other urban uses such as active or
passive recreation and wildlife habitat. Try to locate recreational areas to limit the frequency
of inundation to one or two occurrences a year. Generally, the area within the WQCV is not
well suited for active recreation facilities such as ballparks, playing fields, and picnic areas.
These should be located above this pool level.
High exfiltration rates can initially make it difficult to maintain a permanent pool in a new
retention pond, but the bottom can eventually seal with fine sediment and become relatively
impermeable over time. It is best, however, to seal the bottom and the sides of a permanent
pool if it is located on permeable soils and to leave the areas above the permanent pool
unsealed to promote exfiltration of the storm water detained in the surcharge WQCV.
There are two primary differences in design between a retention pond and an extended
detention basin:
•

The retention pond requires a base flow to maintain and to flush a permanent pool.

•

A retention pond is designed to empty the surcharge WQCV over a 12-hour period,
instead of the longer 40 hours needed for an extended detention basin because the
sediment removal process is more efficient when the outflow occurs above the bottom of
the basin. Sediments become trapped below the outlet, and sedimentation continues in
the pool after the captured surcharge volume is emptied.

Standard Drawing 9 (Attachment 1) shows a representative layout for a retention pond.
Although flood storage has not been addressed in these recommendations for the same
reasons mentioned under extended detention basins, it can be easily provided for above the
surcharge WQCV. Embankment and safety design considerations for a retention pond are
identical to those discussed for an extended detention basin, except more attention should
be given to cutoff collars on the outlet pipe to safeguard against piping along the outlet.
The amount of construction activity within a basin, the erosion control measures
implemented, and the size of the basin will influence the frequency of sediment removal
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from the pond. It is estimated that accumulated sediment will need to be removed at 5- to
20-year intervals if there are no construction activities within the tributary catchment.

5.8.6

Design Procedure and Criteria

The following steps outline the design procedure and criteria for a retention pond.
1. Step 1—Basin Surcharge Storage Volume
Find the required storage surcharge volume (watershed inches of runoff). Determine the
required WQCV in watershed inches of runoff using Exhibit 13, based on the retention
pond 12-hour drain time. The WQCV is the surcharge volume above the permanent
pool. Calculate the design surcharge volume in acre-feet as follows:
(Equation 16)

⎛ WaterQualityCaptureVolume I
⎜
12
⎝

Design Surcharge Volume = ⎜

⎞
⎟ ∗ Area
⎟
⎠

In which:
WaterQualityCaptureVolume = Water quality capture volume from Exhibit
13 in watershed inches
Area

=

The drainage area tributary to the retention pond (acres)

2. Step 2—Permanent Pool
The permanent pool provides storm water quality enhancement between storm water
runoff events through biochemical processes and continuing sedimentation.
Volume of the permanent pool:
Permanent Pool = 1.0 to 1.5 (WaterQualityCaptureVolume)

3. Step 3—Depth Zones
The permanent pool shall have two depth zones:
•

A littoral zone 6 to 12 inches deep that is between 25 to 40 percent of the permanent
pool surface area for aquatic plant growth along the perimeter of the permanent
pool.

•

A deeper zone of 4 to 8 feet average depth in the remaining pond area to promote
sedimentation and nutrient uptake by phytoplankton. The maximum depth in the
pond shall not exceed 12 feet.

4. Step 4—Base Flow
A net influx of water must be available through a perennial base flow and must exceed
the losses. The following equation and parameters can be used to estimate the net
quantity of base flow available at a site:
(Equation 17)
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QNet = QInflow – QEvap – QSeepage – QE.T.
In which:
Qnet

= Net quantity of base flow (acre-feet/year)

Qinflow

= Estimated base flow (acre-feet/year) (estimate by seasonal
measurements and/or comparison to similar watersheds)

Qevap

= Loss because of evaporation less the precipitation
(acre-feet/year) (computed for average water surface)

QSeepage

= Loss (or gain) because of seepage to groundwater
(acre-feet/year)

QE.T.

= Loss because of plant evapotranspiration
(additional loss through plant area above water surface not
including the water surface)

5. Step 5—Outlet Control
Provide outlet controls that limit WQCV depth to 2 feet or less. Use a water quality
outlet that is capable of releasing the WQCV in no less than a 12-hour period.
For a perforated outlet, calculate the required flow area and use Exhibit 15 to determine
appropriate perforation dimensions. The total outlet area can be calculated by
multiplying the area per row by the number of rows. The vertical spacing between hole
centerlines should be 4 inches and the lowest perforations should be set at the water
surface elevation of the outlet micropool.
6. Step 6—Trash Rack
Provide a trash rack of sufficient size to prevent clogging of the primary water quality
outlet. Size the rack so as not to interfere with the hydraulic capacity of the outlet. Using
the total outlet area and the selected perforation diameter (or height), Exhibit 16 will
help to determine the minimum open area required for the trash rack. If a perforated
vertical plate or riser is used, use one-half of the total outlet area to calculate the trash
rack’s size. This accounts for the variable inundation of the outlet orifices. The spacing of
trash rack bars must be proportioned to the size of the smallest orifice protected.
Standard Drawings 4, 6, and 7 (Attachment 1) illustrate a suggested standardized outlet
design for smaller sites. Trash racks for the 2-year and 100-year outlet should be sized
using the guidelines provided for the water quality outlet above.
7. Step 7—Basin Slope
Shape the pond with a gradual expansion from the inflow area and a gradual
contraction toward the outlet, thereby limiting short-circuiting. The basin length-towidth ratio between the inflow area and outlet should be between 2:1 and 3:1, with the
larger being preferred. It may be necessary to modify the inflow area and outlet point
using pipes, swales, or channels to accomplish this.
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8. Step 8—Basin Side Slopes
Side slopes should be stable and sufficiently gentle to limit channel erosion and to
facilitate maintenance. Side slopes above the permanent pool should be no steeper than
4:1. The littoral zone should be very flat (that is, 40:1 or flatter) with the depth ranging
from 6 inches near the shore and extending to no more than 12 inches at the furthest
point from the shore. The side slope below the littoral zone shall be 3:1 or flatter.
9. Step 9—Dam Embankment
The embankment should be designed not to fail during a 100-year or larger storm.
Embankment slopes should be no steeper than 4:1 and covered with turf-forming
grasses to limit erosion. Poorly compacted native soil should be removed and replaced.
Embankment soil should be compacted to 95 percent of its maximum density according
to ASTM D698-70 (Modified Proctor). An emergency overflow channel through the
embankment to convey the 100-year peak inflow rate should be provided.
10. Step 10—Vegetation
Vegetation provides erosion control and enhances site stability. Berms and side-sloping
areas should be planted with native turf-forming grasses or irrigated turf, depending on
the local setting and proposed uses for the pond area. The shallow littoral bench should
have a 4- to 6-inch organic topsoil layer and be vegetated with aquatic species.
11. Step 11—Maintenance Access
Vehicle access to the basin bottom, forebay, and outlet area must be provided for
maintenance and removal of bottom sediments. Maximum grades should not exceed
10 percent, and a stabilized, all-weather driving surface capable for use by maintenance
equipment shall be provided. If conditions warrant, a gravel or hard surface shall be
provided.
12. Step 12—Inflow Area
Dissipate flow energy at the inflow area to limit erosion and to diffuse the inflow plume
where it enters the pond.
13. Step 13—Forebay Design
To provide an opportunity for larger particles to settle out, install an area that has a solid
driving surface bottom to facilitate sediment removal. A berm consisting of a rock and
topsoil mixture should be part of the littoral bench to create the forebay and have a
minimum top width of 8 feet and side slopes no steeper than 4:1. The forebay volume of
the permanent pool should be 5 to 10 percent of the design WQCV.
14. Step 14—Underdrains
Provide underdrain trenches near the edge of the pond. The trenches should be no less
than 12 inches wide, filled with ASTM C-33 sand to within 2 feet of the ponds
permanent pool water surface, and with an underdrain pipe connected through a valve
to the outlet. These underdrains will permit the pond to be dried out when it has to be
cleaned out to restore volume lost due to sediment deposition.

MKE/062570003

67

POST-CONSTRUCTION STORM WATER BEST MANAGEMENT PRACTICES MANUAL

5.9

Acknowledgement

The descriptions of the BMPs contained in this chapter were adapted from descriptions of
BMPs found in the Urban Drainage and Flood Control District (Colorado) Drainage Criteria
Manual Volume 3 and the City of Sioux Falls Chapter 11 Drainage Improvements.
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6. Maintenance Plans
6.1

General

Maintenance plans shall be submitted with all construction plans and included in the
subdivision agreement or master deed documents of all subdivisions. These plans shall
include the following information:
•

A copy of the final approved drainage plan for the development that delineates the
facilities and all easements, maintenance access, and buffer areas.

•

A detailed description of the procedure for both preventative and corrective
maintenance activities. Preventative maintenance shall include periodic inspections,
adjustments and replacements, and record keeping of operations and expenditures.
Inspection and Maintenance Checklists for several types of Post-construction BMPs are
included in Attachment 2, and may be used to track inspections and maintenance
activity, as appropriate.

•

The party responsible for performing each of the various maintenance activities
described, which shall be recorded with final approved plans and plats.

6.2

Maintenance Agreement

Where applicable, the property owner shall submit evidence of a legally binding agreement
with the City of Watertown for maintenance oversight of the BMP before final project
approval is granted. The Agreement shall be recorded with the Codington County Register
of Deeds contemporaneous with plat recording or issuance of a building permit. This
agreement shall outline maintenance responsibilities as described in Section 5.1 and may
require a maintenance easement to allow the City access to inspect the BMP(s) and my
include the right to perform routine maintenance as necessary to ensure proper functioning
of the storm water BMP.
The agreement shall specify the timeframe for action to address needed maintenance. If the
BMP owner does not properly obtain City authority and perform the needed maintenance,
the City can assess the costs against the property owner(s). The agreement shall meet all
requirements of the City of Watertown Stormwater Best Management Practice Development
Agreement form.
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Attachment 1

Standard Drawings

Standard Drawing 1

Applications of Grass Buffers
Watertown Post-Construction Manual
WB082006011MKE Grass_Buffers_v1 8-31-06 cae

Standard Drawing 2

Profile and Sections of a Grass Swale
Watertown Post-Construction Manual
WB082006011MKE Grass_Swale_v1 8-31-06 cae

Standard Drawing 3

Porous Landscape Detention
Watertown Post-Construction Manual
WB082006011MKE Porous_Landscape_Detention_v1 8-31-06 cae

Standard Drawing 4

Typical WQCV Outlet Structure Profiles Including
2- to 10-year and 100-yr Detention
Watertown Post-Construction Manual
WB082006011MKE Constructed_Wetland_Basin_v1 8-31-06 cae

Standard Drawing 5

Plan and Section of an Extended
Detention Basin Sedimentation Facility
Watertown Post-Construction Manual
WB082006011MKE Extended_Detention_Basin_v1 8-31-06 cae

.

.

Standard Drawing 6

Suggested WQCV Outlet
Standardized Trash Rack Design
Watertown Post-Construction Manual
WB082006011MKE WQCV_Outlet_Standardized_Trash_Rack_v1 8-31-06 cae

Standard Drawing 7

Typical WQCV Outlet Structure
Wingwall Configurations
Watertown Post-Construction Manual
WB082006011MKE Typical_WQCV_Outlet_v1 8-31-06 cae

Standard Drawing 8

Plan and Profile of a Constructed
Wetland Basin Sedimentation Facility
Watertown Post-Construction Manual
WB082006011MKE Constructed_Wetland_Basin_v1 8-31-06 cae

Standard Drawing 9

Plan and Section of a Retention
Pond—Sedimentation Facility
Watertown Post-Construction Manual
WB082006011MKE Retention_Pond_v1 8-31-06 cae

Attachment 2

Maintenance and Inspection Forms

OPEN CHANNEL MAINTENANCE INSPECTION FORM
Facility Number:

Date:

Subdivision Name:

Watershed:

Weather:

Time:

Inspector(s):

Date of Last Rainfall:

Amount:

Inches

Streets:

Mapbook Location:

GPS Coordinates:
Residential 9

Property Classification:

Type of Practice (as designed):

Government 9

Dry Swale 9

As-built Plan Available?

Yes 9

No 9

Is Facility Inspectable?

Yes 9

No 9

Wet Swale 9

Commercial 9

Other:

Grass Channel 9

Comments Specific Location(s):

Why?

Scoring Breakdown:
N/A = Not Applicable

1 = Monitor (potential for future problem exists)

N/I = Not Investigated

2 = Routine Maintenance Required

0

3 = Immediate Repair Necessary

= Not a Problem

*

Use open space in each section to further
explain scoring as needed

1. Culverts
Debris

N/A

N/I

0

1

2

3

Metal corrosion

N/A

N/I

0

1

2

3

Metal protective material

N/A

N/I

0

1

2

3

Metal misalignment or split seams / joints

N/A

N/I

0

1

2

3

Leaks

N/A

N/I

0

1

2

3

Concrete / masonry major spalling (exposed rebar)

N/A

N/I

0

1

2

3

Concrete / masonry minor spalling or parging (< 1”)

N/A

N/I

0

1

2

3

Concrete / masonry joint failure

N/A

N/I

0

1

2

3

Concrete / masonry watertight

N/A

N/I

0

1

2

3

2. Soil / Filter Material
Depth and material of layers

Depth:

Test pit depth

Depth:

Material:

Accumulation of debris and sediments

N/A

N/I

0

1

2

3

Accumulation of oil/ chemicals

N/A

N/I

0

1

2

3

Filter fabric

N/A

N/I

0

1

2

3

Other:

N/A

N/I

0

1

2

3

Broken

N/A

N/I

0

1

2

3

Daylighted

N/A

N/I

0

1

2

3

Clogged

N/A

N/I

0

1

2

3

Other:

N/A

N/I

0

1

2

3

Standing water

No

Yes

3. Underdrains

N/A = Not Applicable
N/I = Not Investigated
0 = Not a Problem

1 = Monitor for Future Repairs
2 = Routine Repairs Needed
3 = Immediate Repair Needed
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4. Check Dams
Is clear of debris and trash

N/A

N/I

0

1

2

3

Sediment build up > 25% of original WQv

N/A

N/I

0

1

2

3

Undermined / eroded

N/A

N/I

0

1

2

3

Wood condition

N/A

N/I

0

1

2

3

Pea gravel diaphragm at correct level

N/A

N/I

0

1

2

3

Density

N/A

N/I

0

1

2

3

Evidence of die-off

N/A

N/I

0

1

2

3

Accumulation of debris and trash

N/A

N/I

0

1

2

3

Erosion

N/A

N/I

0

1

2

3

Vehicular access

N/A

N/I

0

1

2

3

Accumulation sediment / trash

N/A

N/I

0

1

2

3

Complaints from local residents

N/A

N/I

0

1

2

3

Pea gravel diaphragm at correct level

N/A

N/I

0

1

2

3

Public hazards

N/A

N/I

0

1

2

3

Mosquitoes

N/A

N/I

0

1

2

3

Other:

N/A

N/I

0

1

2

3

5. Vegetation

6. Upland Characteristics

7. Special Structures

8. Miscellaneous

N/A = Not Applicable
N/I = Not Investigated
0 = Not a Problem

1 = Monitor for Future Repairs
2 = Routine Repairs Needed
3 = Immediate Repair Needed
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OPEN CHANNEL MAINTENANCE INSPECTION FORM

Overall Condition of Facility

Total number of concerns receiving a:

(1)_______ - Need Monitoring
(2)_______ - Routine Repair
(3)_______ - Immediate Repair Needed

Inspector’s Summary

Pictures

Clock/Degrees

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

N/A = Not Applicable
N/I = Not Investigated
0 = Not a Problem

1 = Monitor for Future Repairs
2 = Routine Repairs Needed
3 = Immediate Repair Needed
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OPEN CHANNEL MAINTENANCE INSPECTION FORM

Sketches, If Necessary:

N/A = Not Applicable
N/I = Not Investigated
0 = Not a Problem

1 = Monitor for Future Repairs
2 = Routine Repairs Needed
3 = Immediate Repair Needed
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BIORETENTION MAINTENANCE INSPECTION FORM
Facility Number:

Date:

Subdivision Name:

Watershed:

Weather:

Inspector(s):

Date of Last Rainfall:

Amount:

Inches

Streets:

Mapbook Location:

GPS Coordinates:
Residential 9

Property Classification:
Confined 9

Time:

Unconfined 9

Is Facility Inspectable?

Yes 9

Government 9

Commercial 9

Barrel Size
No 9

Other:
Yes 9

As-built Plan Available?

No 9

Comments Specific Location(s):

Why?

Scoring Breakdown:
N/A = Not Applicable

1 = Monitor (potential for future problem exists)

N/I = Not Investigated

2 = Routine Maintenance Required

0

3 = Immediate Repair Necessary

= Not a Problem

*

Use open space in each section to further
explain scoring as needed

1. Outfall Channel(s) from Facility
Woody growth within 5’ of outfall barrel

N/A

N/I

0

1

2

3

Outfall channel functioning

N/A

N/I

0

1

2

3

Manholes, frames and covers

N/A

N/I

0

1

2

3

Released water undercutting outlet

N/A

N/I

0

1

2

3

Erosion

N/A

N/I

0

1

2

3

Displaced rip rap

N/A

N/I

0

1

2

3

Excessive sediment deposits

N/A

N/I

0

1

2

3

Other:

N/A

N/I

0

1

2

3

Woody growth or unauthorized plantings

N/A

N/I

0

1

2

3

Erosion or back cutting

N/A

N/I

0

1

2

3

Soft or boggy areas

N/A

N/I

0

1

2

3

Obstructions / debris

N/A

N/I

0

1

2

3

2. Outlet / Overflow Spillway

3. Filter
Existing as required

No

Yes

Sediment accumulation > 1”

No

Yes

Ponding more than 2 days after rain

No

Yes

Vegetation

N/A

Depth & material of layers

N/I

0

1

2

3
Material:

Depth:

Sediment accumulation in soil bed

N/A

N/I

0

1

2

3

Oil/ chemical accumulation on soil bed

N/A

N/I

0

1

2

3

Filter fabric

N/A

N/I

0

1

2

3

Other:

N/A

N/I

0

1

2

3

N/A = Not Applicable
N/I = Not Investigated
0 = Not a Problem

1 = Monitor for Future Repairs
2 = Routine Repairs Needed
3 = Immediate Repair Needed
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4. Underdrains
Broken

N/A

N/I

0

1

2

3

Daylighted

N/A

N/I

0

1

2

3

Clogging

N/A

N/I

0

1

2

3

N/A

N/I

0

1

2

3

5. Pretreatment
Maintenance access
Pretreatment a practice other than a stone diaphragm and/
or grass filter strip

No

Yes

Stone diaphragm level

N/A

N/I

Stone diaphragm clogged with sediment/debris

N/A

N/I

0

1

2

3

Grass filter strip erosion

N/A

N/I

0

1

2

3

Evidence of short circuiting, rails/ gullies in filter strip

0

1

No

2

Of so,

(code)

3

Yes

Level spreader

N/A

N/I

0

1

2

3

Other:

N/A

N/I

0

1

2

3

Excessive trash / debris

N/A

N/I

0

1

2

3

Bare soil present

N/A

N/I

0

1

2

3

Sand in parking lot

N/A

N/I

0

1

2

3

6. Upland Characteristics

7. Inflow Points
Number of inflow pipes:

Direction: N

E

W

S

Endwalls, headwalls, end sections

N/A

N/I

0

1

2

3

Inlet/ outflow pipes

N/A

N/I

0

1

2

3

Discharge undercutting outlet or displacing rip-rap

N/A

N/I

0

1

2

3

Discharge water is causing outfall to erode

N/A

N/I

0

1

2

3

Sediment accumulation

N/A

N/I

0

1

2

3

Manhole access (steps, ladders)

N/A

N/I

0

1

2

3

Vehicular access

N/A

N/I

0

1

2

3

Concrete/masonry condition

N/A

N/I

0

1

2

3

Sediment / trash accumulation

N/A

N/I

0

1

2

3

Manhole lockable nuts

N/A

N/I

0

1

2

3

Encroachment in facility area and/or easement area by
buildings

N/A

N/I

0

1

2

3

Complaints from local residents

N/A

N/I

0

1

2

3

Graffiti

N/A

N/I

0

1

2

3

Public hazards

N/A

N/I

0

1

2

3

N/A

N/I

8. Special Structures

9. Miscellaneous

Were any pad locks cut and replaced
Other:

N/A = Not Applicable
N/I = Not Investigated
0 = Not a Problem

No

1 = Monitor for Future Repairs
2 = Routine Repairs Needed
3 = Immediate Repair Needed

0

Yes
1

2

How many?
3
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BIORETENTION MAINTENANCE INSPECTION FORM

Overall Condition of Facility

Total number of concerns receiving a:

(1)_______ - Need Monitoring
(2)_______ - Routine Repair
(3)_______ - Immediate Repair Needed

Inspector’s Summary

Pictures

Clock/Degrees

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

N/A = Not Applicable
N/I = Not Investigated
0 = Not a Problem

1 = Monitor for Future Repairs
2 = Routine Repairs Needed
3 = Immediate Repair Needed
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BIORETENTION MAINTENANCE INSPECTION FORM

Sketches, If Necessary:

N/A = Not Applicable
N/I = Not Investigated
0 = Not a Problem

1 = Monitor for Future Repairs
2 = Routine Repairs Needed
3 = Immediate Repair Needed
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POND / WETLAND MAINTENANCE INSPECTION FORM
Facility Number:

Date:

Subdivision Name:

Watershed:

Weather:

Inspector(s):

Date of Last Rainfall:

Amount:

Inches

Time:

Streets:

Mapbook Location:

GPS Coordinates:
Residential 9

Property Classification:

Type of Practice: Wet Pond 9

Shallow Wetland 9
Confined 9

Unconfined 9

Is Facility Inspectable?

Yes 9

Government 9

Commercial 9

Other:

Dry Pond 9

Micropool ED 9

Multiple Pond System 9

Shallow ED 9

Pond/ Wetland 9

Pocket Wetland 9

Barrel Size
No 9

As-built Plan Available?

Yes 9

Pocket Pond 9

No 9

Comments Specific Location(s):

Why?

Scoring Breakdown:
N/A = Not Applicable

1 = Monitor (potential for future problem exists)

N/I = Not Investigated

2 = Routine Maintenance Required

0

3 = Immediate Repair Necessary

= Not a Problem

*

Use open space in each section to
further explain scoring as needed

1. Outfall Channel(s) from Pond
Woody growth within 5’ of outfall barrel

N/A

N/I

0

1

2

3

Outfall channel functioning

N/A

N/I

0

1

2

3

Manholes, Frames and Covers

N/A

N/I

0

1

2

3

Released water undercutting outlet

N/A

N/I

0

1

2

3

Erosion

N/A

N/I

0

1

2

3

Displaced rip rap

N/A

N/I

0

1

2

3

Excessive sediment deposits

N/A

N/I

0

1

2

3

Other:

N/A

N/I

0

1

2

3

Cracking, bulging, or sloughing of dam

N/A

N/I

0

1

2

3

Erosion and/or loss of dam material

N/A

N/I

0

1

2

3

Animal burrows

N/A

N/I

0

1

2

3

Soft spots or boggy areas

N/A

N/I

0

1

2

3

Woody growth or unauthorized plantings on dam

N/A

N/I

0

1

2

3

Other:

N/A

N/I

0

1

2

3

2. Downstream Dam Bank

3. Upstream Dam Bank
Cracking, bulging, or sloughing of dam

N/A

N/I

0

1

2

3

Erosion and/or loss of dam material

N/A

N/I

0

1

2

3

Animal Burrows

N/A

N/I

0

1

2

3

Soft spots or boggy areas

N/A

N/I

0

1

2

3

Woody growth or unauthorized plantings on dam

N/A

N/I

0

1

2

3

Other:

N/A

N/I

0

1

2

3

N/A = Not Applicable
N/I = Not Investigated
0 = Not a Problem

1 = Monitor for Future Repairs
2 = Routine Repairs Needed
3 = Immediate Repair Needed
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4. Emergency Spillway
Woody growth or unauthorized plantings

N/A

N/I

0

1

2

3

Erosion or back cutting

N/A

N/I

0

1

2

3

Soft or boggy areas

N/A

N/I

0

1

2

3

Obstructions / debris

N/A

N/I

0

1

2

3

STEEL

or

5. Principal Spillway Built to Plans
# of Barrels:

Size:

RCP

CMP

PVC

Entry Approved 9

Confined space entry permit required for entry into all riser and barrels

MASONRY

(Circle One)

Entry Denied 9

Minor spalling or parging (<1”)

N/A

N/I

0

1

2

3

Major spalling (exposed rebar)

N/A

N/I

0

1

2

3

Joint failure

N/A

N/I

0

1

2

3

Loss of joint material

N/A

N/I

0

1

2

3

Leaking

N/A

N/I

0

1

2

3

Corrosion

N/A

N/I

0

1

2

3

Protective material deficient

N/A

N/I

0

1

2

3

Misalignment or split seams / joints

N/A

N/I

0

1

2

3

Other:

N/A

N/I

0

1

2

3

6. Riser Built to Plans
Size:

CONC

CMP

or
0

MASONRY

Minor spalling or parging (<1”)

N/A

N/I

1

2

Major spalling (exposed rebar)

N/A

N/I

0

1

2

3

Joint failure

N/A

N/I

0

1

2

3

Loss of joint material

N/A

N/I

0

1

2

3

Leaking

N/A

N/I

0

1

2

3

(Circle One)

3

Manhole access and steps acceptable

N/A

N/I

0

1

2

3

Corrosion

N/A

N/I

0

1

2

3

Protective material deficient

N/A

N/I

0

1

2

3

Misalignment or split seams / joints

N/A

N/I

0

1

2

3

Anti-vortex device secure / acceptable

N/A

N/I

0

1

2

3

Sediment Accumulation within riser

N/A

N/I

0

1

2

3

Woody or vegetative growth within 25’ of riser

N/A

N/I

0

1

2

3

Safety Rebar/pipes in place

N/A

N/I

0

1

2

3

Safety Rebar/pipes corroded

N/A

N/I

0

1

2

3

Other:

N/A

N/I

0

1

2

3

Orifice and/or trash rack obstructed

N/A

N/I

0

1

2

3

Trash Rack Corrosion

N/A

N/I

0

1

2

3

Other:

N/A

N/I

0

1

2

3

Structurally sound

N/A

N/I

0

1

2

3

Debris removal necessary

N/A

N/I

0

1

2

3

Corrosion

N/A

N/I

0

1

2

3

7. Low Flow Built to Plans

8. Weir Trash Rack

N/A = Not Applicable
N/I = Not Investigated
0 = Not a Problem

1 = Monitor for Future Repairs
2 = Routine Repairs Needed
3 = Immediate Repair Needed
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9. Control Valve(s) Built to Plans
Size:

Type:

Operation limited

N/A

N/I

0

1

2

3

Exercised

N/A

N/I

0

1

2

3

Leaks

N/A

N/I

0

1

2

3

Chains & Locks

N/A

N/I

0

1

2

3

Set to design opening

N/A

N/I

0

1

2

3

Other:

N/A

N/I

0

1

2

3

Operation limited

N/A

N/I

0

1

2

3

Exercised

N/A

N/I

0

1

2

3

10. Pond Drain Valve

Leaks

N/A

N/I

0

1

2

3

Chained & locked correctly

N/A

N/I

0

1

2

3

Other:

N/A

N/I

0

1

2

3

11. Toe & Chimney Drains Clear & Functioning

N/A

N/I

0

1

2

3

Sediment or debris build up

N/A

N/I

0

1

2

3

Erosion/ Undermining

N/A

N/I

0

1

2

3

12. Rip-Rap Pilot Channel (Micropool only)

13. Permanent Pool
Visible pollution

N/A

N/I

0

1

2

3

Shoreline and / or side slope erosion

N/A

N/I

0

1

2

3

Aquatic bench inadequately vegetated

N/A

N/I

0

1

2

3

Abnormally high or low water (pool) levels

N/A

N/I

0

1

2

3

Sediment / debris accumulation

N/A

N/I

0

1

2

3

Bathometric study recommended
Other?

No

Yes

N/A

N/I

0

1

2

3

Vegetation sparse

N/A

N/I

0

1

2

3

Undesirable woody or vegetative growth

N/A

N/I

0

1

2

3

Low flow channels obstructed

N/A

N/I

0

1

2

3

Standing water or spots

N/A

N/I

0

1

2

3

Sediment or debris accumulation

N/A

N/I

0

1

2

3

14. Dry Storage

Bathometric study recommended
Other:

No

Yes

N/A

N/I

0

1

2

3

N/A

N/I

0

1

2

3

15. Pretreatment
Maintenance access
Is pretreatment a practice other than a forebay

No

Yes

Dredging required

No

Yes

Hard pad condition (Wet pond only)

N/A

N/I

Fixed vertical sediment depth marker present

0

1

No

2

Of so,

(code)

Estimated % full

%

3

Yes

Marker Reading
Sediment accumulation

N/A = Not Applicable
N/I = Not Investigated
0 = Not a Problem

N/A

1 = Monitor for Future Repairs
2 = Routine Repairs Needed
3 = Immediate Repair Needed

N/I

0

1

2

3
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16. Inflow Points
Number of inflow pipes:

Direction:

N

E

W

Endwalls, headwalls, end sections

N/A

N/I

0

1

2

3

Outfall pipes

N/A

N/I

0

1

2

3

Discharge undercutting outlet or displacing rip-rap

N/A

N/I

0

1

2

3

Discharge water is causing outfall to erode

N/A

N/I

0

1

2

3

Sediment accumulation

N/A

N/I

0

1

2

3

N/A

N/I

0

1

2

3

Vegetation matches landscape design plan

N/A

N/I

0

1

2

3

Planting needed

N/A

N/I

0

1

2

3

Shore erosion

N/A

N/I

0

1

2

3

Coverage needs improvement

N/A

N/I

0

1

2

3

Encroachment by structures

N/A

N/I

0

1

2

3

Clearing of vegetation

N/A

N/I

0

1

2

3

Planting needed

N/A

N/I

0

1

2

3

S

17. Wet Pond Vegetation
Invasive plants
% cover

18. Pond Buffer

Predominant vegetation types:

Forested 9

Shrubs 9

Meadow 9

Maintained Grass 9

Other:

19. Special Structures
Manhole access (steps, ladders)

N/A

N/I

0

1

2

3

Vehicular access

N/A

N/I

0

1

2

3

Concrete/masonry condition

N/A

N/I

0

1

2

3

Trash racks

N/A

N/I

0

1

2

3

Elbows

N/A

N/I

0

1

2

3

Sediment / trash removal

N/A

N/I

0

1

2

3

Manhole lockable nuts

N/A

N/I

0

1

2

3

Encroachment in pond area and/or easement area

N/A

N/I

0

1

2

3

Fence condition

N/A

N/I

0

1

2

3

Safety signs

N/A

N/I

0

1

2

3

Complaints from local residents

N/A

N/I

0

1

2

3

Graffiti

N/A

N/I

0

1

2

3

Public hazards

N/A

N/I

0

1

2

3

20. Miscellaneous

Were any pad locks cut and replaced

N/A = Not Applicable
N/I = Not Investigated
0 = Not a Problem

1 = Monitor for Future Repairs
2 = Routine Repairs Needed
3 = Immediate Repair Needed

No

Yes

How Many?
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POND / WETLAND MAINTENANCE INSPECTION FORM

Overall Condition of Facility

Total number of concerns receiving a:

(1)_______ - Need Monitoring
(2)_______ - Routine Repair
(3)_______ - Immediate Repair Needed

Inspector’s Summary

Pictures

Clock/Degrees

Prin. Spill. Barrel Joints

1.

1.

2.

2.

3.

3.

4.

4.

5.

5.

6.

6.

7.

7.

8.

8.

9.

9.

10.

10.

11.

11.

12.

12.

13.

13.

14.

14.

15.

15.

N/A = Not Applicable
N/I = Not Investigated
0 = Not a Problem

1 = Monitor for Future Repairs
2 = Routine Repairs Needed
3 = Immediate Repair Needed

Clock/Degrees
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Sketches, If Necessary:

N/A = Not Applicable
N/I = Not Investigated
0 = Not a Problem

1 = Monitor for Future Repairs
2 = Routine Repairs Needed
3 = Immediate Repair Needed
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