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INTRODUCTION
Background

As a part of the NPDES storm water permit requirements, the Joint
Task Force (JTF), drafted and adopted the Storm Water Quality
Management Guidance Manual (October 2000), “Guidance Manual.”
The Guidance Manual provides planning-level guidance on several
Best Management Practices (BMPs) that may be suitable in Houston
and Harris County, and incorporates additional BMPs by reference.
During the public review of the Guidance Manual, several comments
were received requesting design-level information for the structural
BMPs included in the Guidance Manual. Non-structural BMPs are
discussed in Chapter 4.1 of the Guidance Manual. This document,
Minimum Design Criteria for Implementation of Certain Best
Management Practices for Storm Water Runoff Treatment Options
(2001 Edition), was prepared to address the public comments and
provide design-level criteria for certain structural BMPs. It is intended
to supplement the structural BMP information material provided in the
Guidance Manual. The information contained in this document is
adapted from several other manuals prepared in other parts of the
USA. Sources are listed in the reference section of this document.

Purpose

The purpose of this document is to provide minimum design
parameters for certain BMPs for storm water quality features for new
development and significant redevelopment. Use of the BMPs
presented here does not guarantee acceptance of a particular Storm
Water Quality Management Plan or effectiveness of the BMP to
reduce pollutants. The BMPs described in the criteria document are
intended to facilitate the plan review process for new development and
significant redevelopment projects in the City of Houston and
unincorporated Harris County.

Organization

This document contains design-level criteria and design detail
drawings for five structural BMPs, where each BMP has an identifier
code composed of letters and numbers. The document will be revised
and updated as necessary to include additional BMPs. Other BMPs
may be acceptable on a case-by-case basis. In such cases prior
consultation with the reviewing agency is highly recommended. This
document provides design-level criteria on the BMPs listed below:
•
•
•
•
•
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Grass Swales
BMP HC01.10
Purpose and
Definition

Application and
Limitations

Design Criteria

Grass Swales
Grass swales are defined as grass-lined, earthen channels, intended to
provide water quality enhancements. Grass swales provide effective
treatment only when they have low longitudinal slopes, with low
velocities and shallow depth of flow in the swale. The main pollutant
removal mechanisms in grass swales are filtration as the storm water
moves through the vegetation and bacterial decomposition. Careful
selections of grass species that allow more contact with
microorganisms living on the vegetation enhance pollutant removal of
grass swales.
Grass swales are applicable best management practices where the peak
flow rates and velocities are low. They are recommended as a standalone best management practices for areas draining 10 acres or less
and where pollutant concentration from the area is low. In
developments draining more than 10-acres, grass swales could be used
in combination with other best management practices.
The primary design factors that determine grass swales' effectiveness
are peak flow rate, depth of flow, and height of vegetation. The design
should promote pollutant removal rather than transporting flow with
greater possible hydraulic efficiency. Therefore, it is critical that
filtration, sedimentation, and other pollutant removal mechanisms are
emphasized.
Grass swales for water quality enhancements should be sized to treat
the flow generated by the design rainfall intensity from the drainage
area. Table 1.1 summarizes the design criteria for grass swales and
Figure 1 depicts a typical layout of a grass swale. Based on the
analysis of the 1-hour precipitation data of rainfall gauges in the Harris
County area, an intensity of 0.27-inch per hour was computed for 90
percent of the storms. Unless amended by additional rainfall data
analysis the design flow shall be calculated using an intensity of 0.27inch per hour. The rational formula (Q=CIA) shall be used to
determine the design flow rate. The flow velocity shall not exceed 1.5
feet per second. The longitudinal slope of the swale shall not exceed 2
percent and the minimum slope shall be 0.1 percent. Because of site
condition, if the desired slope could not be attained, check dams shall
be used as small drop structures to achieve the desired swale slope.
The check dams should be reinforced adequately for erosion
protection. The design of grass swales must encourage sheet flow of
storm water within the swale. If sheet flow conditions cannot be
achieved, a flow spreader (Figure 1-A) must be installed to uniformly
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spread the flow across the width of the swale. The width of the swale
shall be sized to achieve a depth of flow, in the grass swale, of 3
inches or half the height of the grass, which ever is less. Table 1.2
summarizes recommended plant list for grass swales. A more
comprehensive plant list is provided in the Guidance Manuals
Appendix E. The design storm shall travel for at least 50 feet on the
grass swale for water quality treatment before its discharge into the
receiving stream or municipal storm sewer system. The length of
swale should be calculated based on a minimum hydraulic retention
time of 5 minutes. Discharges from the grass swale to a receiving
stream or roadside ditch shall not promote erosion, and erosion
prevention devices shall be constructed. The side slope of the swale
shall be 3H:1V or flatter.
Sizing Procedure
• Determine the drainage area ( A ) of the site that drains into the
grass swales.
• Determine the runoff coefficient ( C ) of the development. Runoff
coefficient values from the City of Houston Design Manual,
Chapter 9 - Storm Water Design Requirements, shall be used.
• Based on the design storm, calculate design flow rate ( Qwq ) from
the drainage area using the rational formula.
Qwq = CIA

•
•
•
•
•

Where:
Qwq = Water quality design flow rate (ft3/sec)
C = Runoff coefficient (dimensionless)
I = Intensity (in/hr)
A = Area in (acres)
The Manning's roughness coefficient ( n ) for the swale shall be
0.24 for frequently mowed grass with a height of 6 inches.
Determine the longitudinal swale slope ( S ).
Determine the depth of flow ( d ). Depth of flow shall be 3 inches
or half the grass height, whichever is less.
Select a channel shape and a side slope ( z ).
Using Manning’s equation, determine the bottom width ( b ) of the
swale by trial and error or use the approximate method given below.
Substitute the value of Qwq calculated above for Q in the
Manning's equation.
1.49
Q=
AR 2 / 3 S 1 / 2
n
Where:
Q = Water quality design flow rate ft3/sec
n = Manning's roughness coefficient (dimensionless)
A = Cross-sectional area (ft2)
R = Hydraulic radius (ft)
S = Longitudinal slope (dimensionless)
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Basic hydraulic equations and cross sectional formula for a trapezoidal
shape:
A = bd + zd 2
A
R=
P

P = b + 2d z 2 + 1
T = b + 2 zd

By recognizing that top width (T) is much greater than depth of flow
(d) and the square of the side slope (z2) is much greater than 1 and
certain terms are negligible the approximate solution to determine the
bottom width of a trapezoidal shape is:
Qn
b≈
− zd
1.49 d 1.67 S 0.5
•
•
•

Maintenance

2001 Edition

Calculate the cross-sectional flow area.
Calculate velocity of flow (V ), and if velocity of flow exceeds the
recommended maximum, recalculate the bottom width of the swale.
Determine the length of the grass swale based on a minimum
hydraulic retention time of 5 minutes (300 seconds). The required
minimum swale length is 50 feet.
L=V ×t
Where:
V = velocity in feet per second
t = hydraulic retention time 300 seconds

Maintenance is the most important factor if water quality grass swales
are to continue to function as originally designed.
• Until grass is established, grass swales must be inspected
within 24 hours after each storm of 0.5 inch or greater or daily
during prolonged rainfall events.
• After grass has been established, the swale should be checked
at least monthly.
• The grass must be mowed as needed for good growth and to
maintain the desired grass height. A maximum grass height of
6 inches shall be maintained.
• Sediment must be removed as needed if growth is inhibited in
greater than 10 percent of the swale area or if sediment is
blocking the distribution and entry of the storm water runoff.

Minimum Design Criteria - Runoff Treatment BMP

Page 4

Parking Lot

Commercial Structure

A

High Flow Bypass

Public Ditch or Storm Sewer

A
Grass Swale

(MS4)

PLAN

Design Water

NTS

Grass Swale Bottom
Overflow Berm

High flow bypass channel.

SECTION A-A
NTS

LEGEND
Storm water quality treatment area

High flow bypass channel.

Grass lined channel for conveyance.
Parking lot.

BMP HC01.10 - GRASS SWALE

Figure 1: Grass Swale Sample Layout
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Table 1.1: Sizing Criteria for Grass Swales
Grass Swales1

Design Parameters
Longitudinal slope2

Less than 2% with a minimum of 0.1%

Maximum velocity

Water quality design flow rate

1.5 feet per second
3 inches or half the grass height, which ever
is less
Calculate using rational method using 0.27
in/hr rainfall intensity

Manning coefficient

0.24

Bottom width

Size to satisfy depth and flow velocity

Minimum length

50 feet

Maximum side slope

3H:1V

Contributing drainage area

Less than 10 acres

Maximum water depth

Hydraulic resident time
5 minutes (300 seconds)
Easement or restricted reserve dedication must contain wording that references the file
number (permit number) and the public entity that holds the plan. The plan must include the
maintenance schedule and frequency. Grass swales designed for water quality purposes
CANNOT be used for drainage conveyance. A separate drainage conveyance should be
provided based on the applicable agency criteria.
1

2

If site conditions do not allow a 2% longitudinal slope, check dams must be used as drop
structures to achieve the desired slope. The check dams shall be designed with adequate
erosion protection.
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Table 1.2: Recommended Plants for Grass Swales
Scientific Name

Common Name

Expected Growth
Height

Method of
Planting1

Carex cherokeensis

Cherokee sedge2

4 to 6 inches

Plug

Eleocharis macrostachys

Spikerush

2 to 4 inches

Rhizome/plug

Eleocharis montevidensis

Sand spikerush

2 to 4 inches

Rhizome/plug

Juncus effusus

Soft rush

18 inches to 4 feet

Rhizome/plug

Juncus nodatus

Stout rush

2 to 4 feet

Rhizome/plug

Juncus interior

Inland rush

1 to 3 feet

Plug

Juncus torreyi

Torrey's rush

1 to 3 feet

Plug

Sisyrinchium (sp.)

Blue-eye grass

Up to 4 inches

Seed

Buchloe dactyloides

Buffalograss

2 to 4 inches

Seed

1
2

Quantities must be determined based on area of planting
Tolerate shady areas
Sample Calculation for Sizing Grass Swales
Design Steps
1. Determine the drainage area of the development. For this
example a 5-acre residential development was selected.
2. Determine the runoff coefficient of the development. For this
example, a runoff coefficient of 0.45 was selected for singlefamily medium density residential development based on the
City of Houston Design Manual.
3. Based on the design storm, calculate flow rate from the
drainage area. For this example, 0.27 in/hr intensity was used
to calculate flow rate using the rational formula.
Q = CIA
Q = 0.45 * 0.27

in
ft 3
* 5 acres = 0.61
hr
sec

4. For a grass lined swale use a Manning’s roughness coefficient
of 0.24 as required.
5. Determine the grass height based on frequency of mowing.
The maximum recommended height is 6 inches. For this
example a height of 6 inches is selected.
6. Determine depth of flow. Depth of flow in the grass swale
shall be 3 inches or half the grass height, whichever is less.
For this example the depth of flow is 3 inches (0.25 feet).
2001 Edition
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7. Select the shape of grass swale and side slope. For this
example a trapezoidal channel with a side slope of 4H:1V is
selected.
8. Select the longitudinal slope of the grass swale. For this
example a 1 percent slope is selected.
Basic hydraulic equations and cross sectional formula
A = bd + zd 2
A
R=
P
b≈

•
•

T = b + 2 zd

Qn
− zd
1.49d 1.67 S 0.5

c=0.45
i=0.27 in/hr
d=3 inch (0.25 ft)
s=0.01
•

P = b + 2d z 2 + 1

A=5 acres
Q=0.61 ft3/sec
z=4
n=0.24

Using the above equation
b ≈ 9 feet
Calculate the cross sectional area
A = bd + zd 2
A=9*0.25+4*0.252 = 2.5 ft2
Calculate the flow velocity
Q
V =
= 0.24 ft/sec
A
The calculated velocity is less than the recommend maximum
velocity of 1.5 feet/second. The design is adequate.

Calculate the length (L)
L = Vt(60 sec/min)
For t=5 minutes (300 seconds),
L = 0.24 ft/sec*300 seconds = 73 feet
Based on the above calculation the design parameters for the
trapezoidal section grass swales are:
• Bottom width 9 feet
• Length 73 feet
• Depth 0.25 feet
• Side slope 4H:1V
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Filter Strips
BMP HC01.20
Purpose and
Definition

Application and
Limitations

Design Criteria

Vegetated Filter Strips
Filter strips are a vegetative structural control intended to treat sheet
flow. Filter strips provide effective treatment only when they have
low slopes and where velocities are low. The design of filter strips
should promote sheet flow of storm water runoff. The length of filter
strip is the treatment media where most of the pollutants are trapped
through filtration, sedimentation, sorption, and bacterial
decompositions as the storm water sheet flows. Grass species, that
allow more contact with the storm water, enhance pollutant removal
performance; therefore, selection of grass species must be done
carefully.
Filter strips are suitable best management practices where the peak
flow rates and flow velocities are low, and sheet flow conditions
prevail. If sheet flow condition cannot be achieved, a level spreader
should be provided to facilitate sheet flow onto the filter strips. They
are recommended as a best management practices for areas draining 10
acres or less. In developments draining more than 10 acres, filter
strips could be used as a supplement with other best management
practices. Filter strips are relatively flat with no side slopes and are
typically located adjacent and parallel to paved areas such as parking
lots, driveways, and roadways.
The primary design factor that determines filter strip effectiveness is
flow rate, flow velocity, and prevailing flow condition. The design
criteria for filter strips are summarized in Table 1.4. The length of the
filter strip and the length of the area that generates sheet flow are
important design parameters. The filter strip length required is
discussed below, and an example of filter strip is found in Figure 2.
•
•

2001 Edition

The minimum width of the filter strip shall be 20 feet. For areas
that have a flow path of less than 60 feet, the minimum 20 feet
filter strip shall be provided.
For areas that have a flow path greater than 60 feet, an additional
5 feet of vegetation width shall be added for each additional 20
feet or fraction thereof. The maximum flow path of the paved
surface shall not be more than 150 feet. Table 1.3 summarizes
the required filter strip width for areas that have flow paths from
60 to 150 feet.

Minimum Design Criteria - Runoff Treatment BMP

Page 10

Table 1.3: Flow Path and Required Filter Strip Width
Flow Path Across the Paved Surface,
Filter Strip Width,
feet
feet
<60
20
60 to 80
25
80 to 100
30
100 to 120
35
120 to 140
40
140 to 150
45
•
Maintenance

Dense growth vegetation is required, and the filter strip shall
be constructed along the entire length of the contributing area.

Maintenance is the most important factor if water quality filter strips
are to continue to function as designed. The maintenance requirement
of filter strips is similar to grass swales.

Table 1.4: Sizing Criteria for Filter Strips
Filter Strips1

Design Parameters
Longitudinal slope

Less than 10% with a minimum of 0.1%

Maximum velocity

1.0 feet per second

Maximum water depth

1 inch maximum

Water quality design flow rate

NA

Manning coefficient

NA

Bottom width
Minimum length

NA
20 feet filter strip width for flow path up to 60 feet;
an additional 5 feet of filter strip width shall be
added for each additional 20 feet or fraction thereof

Maximum drainage pathway

150 feet (across paved area)

Maximum side slope

NA

Contributing drainage area

Less than 10 acres

1

Easement or restricted reserve dedication must contain wording that references the file
number (permit number) and the public entity that holds the plan. The plan must include
the maintenance schedule and frequency.
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Sample Calculation for Sizing Filter Strips
Design Steps
1 Determine the flow path that needs to be serviced. For this
example, a 300 feet wide parking lot with varying length is
selected.

2001 Edition

2

Calculate the required filter strip width. A 45 feet wide filter
strip is needed for 150 feet paved area.

3

Select plants appropriate for the project site conditions. For
this example Buffalo grass with a mix of Meadow sedge,
Cherokee sedge, and Blue eyed grass are selected.
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Wet Pond
BMP HC01.30
Purpose and
Definition

Application and
Limitations

Wet Pond
A wet pond is a constructed storm water treatment facility that retains
a permanent pool of water. The permanent pool area enhances storm
water runoff by gravitational settling, and plants in the fringe areas of
the wet pond remove nutrients. Bacterial action in the water helps in
chemical decomposition of complex substances into simpler forms.
Wet ponds are one of the most effective BMPs to enhance the quality
of storm water runoff. The wet pond permanent pool is designed to
hold and treat the design runoff for water quality enhancements
between storm events through quiescent settling and biological uptake.
In areas where soil permeability is high, water seepage from unlined
ponds could result in a dry pond, particularly in dry seasons. Lining
the bottom and the sides of the ponds with low permeable material
helps to reduce seepage and maintain the design permanent pool
volume. If wet ponds are used in areas with insufficient runoff, a
supplemental water source may be necessary.
Wet ponds may be a single purpose facility to provide water quality
treatment or they may serve multiple functions by providing flood
control storage or recreational facilities. Wet ponds can be designed to
have different storage stages, including the bottom stage permanent
pool, extended detention, and flood protection storage. When
combined with flood control function, the permanent pool is stacked
under the extended detention and flood protection storage with
potentially little loss of developable area.

Design Criteria

2001 Edition

Several design factors determine the effectiveness of wet ponds.
These factors include permanent pool volume, hydraulic residence
time, pond geometry, pond depth, forebay (pre-settling), and
permanent pool surface area. Table 1.5 summaries the design
parameter for wet pond design. The presence of aquatic vegetation
also may improve storm water quality. Other design considerations
include a liner to prevent seepage, overflow and emergency spillways,
berm embankments or slope stabilization, and maintenance drains.
For a basic wet pond without extended detention, the volume of the
permanent pool shall be equal to or greater than the total volume of
runoff from the water quality design storm. Figure 3 and 3-A show
examples of the layout and cross-sections of a wet pond. Figure 3-C
shows details of the riser outlet with trash protection.
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Permanent Pool Volume
The permanent pool volume shall be 0.5 inch of runoff from the
drainage area. The permanent pool should remain full at all times to
provide a source of water for wetland plants at the fringe of the wet
pond and minimize turbulence within the pond. During storm events,
the pond is designed to flush out the treated water and replace it with
the incoming runoff. The permanent pool also minimizes resuspension of sediments.
Hydraulic Residence Time
The hydraulic residence time (HRT) is the period of time a storm
water runoff stays in the treatment system. Nationally, a time of two
weeks has been shown to be sufficient to provide desirable storm
water quality.
Pond Geometry
A length-to-width ratio of 3:1 or more shall be used to promote “plug
flow,” (Plug flow describes the hypothetical condition of storm water
storm water moving through the pond as a unit where the incoming
storm water displacing the existing storm water) and minimize shortcircuiting and dead storage area. Ponds that have good distance
separation between the inlet and outlet locations are less prone to
short-circuiting. Short-circuiting occurs when incoming runoff passes
through the pond without adequate treatment. Short-circuiting can be
prevented by maximizing the distance between the pond inlet and
outlet locations or by increasing the travel time within the basin. This
type of design encourages the incoming storm water to displace the
existing water in the permanent pool. An alternative method of
achieving plug flow characteristics is to construct baffles within the
pond to lengthen the flow path between the inlet and outlet.
Permanent Pool Depth
The permanent pool depth of the open water area shall be 3 to 6 feet
deep. Permanent pool depth is an important design parameter, since
most of the pollutant removal is accomplished by gradual settling.
Extremely shallow basins, those that are less than 2 feet deep and
without aquatic vegetation, are prone to re-suspension problems.
Depths of more than 8 feet are not recommended because of thermal
stratification of the pond. Basins with variable depths that contain
both shallow areas of less than 2 feet for aquatic vegetation growth and
deeper areas of greater than 3 feet may be most beneficial for water
quality improvements. In shallow areas of the ponds, the emergent
aquatic vegetation enhances nutrient uptake, whereas the deeper areas
provide pollutant removal by gravitational settling. The vegetative
bench area, if provided, shall be shallower than 3 feet.
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Permanent Pool Surface Area
The permanent pool surface area is usually expressed as a percentage
of the drainage area. It is recommended that the permanent pool
surface area of a wet pond be at least 1 to 1.5 percent of the drainage
area. Pollutant removal by sedimentation is a function of the surface
loading rate and the amount of pollutant per unit surface area of the
pond. Since sedimentation is the primary pollutant removal
mechanism in wet ponds, the surface area of the pond plays an
important role in enhancing pollutant removal.
Sediment Forebay
Sediment forebay is a required element of a wet pond design. The
sediment forebay volume shall be 20 percent of the permanent pool
volume, and the main pool shall contain the remaining water quality
design volume. The depth of the sediment forebay shall be 4 to 6 feet.
A tear shaped sediment forebay with length to average width ratio of
3:1, with the inlet at the narrow end is recommended. All inlets to the
basin must first enter a sediment forebay. If desired, multiple
sediment forebays can be used. A maintenance access must be
provided. The forebay shall be designed to dissipate the energy and
reduce the velocity.
Basin Configuration
Wet ponds can be designed to have different storage stages, including
the bottom stage permanent pool, extended detention, and flooding
protection storage. These types of basins are referred to as multipurpose basins, and the permanent pool is stacked under the extended
detention and flood protection storage. A multi-use wet pond outlet
such as an emergency spillway, and outlet for storm water quantity
control should be designed based on the applicable agency's drainage
criteria.
Safety Bench
Safety bench area could be dry above the permanent pool or a shallow
vegetative bench area below the permanent pool, Figure 3-B. A safety
bench 10 feet wide and slope of 1 to 2 percent shall be provided above
the permanent pool elevation of the wet pond. If the wet pond is
designed with a combined vegetative/safety bench area, the safety
bench shall be at least 6 feet wide, to facilitate mowing. The
remaining 4 feet shall be vegetative bench are below the permanent
pool.
Vegetative Bench
If only a vegetative bench area is included along the perimeter of the
wet pond, the width shall be a minimum of 10 feet, Figure 3-B. This
width includes the safety bench area with 10 percent slopes or flatter.
The maximum depth of the vegetative bench shall be 3 feet. Both the
sediment forebay and the main pool could have vegetative benches.
2001 Edition
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Providing vegetative bench adds aesthetics to the site and enhances
pollutant removal. The total surface area of the vegetative bench
should be approximately 20 to 30 percent of the permanent pool
surface area.
Sizing Procedure
• Determine the drainage area (A) that contributes runoff to the
pond.
• Determine the permanent pool volume ( V pp ), which is 0.5
•

inch of runoff from the drainage area.
Calculate the volume of the pre-settling basin or forebay ( V f )
and the main pool ( Vm ). V f = 0.2 × Vwq and Vm = 0.8 × Vwq

•

•
•
•
•
•
•
•
•
•
•
•
•
2001 Edition

Design the pond layout to achieve the length to width ratio of
at least 3L:1W. The pond layout shall maximize the flow path
between the inlet and the outlet, minimize short-circuiting,
and avoid dead storage area.
Select a side slope based on the site condition. A side slope of
3H:1V or flatter is required for earthen ponds.
Prepare a pond grading plan (establish contours) and capacityelevation table of the pond.
Determine the depth (d) and the surface area of the permanent
pool (S), and set the water surface elevation of the permanent
pool.
Calculate water quality treatment volume ( Vwq )which is 0.5
inch of runoff from the drainage area.
Using the capacity-elevation table of the pond, determine the
water quality volume elevation assuming that all of the water
quality volume will be in the pond at once.
Determine the average release rate assuming the water quality
volume is released within 24 hours i.e., 0.021 cubic feet per
second per drained acre.
Calculate the average head ( ∆H ) from the elevation
difference between the water quality and permanent pool
elevations.
Size an outlet based on the values calculated from the two
procedures listed above, see sample calculation for further
detail. Specify equation used.
Specify overflow device such as emergency spillway and
overflow elevation.
Calculate the area of the permanent pool to be planted with
wetland vegetation. This area is 20 to 30 percent of the
permanent pool area.
Consult a wetland specialist for wetland plant selections
suitable to the project site.
Specify floatables control or trash trap devices.

Minimum Design Criteria - Runoff Treatment BMP

Page 17

Maintenance

2001 Edition

Maintenance is an important factor if water quality wet ponds are to
continue to function as originally designed. A specific maintenance
plan shall be prepared outlining the schedule and scope of maintenance
operation. This plan should be included in the Storm Water Quality
Management Plan and submitted to the applicable agency. The
maintenance plan should include at a minimum:
• Inspection frequency, removal of floating debris and
accumulated petroleum products.
• Removal frequency and method of disposal of sediments from
the sediment forebay.
• Maintenance and management of the aquatic vegetation and
aesthetic appearance of the site.
• Control of invasive plants and mowing.
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Table 1. 5: Sizing Criteria for Wet Ponds
Design Parameters

Wet Pond1

Permanent pool volume

0.5 inch of runoff from the drainage area

Water quality treatment volume

0.5 inch of runoff from the drainage area

Permanent pool depth
Pond geometry or length (L) to width
(W) ratio2

3 feet min. and 6 feet max.
Length to width ratio of 3L:1W or more; avoid
dead storage areas and minimize short-circuiting
3H:1V or flatter for earthen and no minimum for
concrete
20 to 30 percent of the permanent pool with depth
less than 3 feet
20 percent of the permanent pool volume; 4 to 6
feet deep
Minimum of 10 feet wide without vegetative
shelf area or 6 feet wide with vegetative shelf
area above the permanent pool elevation.
Multi stages for extended detention and flood
control allowed
Placed to maximize flow path and without
causing short-circuiting.

Side slope
Vegetative shelf
Volume of pre-settling basin or forebay 3
Safety bench
Pond configurations (stages)
Distance between inlet and outlet

Outlet
Size to meet extended detention storage
1
Easement or restricted reserve dedication must contain wording that references the file
number (permit number) and the public entity that holds the plan. The plan must include the
maintenance schedule and frequency.
2

For wet ponds, the flowpath length from inlet to outlet should be measured at deepest and
the width at deepest can be found as (average top width + average bottom width)/2.
3

All inlets that convey storm water runoff shall enter first the forebay or pre-treatment basin.
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A

10' Vegetative/Safety
Bench. Side Slope =
10H:1V

10' Dry Safety
Bench
S = 10H:1V

Permanent Pool Water
Surface Elevation = 60'

54' 55'

B
56'
57'
58'
59'
60'
61'
62'
63'

24" Reverse
Grade Pipe

64'

64'
63'
62'
61'

Permanent Pool Water
Surface Elevation = 60'

A

Water Quality Volume
Elevation = 62.39'
60'

10' Vegetative/Safety
Bench. Side Slope =
10H:1V

59'
58'

C

57'
56'
55'
54'

Emergency
Spillway

C

Outlet Structure

B
PLAN VIEW
NTS

BMP HC01.30 - WET POND

Figure 3: Wet Pond Example Design Layout
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Forebay
Inlet Pipe

Permanent Pool
Water Surface
Elevation = 60'

Submerged
Forebay Inlet
Pipe

Water Quality Volume
Elevation = 62.39'

Permanent Pool
Water Surface
Elevation = 60'

Water Quality Volume
Elevation = 62.39'

8' Max
8' Max
Forebay

Forebay

SECTION A-A
NTS

SECTION A-A
(Alternative)
NTS

Top of Basin
Elevation
Varies.

Water Quality Volume
Elevation = 62.39'

Permanent Pool Water
Surface Elevation = 60'

1' Min.

8' Max
2' Min.
Water Quality Outlet
(Perforated PVC)

Forebay
Main Pool

Trash Rack

SECTION B-B
NTS

Water Quality Volume
Elevation = 62.39'

Permanent Pool Water
Surface Elevation = 60'

8' Max
Main Pool
10' Vegetative Safety
Bench. Side Slope =
10H:1V

Width Varies.
Side Slope = 3H:1V

SECTION C-C
NTS

BMP HC01.30 - WET POND

Figure 3-A: Wet Pond Example Cross-Sections
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1' MAX

PERMANENT
POOL
ELEVATION

1
3 (MIN)
1

1
10 (MIN)
100 (MAX)

3 (MIN)

MINIMUM 10' SAFETY/VEGETATIVE
BENCH.
SLOPE = 10H:1V OR FLATTER.

VEGETATIVE BENCH
NTS

PERMANENT
POOL
ELEVATION

1
3 (MIN)
1
30 (MIN)
55 (MAX)

1
3 (MIN)

MINIMUM 10' SAFETY BENCH.
SLOPE = 10H:1V OR FLATTER.

DRY SAFETY BENCH
NTS

MINIMUM 10' SAFETY
BENCH. SLOPE = 10H:1V
OR FLATTER.

PERMANENT
POOL
ELEVATION

1
3 (MIN)
1
30 (MIN)
55 (MAX)

1' MAX

1
3 (MIN)

6' MIN

VEGETATIVE
BENCH

COMBINED VEGETATIVE AND DRY
SAFETY BENCH
NTS

BMP HC01.30 SAFETY/VEGETATIVE BENCH

Figure 3-B: Wet Pond - Safety and Vegetative Bench Cross-Sections
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WATER QUALITY
VOLUME
ELEVATION

HOOD

OPEN PIPE
PERFORATED PIPE

WIRE MESH
TRASH RACK.

PERFORATED RISER
NTS
WIRE MESH TRASH RACK NOTES:
1. WIRE MESH MUST BE FINER THAN
PERFORATION DIAMETER OR SLOT WIDTH.
2. DISTANCE BETWEEN SIDES OF WIRE MESH
RACK MUST BE 3 TIMES THE PERFORATION
DIAMETER OR GREATER.
WATER QUALITY
VOLUME
ELEVATION

HOOD
SLOTTED PIPE

OPEN PIPE

WIRE MESH
TRASH RACK

SLOTTED RISER
NTS

BMP HC01.30 - RISER OUTLET

Figure 3-C: Wet Pond - Riser Outlet With Trash Protection
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Sample Calculation for Sizing Wet Ponds
Design Steps
1 Determine the drainage area that contributes storm runoff.
For this example a 20-acre site is selected and all of the area
drains into the wet pond. It was assumed that the underling
soil is acceptable to support a wet pond without lining and the
water table at the site is below the lowest elevation of the wet
pond.
2

Compute the permanent pool volume. The permanent pool
volume is 0.5" of runoff from the drainage area, which is 0.83
acre-feet.
1 ft
V pp = 0.5 in ×
× 20 acres = 0.83 acre − feet
12 in

3

Compute the forebay and the main pool volumes. For this
example the forebay volume is 20 percent of the permanent
pool volume and the remaining 80 percent is the main pool
volume. Forebay volume is 0.17 acre-feet and the main pool
volume is 0.66 acre-feet.
Forebay volume V f = V pp × 0.20 ⇒ 0.83 × 0.20 = 0.17 acrefeet
Main pool Vm = V pp × 0.80 ⇒ 0.83 × 0.80 = 0.66 acre-feet
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4

Layout the pond with approximate length to width ratio of at
least 3:1. In the main pool at the widest point, the pond depth
was set at 6 feet. The slope in both directions was 5:1 for 27
feet then it transitions to a 10-feet wide safety bench and
vegetative shelf area with a 10:1 side slope. Based on these
dimensions the assumed average depth was calculated to be
approximately 3 feet. Length of the forebay is 61 feet and
length of the main pool is 154 feet. The surface area of the
forebay is 0.07 acres and the surface area of the main pool is
0.21 acres. The average width of the forebay and the main
pool is calculated as 55 feet.

5

Compute the water quality treatment volume using 0.5" of
runoff from the drainage area (0.83 acre-feet). Based on the
layout and grading of the pond this volume creates a head of
2.39 feet above the permanent pool elevation.

6

Calculate the orifice area required to drain the water quality
treatment volume within 24-hours. Using the following
equation from Guidance Manual Page 4-38:
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Ap =

Vwq

120.3 × ∆t ∆Η
Where: Ap = perforation area, square inches
V = volume cubic feet
≅t = draw down time in hours
≅H = maximum head in feet
ft 2
0.83 acre − feet × 43560
acre = 8.10 in 2
Ap =
120.3 × 24 hr 2.39 feet
The orifice area required is 8.10 in2 and ten one-inch diameter
holes could be used.
7
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Calculate the vegetative bench area for planting of wetland
vegetation. For this example 20 percent of the pool area
(main pool plus forebay area) will be planted with wetland
vegetation.
ft 2
Planting area 0.28 acre × 43560
× 0.2 = 2440 ft 2
acre
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Dry Detention Basins
BMP HC01.40
Purpose and
Definition

Application and
Limitations

Design Criteria

Dry Detention Basins
Dry detention basins temporarily detain a portion of runoff for a
specified length of time and release the storm water slowly. These
basins are dry except for a period ranging from hours to several days
following the storm event. Sedimentation is the primary pollutant
removal mechanism in dry detention basins, allowing particulate and
suspended solids to settle out of the water, thereby removing
pollutants. The two most common types of dry detention basins are
conventional and extended detention basins, depending on the design
of the outlet structure that controls the release of storm water.
Extended detention basins drain more slowly than conventional
detention basins.
Dry detention basins are suitable BMPs where the expected
concentrations of soluble pollutants from the area are low. Overall
pollutant removal in dry detention basins is low to moderate. Dry
detention basins can be used in conjunction with other BMPs.
Several design factors determine the effectiveness of dry detention
basins. Table 1.6 summaries the design parameter for dry detention
basin design. The design of dry detention basins is similar to wet
ponds with the exclusion of the permanent pool and aquatic shelf
areas. These factors include water quality storage volume, hydraulic
residence time, pond geometry, and outlet design. The basin
dimensions and basin outlet structure should be designed to detain the
design storm water runoff for an average detention time of 24 hours.
The desired time may be achieved by using the full basin drain time of
at least 48 hours, with no more than 50 percent of the water quality
volume draining in the first 24 hours. Figure 4 and 4-A show
examples of the layout and cross-sections of dry detention basins
pond.
Sizing Procedure
• Determine the drainage area (A) that contributes runoff to the
basin.
• Determine the water quality treatment volume ( Vwq ), which is
•
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0.5 inch of runoff from the drainage area.
Design the pond layout to achieve the length to width ratio of
at least 3L:1W. The pond layout should maximize the flow
path between the inlet and the outlet, minimize shortcircuiting, and avoid dead storage area.
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•
•
•

•
•
Maintenance

Select a side slope based on the site condition. A side slope of
3H:1V or flatter is required for earthen basins.
Prepare a pond grading plan (establish contours) and capacityelevation table of the pond.
Size an outlet to attain an average hydraulic detention time of
24 hours. This may be achieved by using the full basin drain
time of at least 48 hours, with no more than 50 percent of the
water quality volume draining in the first 24 hours.
Specify overflow device such as emergency spillway and
overflow elevation.
Specify floatables control or trash trap devices.

Maintenance is the primary important factor if water quality dry
detention basins are to continue to function as originally designed.
Several studies conducted in the other parts of the USA have evaluated
the pollutant removal performance of dry detention basins. The
majority of the problems that affect the performance of these basins
are associated with maintenance. Many dry basins have partially
failed or are not meeting their design performance due to inlet or outlet
clogging. Some of major performance-related problems encountered
include excessive sediment or debris buildup, inappropriate ponding of
water that resulted in uncontrolled vegetative growth, and clogging of
the outflow structure.
A specific maintenance plan should be prepared outlining the schedule
and scope of maintenance operation. This plan should be included in
the Storm Water Quality Management Plan and submitted to the
applicable agency. The maintenance plan should include at a
minimum:
• Inspection frequency, removal of floating debris and
accumulated petroleum products.
• Inspection and maintenance of outlet structures.
• Removal frequency and method of sediment disposal.
• Vegetation control and mowing.
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Table 1.6: Sizing Criteria for Dry Detention Basins
Dry Detention Basin1

Design Parameters
Water quality treatment volume

0.5 inch of runoff from the drainage area

Permanent pool volume

NA

Permanent pool depth

Side slope

NA
Length to width ratio of 3L:1W or more;
avoid dead storage areas and minimize shortcircuiting
Inlet shall be located 1 foot above the bottom
of the basin
3H:1V or flatter for earthen and no minimum
for concrete

Hydraulic resident time

24 to 48 hours3

Shallow water vegetative shelf

NA

Pond configurations (stages)

NA
Placed to maximize flow path and without
causing short-circuiting

Pond geometry or length (L) to width
(W) ratio2
Inlet location

Distance between inlet and outlet

Outlet
Design to meet hydraulic resident time
1
Easement or restricted reserve dedication must contain wording that references the file
number (permit number) and the public entity that holds the plan. The plan must include the
maintenance schedule and frequency.
2

All inlets and outlet that convey storm water runoff should be placed to maximize the flow
path inside the basin.
3

An average detention time of 24 hours is desired and may be achieved by using the full
basin drain time of at least 48 hours, with no more than 50 percent of the water quality
volume draining in the first 24 hours
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B

A

A

If Basin Will Also Provide Flood
Protection, Top of Basin Elevation
Varies as Per Applicable Detention
Requirements

Outlet
Structure

Emergency
Spillway

B
PLAN
NTS

BMP HC01.40 - DRY DETENTION BASIN

Figure 4: Dry Detention Basin Example Design Layout
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9'
Side Slope
3H:1V

58'
Side Slope as Per
Appropiate Flood
Control
Requirements

SECTION A-A

Top of Basin
Elevation
Varies.

NTS

Inlet Pipe
Extended Detention Storage
Elevation = 62.39'

Water Quality Outlet
(Perforated PVC)
Trash Rack

SECTION B-B

Bottom Slope of Basin as
Per Appropriate Flood
Control Requirements

NTS

BMP HC01.40 - DRY DETENTION BASIN

Figure 4-A: Dry Detention Basin Cross-Sections
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Sample Calculation for Sizing Dry Detention Basin
Design Steps
1 Determine the drainage area that contributes storm water
runoff. For this example a 20-acres site is selected and all of
the area drains into the basin.
2

3

Compute the water quality treatment volume. The water
quality treatment volume is 0.5" of runoff from the drainage
area, which is 0.83 acre-feet.
1 ft
Vwq = 0.5 in ×
× 20 acres = 0.83 acre - feet
12 in
Design the basin layout with approximate length to width ratio
of at least 3:1. The basin depth was set at 3 feet. The bottom
width of the basin was 58 and the bottom length of the basin
was 174 with the side slopes of 3:1.

4

Calculate the orifice area required to drain 50 percent of the
water quality volume within 24-hours. Using the following
equation from the Guidance Manual Page 4-38 the orifice area
required would be:
Vwq
Ap =
120.3 × ∆t ∆Η
Where: Ap =perforation area, square inches
V = volume cubic feet
≅t = draw down time in hours
≅H = maximum head in feet
ft 2
0.5 × 0.83 acre − feet × 43560
acre = 3.6 in 2
Ap =
120.3 × 24 hr 3 feet

The required orifice area would be 3.6 in2 and eighteen half-inch
diameter holes or equivalent could be used.
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Constructed Wetlands for Storm Water Treatment
BMP HC01.50
Purpose and
Definition

Storm Water Treatment Wetlands
Storm water treatment wetlands are constructed shallow ponds
designed often based on the ecological function of natural wetlands.
Natural wetlands are more or less self-maintaining systems; whereas,
constructed wetlands for storm water treatment purposes require active
management.
Wetlands are constructed in development and redevelopment activity
for two main purposes. The first purpose is to mitigate lost, impacted
or filled wetlands due to development or construction activity, and the
second purpose is to treat storm water runoff (storm water treatment
wetlands).
Newly constructed wetlands should be evaluated for exemption listed
in 40 CFR 122.2 that provides an exemption to classification as
“Waters of the U.S.” for treatment pond systems or lagoons designed
to meet the requirements of the Clean Water Act. However, if a
constructed wetland is exempted by being defined as a treatment
facility, it cannot be used for wetlands mitigation for losses due to
construction. Modification of an existing wetland area to serve for
storm water treatment function is potentially subject to 404 permitting.
The need for section 404 permits should be evaluated on a case-bycase basis.

Application and
Limitations

Design Criteria
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Wetlands have shallower depths than wet ponds and generally requires
more surface area to treat an equal amount of storm water runoff from
the same size drainage area. Since water depths are shallower than
wet ponds, water loss by evaporation is an important concern. Careful
planning and water budget analysis is needed to be sure sufficient
water will be retained to sustain good wetland plant growth. The most
important pollutant removal processes in wetlands treatment systems
are the purely physical processes of sedimentation via reduced
velocities and filtration by wetland vegetation. Intimately linked with
the sediment biota, the wetland vegetation serves as a major storage
vector for carbon and nutrients, as an energy source for sediment
microbial metabolism, and as a gas exchange vector between
sediments and air. Thus, it is important to design for a substantial
native emergent vegetative component.
Wetlands design is site-specific but general design consideration
includes a sediment forebay, maximized hydraulic retention time,
elimination of dead zone and hydraulic short-circuiting, and selection
and establishment of native wetland vegetation. Table 1.7 summaries
Minimum Design Criteria - Runoff Treatment BMP
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the design parameter for storm water treatment wetland design. The
sediment forebay should be provided for initial sediment deposition
and reduction of storm water inflow velocities. It is very important to
drop the initial suspended sediment load and lower the inflow water
velocity to maintain system longevity and proper functionality of the
wetland system. Most of the design elements discussed in the wet
pond section are applicable to wetlands. The exceptions are depth and
distribution of aquatic vegetation. These two parameters are discussed
below.
The wetland area should consist of various depths and the following
distribution of depths in the wetland cell could be used as a guide.
•
•
•
•

•
•
•
•
Maintenance
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50 percent of the area should have 0.5-foot depth. This is the
outer most section of the wetland area closer to the berm of
the basin.
15 percent of the area should have 0.5 to 2-foot depth. This is
the next inner section of the wetland area.
15 percent of the area should have 3 to 4-feet depth. This is
the most inner section of the wetland area and mostly open
water section.
20 percent of the area should have greater than 3-feet depth
with maximum of 6-feet depth. This is the forebay or the pretreatment section of the wetland.
Other design considerations should include flow bypass for
higher frequency storms.
A soil study and geotechnical analysis should be conducted,
and soil through the wetland area should have an infiltration
rate low enough to maintain a permanent pool.
Careful selection of diversified wetland plant species is one of
the most important design aspects to avoid takeover of
wetlands system by invasive aquatic nuisance plants.
Table 1.5 summarizes the criteria for the design parameters
for storm water treatment wetlands.

Maintenance is the most important factor if storm water treatment
wetlands are to continue to function as originally designed. A specific
maintenance plan should be prepared outlining the schedule and scope
of maintenance operation. This plan should be included in the Storm
Water Quality Management Plan and submitted to the applicable
agency. The maintenance plan should include at a minimum:
• Inspection frequency, removal of floating debris and
accumulated petroleum products.
• Inspection and maintenance of outlet structures.
• Removal frequency and method of sediment disposal.
Minimum Design Criteria - Runoff Treatment BMP
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•
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Maintenance and management of the aquatic vegetation and
aesthetic appearance of the site.
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Table 1.7: Sizing Criteria for Storm Water Treatment Wetlands
Design Parameters

Wetlands1

Water quality treatment volume

0.5 inch of runoff from the drainage area

Permanent pool volume
Depth of sediment forebay (Pretreatment)

Same as water quality treatment volume

Volume of pre-settling basin or forebay 2
Pond geometry or length (L) to width
(W) ratio3
Side slope

Surface-area-to-pool-depth relationship

Wetland Vegetation
Distance between inlet and outlet

4 feet minimum and 6 feet maximum
20 % of the permanent pool volume
Length to width ratio of 3L:1W or more; layout
the pond to avoid dead storage areas and
minimize short-circuiting
3H:1V or flatter
50% of the area, 0.5 foot deep
15% of the area, 0.5 to 2 foot deep
15% of the area, 3 to 4 feet deep
20% of the area, greater than 3 feet deep with
maximum of 6 feet deep (forebay section)
Diverse mixture of floating, emergent and
submergent plants; consult a wetland specialist
for a specific plant species suitable to the project
site
Placed to maximize flow path and without
causing short-circuiting.

Outlet
Size to meet extended detention storage
1
Easement or restricted reserve dedication must contain wording that references the file
number (permit number) and the public entity that holds the plan. The plan must include the
maintenance schedule and frequency.
2

All inlets that convey storm water runoff should enter first the forebay or pre-treatment
basin.
3

The flowpath length from inlet to outlet should be measured along the deepest section and
the width can be found as (average top width + average bottom width)/2.
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APPENDIX (Design Check List)

Vegetated Filter Strips
Design Parameter

Minimum

Drainage Area Serviced
Width of Buffer Strip

20

Overland Travel Distance (to start of Vegetative
Buffer Strip)
Maximum Flow Velocity

Maximum

Units

101

Acres

45

ft

150

ft

1

2

Easement or Restricted Reserve
Slope

Value

ft/s
Acres

0.1%

10%

%

Flow Spreader
Sampling Location (Treated)
Type of Vegetation
Height of Vegetation

ft or inches

Collection System
Type of System
Design Frequency
Maximum Flow
Maximum Depth
Maintenance Considerations
Frequency of Owner/Operator Self Inspection
(per half inch rainfall event)
Frequency of Owner/Operator Self Inspection

every
1

2

weeks

6

12

months

Clear Out Criteria
Permit Renewal Frequency

Reporting Frequency, Certification Frequency, Permit Renewal, Operation Permit
1

In developments draining more than 10 acres, filter strips could be used as a supplement with
other best management practices.

2

The easement or plat dedication must contain wording which references the file number (or
permit number) and the public entity that holds the plan. The plan will include the accepted
maintenance plan.
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Grass Swales
Design Parameter

Minimum

Maximum

Value

101

Land Area Serviced
Length of Travel

Acres

50

Maximum Flow Velocity

ft
1.5

Design Depth

ft/s

1/2 grass height or 3
inch, whichever is less
Specify

Type of Grass
Roughness Coefficient

0.24

0.40

Longitudinal Slope

0.1

2%

Side Slope

Units

ft

%

3H:1V

Bottom Width

ft

Easement or Restricted Reserve2

Acres

Design Equation

Specify

Discharge Conditions

Specify

Sampling Location (Treated)

Specify

Conveyance of the less frequent storm such as a 2-year must be done in a different location or by a
different method. For properties larger than 10-acres, this system can be used in conjunction with one of
the detention ponds
Overflow Considerations
Overflow Elevation

Specify

Overflow Device

Specify

Design Equation

Specify

ft

Maintenance Considerations
Frequency of Owner/Operator Self Inspection
(per half inch rainfall event)
Frequency of Owner/Operator Self Inspection
Permit Renewal Frequency

every
1

2

weeks

6

12

months

Reporting Frequency, Certification Frequency, Permit Renewal, Operation Permit
1

In developments draining more than 10 acres, filter strips could be used as a supplement with
other best management practices.

2

The easement or plat dedication must contain wording which references the file number (or
permit number) and the public entity that holds the plan. The plan will include the accepted
maintenance plan.
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Dry Detention Basins
Minimum
Maximum
Value
Units
Design Parameter
Drainage Area Serviced
Acres
Easement or Restricted Reserve2
Acres
Design Depth
ft
Design Volume
0.5
Inch per acre
Side Slope
earthen channels => preferred) 3H:1V
H:V ft/ft
(concrete channels)
n/a
Bottom Slope earthen channels => preferred) 0.1
%
Design Water Surface Elevation
ft
Average Detention Time
24
Hours
Design Flow Rate
ft3/s
Outlet Type
Design Equation
Sampling Location (s) (Pre-treatment and
Treated)
Dual Use Design Considerations (Optional)
Design Storm (2-year, 100-year)
Detention Volume
Water Surface Elevation
ft
Side Slope
ft H/ft V
Outlet Size and Type
ft
Design Equation
Allowable and Design Flow Rate
ft3/s
Overflow Considerations
Overflow Elevation
ft
Overflow Device
Design Equation
Floatable Trapping Mechanism
Maintenance Considerations
Settling Basin Clean Out Criteria (% volume
50%
lost in forebay, if included in the design)
Frequency of Owner/Operator Self Inspection
every
(per half inch rainfall event)
Frequency of Owner/Operator Self Inspection
1
2
weeks
Permit Renewal Frequency
6
12
months
Reporting Frequency, Certification Frequency, Permit Renewal, Operation Permit
1
In developments draining more than 10 acres, filter strips could be used as a supplement with
other best management practices.
2

The easement or plat dedication must contain wording which references the file number (or
permit number) and the public entity that holds the plan. The plan will include the accepted
maintenance plan.
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Wet Ponds
Design Parameter
Minimum Maximum Value
Main Pool Depth at deepest point
4
6
Pond Area (includes berms, etc.)
Side Slope
3
Bench Elevation Above Permanent Water Surface
Elevation
Drainage Area Serviced
Easement or Restricted Reserve*
1
Length to Width Ratio
3
Forebay Volume %
20%
Design Volume
0.5
Side Slope
earthen
3
concrete
n/a
Design Water Surface Elevation
Outlet Type
Design Equation
Sampling Location (s) (Pre-treatment and
Treatment)
Vegetation Types
Vegetated Shelf Area
20%
Dual Use Design Considerations (Optional)
Design Storm (2-year, 100-year)
Detention Volume
Water Surface Elevation
Side Slope
Outlet Size and Type
Design Equation
Design Flow Rate
Overflow Considerations
Overflow Elevation
Overflow Path
Overflow Device
Design Equation
Floatable Trapping Mechanism
Maintenance Considerations
Settling Basin Clean Out Criteria (% volume lost
50%
in forebay)
Frequency of Owner/Operator Self Inspection (per every
half inch rainfall event)
Frequency of Owner/Operator Self Inspection
1
2
Permit Renewal Frequency
6
12
Reporting Frequency, Certification Frequency, Permit Renewal, Operation Permit
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Units
ft
ft2 or acres
ft H / ft V
ft
Acres
Acres

Inches per acre
H:V ft/ft
ft

acre-ft
ft
ft H/ft V
ft
ft3/s
ft

weeks
months

