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E.

Storm Water Quality Design
- Example #2: Detention System Combination Wet Extended Detention Pond

Use Figures 1 and 2 as aid to analysis as appropriate

Embankment (Follow Appropriale Dam Design Proceduras)
Antiseep Caltars

B 5 e
(Plarted as Marsh) R = - %
- ol ", A

Combination Wet Extended Detention Pond (Adapted from Schueler with modifications)

A 100-acre residential development with an imperviousness factor of 45 percent is
planned to have a single combination wet and dry extended detention pond for water
quality. A schematic of a potential residential development and stormwater pond is
shown in Storm Water Quality Design - Example #1. The wet volume is planned to be 50
percent of the total volume of the pond and, therefore, the applicable discharge rate for
the extended detention volume (pond full to the permanent wet volume level) is the full
to half-full rate of 12 hours. The determination of pond volume (total) and average outlet
rate is as follows:

From Figure 1, at 45 percent imperviousness, the required water quality volume of
the pond is 1650 ft® per acre, of which, in this design, 825 f* per acre is a permanent
wet pond. For 100 acres, this would result in a pond of 165,000 £ in volume with
82,500 ft* of wet volume. If the combined wet and dry extended detention pond area
were 1 acre, this would result in an average pond depth when full of 3.8 feet.

For the outlet structures, the full to wet pond volume maximum average discharge
rate from Figure 2 using 1,650 ft* per acre (although 50 percent is in wet volume and,
therefore, the detention time required is the full to half-full, the charts have been
developed based upon the entire volume) and the full to half full curve would be
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Required Water Quality

Average Outlet Rate (cubic
feet per second per acre)

0.019 cfs per acre, or 1.9 cfs for the 100-acre development. The sizing of the outlet
structure would depend upon the configuration of the outlet (e.g., pipe diameter) and
the head available in the pond. (See H. Storm Water Quality Design Example #5:
Extended Detention Outlet Structure, for an example of an extended detention outlet

design.)

Figure 1 |
Required Water Quality Design Volume for
Detention Based Systems
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F. Storm Water Quality Design
Example #3: Flow-Through Treatment System

Use Figure 3 as an aid to analysis as appropriate
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Vegetated Swale. Source: Portland Technical Guidance Handbook, 1991; Modified 1999

A 10-acre residential development with a weighted runoff coefficient of 0.55 is planned
to have a vegetated swale for water quality. The determination of the runoff ﬂow rate
that must be treated in the swale meeting the swale requirements is:

From Figure 3, at a weighted runoff coefficient of 0.55, the required water quality

treatment flow rate is 0.22 ft¥/s per acre; for this design (10 acres) the total flow rate

is 2.2 f¥/s. This flow rate must be conveyed in the swale in such a way that it meets
the design requirements for depth, hydraulic grade line, inflow locations, and length.
Hydraulic calculations and design drawings would be required to demonstrate that
these conditions were being met at the design flow rate.
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Figure 3
Required Flow-through Based
Storm Water Quality Control Flow Rate
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Example Schematic Site Plan for Vegetated Swale Design, incorporated within
development (low-impact development technique, which can reduce infrastructure
costs). Enhanced by incorporation of small storm/runoff infiltration areas.
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Water Quality Rate

Storm Water Quality Design
Example #4: Flow-through Treatment with Upstream Detention

Use Figure 4 as aid to analysis as appropriate

The developer of the 10-acre residential development in Storm Water Quality Design
Example #3 is considering upstream detention to reduce the rate that must be treated in
the swale.

In this example, if upstream detention of a volume designed to equal to 0.3 inches of
rainfall/runoff from the site, with a release rate equivalent to 0.3 inches per hour of rain
(e.g., rate to the swale is reduced from the runoff from 0.4 inches per hour to 0.3 inches
per hour) were provided, from Figure 4 (top curve at weighted runoff coefficient of 0.55),
the swale treatment rate would be reduced to 0.165 ft*/s per acre, for a total runoff rate of
1.65 f*/s. This would result in a 25 percent reduction in the flow rate that must meet the
swale requirements for depth of flow, velocity, etc.

If a 0.9 inch detention volume were utilized (bottom curve) with an average outlet rate
equal to that realized from 0.1 inches of rainfall per hour, the resulting swale treatment
rate from Figure 4 would be 0.055 ft}/s per acre (or 0.55 ft’/s for the 10-acre site). In this
case, it would reduce the flow rate that the swale must be able to demonstrate treatment
for by over 70 percent. In the event that 0.4 inches of rain occurred for 3 hours in a row
and then ended, the runoff from the detention pond would extend about 9 hours afier
rainfall ended. Although this detention volume approaches the size of a detention based
water quality facility, it would be drained much faster, which may, in some cases, be
desirable (e.g., if the facility were to designed to serve another function when dry).

Figure 4: Flow-through Based Water Quality Flow Rate
with Upstream Detention Volume
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\ Water Quality Caplure Volume

Storm Water Quality Design
Example #5: Extended Detention Outlet Structure

Combinations of weirs, pipes, and orifices can be utilized to provide a variable
stage-discharge curve that is suitable for meeting draw-down/detention time
requirements, as well as peak flow control for flood control. There can be a
shared outlet control or multiple separate outlet controls. One of the more
common techniques for achieving extended detention is the use of a perforated
riser. Others include restricted weirs, pipes with valves, and restricted orifices.
The designer is encouraged to consult with stormwater guidance manuals and
hydraulic design texts.

This example of the perforated riser below should not be viewed as a specific
recommendation of this type of structure. It is up to the project engineer to
develop an adequate and effective design. The example below is for the extended
detention wet pond, where there is only one extended detention flow rate given.
For designs with two draw-down time requirements (e.g., full to half-full and
half-full to empty), the design analysis below could be applied to each segment of
the storage with an appropriate accounting for when both risers (or areas of a
riser) would be draining the pond (e.g., the full to half-full discharge). The
procedure below requires some iterations between potential design and resulting
flow rates. The designer will need a depth/pond volume curve in order to
complete the design.

Threaded Cap

Level (including 20% additional

volume lor sediment storage) ™~ Aemovable & Lockable

Overflow Grate for
Larger Storms

Gravel {(1-1/2" to
3° Rock) Around
/Pedoraled Riser

Filter Fabric

1. The oullet pipe shall be sized o control
averilow into the conceete riser,

2. Ahernate designs include a . { .
Hydrobrake ouljet (or oritice o \
designs} as long as the hydraulic
periomance matches this Hyd ic Uolil
canfiguration, OUTLET WORKS ydrostatic Uplilt

.« c
N Access Pi Outlet Pipe —
Waler C)ualige i - {Min.31t)
Riser Pipe {See Delad)” =~ Sl ol e —

Size Base to Prevent

NOT TO SCALE

Example Perforated Riser Design (Urban Drainage and Flood Control District, 1992)
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The following equation has been developed (based upon experimentation) to estimate the
flow rate at a given depth from a perforate riser (McEnroe et. Al., 1987):

Q =Cy 2An (2g)'?h?

3hy,
Where: Q = discharge through all the submerged riser holes at a given depth, cfs
Cn = discharge coefficient given as 0.611 by the author
A, = area of all submerged holes in the perforated section, i

hi = distance from d/2 below the centerline of the lowest hole to d/2 above
the centerline of the highest submerged hole, ft (where d is the
vertical) spacing between holes, ft (assumes that bottom of pond is d/2
from bottom hole)

h = head on riser pipe measured from d/2 below the centerline of the
lowest hole to the water surface

The maximum recommended number of perforated columns for a selected pipe diameter
has been suggested by the Urban Drainage and Flood Control District (1992). Note that
the number of rows will depend on the depth of the water being drained and the desired
detention time.

Riser Hole Diameter (in.)
Diameter (in.) 1/4" 12" 3/4" 1"
4 8 8 - .
6 12 12 9 -
8 16 16 12 8
10 20 20 14 10
12 24 24 18 12
Hole Diameter (in.) Area of Hole (in2)
1/8" 0.013
1/4" 0.049
3/8" 0.11
12" 0.196
5/8" 0.307
3/14" 0.442
7/8" 0.601
1" 0.785

A suggested maximum number of perforated columns (Urban Drainage and
Flood Control District, 1992) per pipe diameter size. Note that columns refer to
the number of holes in the circumference of the pipe, evenly spaced around.
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The design of the structure involves a trial and error approach as the design equation is
for a flow rate at a given depth. Information needed in addition to the basic sizing
information from Example #2 is the depth above the wet pond surface vs. extended
detention volume relationship. For this example, a curve is provided. The approach
illustrated included the development of a potential riser design selecting the size of the
riser pipe, the size of the individual holes, the spacing between rows and the appropriate
number of holes, and then testing it’s ability to meet the minimum draw-down time of 12
hours (e.g., draw-down times can be longer). This process was performed until the
illustrated design was achieved.

For this example, a calculation sheet is shown that demonstrates that a potential design
meets the minimum draw-down time of 12 hours. In this case, the riser designed was a
12-inch riser with 1-inch holes. These were spaced 1.5 inches apart in the vertical
direction (note that with this close of spacing, it would be recommended to off-set the
holes from each other such that every other row is lined up). For purposes of estimating
the draw-down time, flow rates (in cfs) were calculated at d/2 above the centerline of
each hole, and then the average flow rate was estimated using a simple average between
that flow rate calculated for a row and the next lower row (again d/2 above the centerline
of the holes in that row). Note that the bottom row is below the water surface elevation
of the pond. These holes should be designed for the low flow in the pond (in this case,
the low flow is about 0.040 cubic feet per second). The average flow rate is applied to
the detention volume associated with the elevation difference between the two calculated
flow rates to determine the draining time associated with that interval. These are then
added up to estimate the total draw-down time.

Note that in this example, the perforated riser design results in a higher than 12 hours
extended detention time (18.5 hours). If a faster drain rate were desired, due to the
number of perforations, a second riser would likely be employed. In this case, a draw-
down time of 18.5 hours was considered to be “workable” with the development and
would in fact enhance the treatment provided.
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