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Abstract

Wet detention ponds are probably the most common management practice for the control of stormwater runoff
quality. If properly designed, constructed, and maintained, they can be very effectivein controlling a wide range of
pollutants and peak runoff flow rates. Thereis probably more information concerning the design and performance of
detention pondsin the literature than for any other stormwater control device. Wet detention ponds are avery robust
method for reducing stormwater pollutants. They typically show significant pollutant reductions aslong as afew
design-related attributes are met. Many details are available to enhance performance, and safety, that should be
followed. Many processes are responsible for the pollutant removals observed in wet detention ponds. Physical
sedimentation is the most significant removal mechanism. However, biological and chemical processes can also
contribute important pollutant reductions. The extensive use of aquatic plants, in a controlled manner, can provide
additional pollutant removals. Wet detention ponds are also suitable for enhancement with chemical and advanced
physical processes.

Introduction

This chapter discusses one of the most often used and most effective stormwater control practice: wet detention
ponds. There are many stormwater control practices, but all are not suitable in every situation. It isimportant to
understand which controls are suitable for the site conditions and can also achieve the required goals. Thiswill assist
in the realistic evaluation for each practice of: the technical feasibility, implementation costs, and long-term

mai ntenance requirements and costs. It is aso important to appreciate that the reliability and performance of many

of these controls have not been well established, with some still in the development stage. Thisis not to say that
emerging controls cannot be effective, however, they do not have alarge amount of historical data on which to base
designs or to be confident that performance criteriawill be met under the local conditions. The most promising and
best understood stormwater control practices are wet detention ponds. Less reliable in terms of predicting
performance, but showing promise, are stormwater filters, wetlands, and percolation basins (Roesner, et al. 1989).
Grass swales also have shown great promise during the EPA’ s Nationwide Urban Runoff Program (NURP) (EPA
1983) and other research projects. During the last 10 to 30 years, much experience has been gained with many
stormwater practices, especially source controls and stream restoration efforts. An effective stormwater management
program likely must contain elements of many control practices to be most cost-effective. The combinations of
practices that are most efficient for a specific areamust be selected based on many site-specific conditions and local
objectives. In many cases, wet detention ponds can be an important stormwater control that should be given serious
consideration.

Wet detention ponds are also one of the most robust stormwater control practices available. Although a good
maintenance program is necessary to ensure the best performance and minimize associated problems, many
stormwater ponds have functioned well with minimal maintenance. In addition, as long as certain design guidelines
are followed, many design details that are worthwhile to consider do not create critical problemsif incorrectly
implemented. Finally, it is possibleto retrofit stormwater ponds and correct many of these problems as experience
dictates. These robust attributes are rare for most stormwater control practices. As an example, a study of 11 types of
stormwater quality and quantity control practices used in Prince George' s County, Maryland (Metropolitan



Washington Council of Governments 1992) was conducted to examine their performance and longevity. They
concluded that several types of stormwater control practices had either failed or were not performing as well as
intended. Generally, wet ponds, artificial marshes, sand filters, and infiltration trenches achieved moderate to high
levels of removal for both particulate and soluble pollutants. Only wet ponds and artificial marshes were found to
function for arelatively long time without frequent maintenance. Control practices, which were found to perform
poorly, included infiltration basins, porous pavements, grassfilters, swales, smaller “ pocket” wetlands, extended
detention dry ponds, and oil/grit separators. Infiltration stormwater controls had high failure rates that could often be
attributed to poor initial site selection and/or lack of proper maintenance. The poor performance of some of the
controls was likely afunction of poor design, improper installation, inadequate maintenance, and/or unsuitable
placement of the control. Greater attention to these details would probably reduce the failure rate of these practices.
The wet ponds and artificial marshes were much more robust and functioned adequately under a wider range of
marginal conditions.

The magjority of stormwater treatment practices are most effective for the removal of particulate forms of pollutants
only, especially the settleable solids fraction. Removal of dissolved, or colloidal, pollutantsis minimal and therefore
pollution prevention or control at the sources offers a more effective way to control the dissolved pollutants.
Fortunately, most toxic stormwater pollutants (heavy metals and organic compounds) are mostly association with
stormwater particulates (Pitt, et al. 1995). Therefore, the removal of the solids will aso remove much of the
pollutants of interest. Notable exceptions of potential concern include: nitrates, chlorides, zinc, pathogens, 1,3-
dichlorobenzene, fluoranthene, and pyrene. Stormwater ponds mostly utilize sedimentation as the main pollutant
removal mechanism. However, chemical and biological mechanisms are also available, especially when the pond is
appropriately planted with wetland vegetation. Stormwater ponds, while costly, also generally add substantial value
to adjacent property, if designed and maintained well. The following are general conclusions pertaining to
stormwater detention facilities.

Expected Detention Pond Performance

- Dry ponds have little documented direct water quality benefits due to scouring of bottom sediments.
Decreased receiving water velocities will decrease receiving water bank erosion and will improve aquatic habitat,
however.

- Wet ponds have been extensively monitored under awide variety of conditions. If well designed and
properly maintained, suspended solids removals of 70 to 90% can be obtained. BODs and COD removals of about
70%, nutrient removals of about 60 to 70%, and heavy metal removals of about 60 to 95% can also be obtained.
Limited bacteria control (maybe up to 50%) can be expected in the absence of disinfection. Wet ponds can also be
designed to obtain significant flood control benefits.

Potential Detention Pond Problems

- Wet ponds can require about three to six years to obtain an ecol ogical balance. During theinitial unstable
period, excessive algal growths, fish kills, and nuisance odors may occur.

- Wet ponds can have poor water quality and water contact recreation and consumptive fishing should be
discouraged.

- Careful watershed-wide planning is needed to insure composite flood control benefits from many ponds
in awatershed.

Wet Detention Pond Design Guidelinesto Minimize Potential Problems

- Keep pond shape simple to encourage good water circulation. The length should be about three to five
times the width for maximum detention efficiency and the inlets and outlets need to be widely spaced to minimize
short-circuiting.

- Need at |east three and preferably six feet of permanent standing water over most of the pond to protect
sediments from scouring, to decrease light penetration (to minimize rooted aquatic plant growths), and to increase
winter survival of fish.

- Increase flushing during extended dry periods, possibly with groundwater, to improve water quality.
Reduce contaminated baseflows from entering the pond through source controls.

- Proper pond side slopes are very important to improve safety and aesthetics and to minimize mosquito
problems and excessive rooted plant growths. An underwater shelf near the pond edge needs to be planted with
rooted aguatic plants to prevent children’s access to deep water, to improve pond aesthetics, to increase pollutant



removals through biochemical processes, and to improve aquatic habitat. If waterfowl are desired users of the pond,
then no more than one-half of the pond perimeter should be heavily planted. The following general dimensions for
pond side slopes are suggested:

Rooted aguatic plants on_shelf

1:10'to 1:4 slop8 I\]/ M (A(/U)’

to normal high water

level M M Normal water level range
1:4 to 1:1 slope Vs o J

VY

Flat shelf (at least 3' wide) Permanent pool depth

(at least 3', preferably 6')
As steep as possible/

\

- Outlet structures should be designed for low outflows during low pond depths to maximize particul ate
retention. Place underwater dams or deeper sediment trapping forebays near pond inlets to decrease required
dredging areas. Provide adrain to completely de-water the pond for easier maintenance.

- Protect theinlet and outlet areas from scour erosion and cover the inlets and outlets with appropriate
safety gratings. Provide an adequate emergency spillway. Minimize water elevation changes to discourage mosguito
problems.

Required Stormwater Detention Pond Maintenance

- If the pond does not require any maintenance, it is not producing very many water quality benefits. Ponds
need to be periodically dredged to remove contaminated bottom sediments.

- Plan extrapond depth for sacrificial volume to lengthen dredging intervals (approximately one inch per
year, much morein forebays). Also plan for heavy equipment access to pond edges.

- Remove excessive algae and other aguatic plants to prevent decomposition and nutrient cycling and
associated nuisance conditions.

Basic Wet Detention Pond Design Guidelines

- Engineering design guidelines (covering such things as foundations, fill materials, embankments,
gratings, anti-seep collars, and emergency spillway construction), such as published by the U.S. Natural Resources
Conservation Service, the Bureau of Reclamation, and the Army Corps of Engineers must be followed.

- Pond sizeis dictated mostly by desired particle size control and water outflow rate. The following tableis
an estimate of pond surface requirements for different land uses and conditions. A target for the worst-case control
of 5 mmwill remove all particles greater than 5 mm under almost all conditions and will result in along-term median
removal of about 2 nm. This control goal corresponds to about 90% suspended solids reductions in urban runoff. A
worst-case goal of 20 nm control will result in about 65% suspended solids reductions.



Percent of drainage area required as pond for:

Land Use 5 nm control 20 nm control
Totally paved areas 3.0 percent 1.1 percent
Freeways 28 1.0

Industrial areas 2.0 0.8
Commercial areas 1.7 0.6
Institutional areas 1.7 0.6
Residential areas 0.8 0.3

Open space areas 0.6 0.2
Construction sites 15 0.5

Wet Detention Pond Costs

- Initial wet detention pond construction costs are roughly estimated to be about $40,000 per acre of pond
surface (excluding land costs).

- Maintenance costs are estimated to be about $1500 per pond surface acre per year.

Pond Size Calculation

- The following table shows the minimum pond surface area (acres) required for different freeboard
elevations above the invert of 60 degree and 90 degree V-notch weirs, for both 5 and 20 nm particle control:

600 V-notch weir 90° V-notch weir

Head Discharge Min. surface acresfor: Discharge Min. surface acresfor:
(feet) (cfs) 5mm 20mm (cfs) 5mm 20mm
0.5 0.25 0.044 0.004 0.45 0.08 0.006
1 14 0.25 0.02 24 0.42 0.03
15 3.9 0.69 0.06 6.7 1.2 0.1

2 8.0 14 0.11 14 25 0.2

3 2 3.9 0.32 40 7.1 0.6

4 45 7.9 0.65 81 14 1.2

A review of wet detention pond design procedures must include four very important publications that all stormwater
managers should have. Tom Schueler’ s Controlling Urban Runoff: A Practical Manual for Planning and Designing
Urban Best Management Practices (1987) includes many alternative wet pond designs for various locations and
conditions. Watershed Protection Techniquesis a periodical published by Schueler at the Center for Watershed
Protection (Ellicott City, Maryland) and includes many summaries of current stormwater management research,
including new devel oping design procedures and performance data for detention ponds. In addition, Peter Stahre’'s
and Ben Urbonas' s book on Stormwater Detention for Drainage, Water Quality and CSO Management (1990)
includes in-depth discussions on many detention pond design and operational issues. Also, Gary Minton recently
published a comprehensive manual on stormwater treatment, Stormwater Treatment; Biological, Chemical &
Engineering Principles (2002) that stormwater managers should also have access to. In addition, the on-going ACSE
BM P database contains a growing number of case studies documenting stormwater control performance from many
USocations. This databaseis located at:

http://www.asce.org/community/waterresources/nsbmpdb.cfm




Orlando, FL, convention center pond

Dayton, OH, shopping mall pond (multiple ponds
surrounding parking area)

Downtown Austin pond, following oil and grease trap

Figure 1. Ponds located in commercial areas.

Gulfport, MS, shopping center pond

. - fuun st SR
Birmingham, AL, shopping center pond, showing
vegetated safety ledge

Monroe St. pond in Madison, WI (WI DNR photo)




Auckland, NZ, pond with multi-stage riser

Middleton, WI, pond (heavy erosion filled
pond)
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- 1
Wisconsin DOT pond at work area

Birmingham, AL, construction site pond
Figure 2. Temporary ponds at construction sites.
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area

Middleton, WI, pond at conservation design
subdivision

Milwaukee, WI, apartment complex pond

Charleston, uth Carolina, pond in restricted residential
development



Large Alameda County, CA, pond serving

surrounding residential, office, and
commercial area

Figure 3. Residential area ponds

Birmingham, AL, industrial area pond
Figure 4. Industrial area ponds.

Hoover, AL, pond located in new park treating runoff from adjacent
residential area

Lake Oswego, OR, pond treating runoff o adjacent ppi ng
center and apartment complex




Snowmass, CO, pond ] Snowmass, CO, pond

Mountain Home, Telluride, CO, pond
Figure 5. Ponds at resort communities.

Background

Detention ponds are probably the most common management practice for the control of stormwater sediment. If
properly designed, constructed, and maintained, they can be very effective in controlling a wide range of pollutants
and peak runoff flow rates. In an early 1980 survey of citiesin the U.S. and Canada, the American Public Works
Association found more than 2,000 wet ponds, more than 6,000 dry ponds, more than 3,000 parking lot multi-use
detention areas, and more than 500 rooftop storage facilities (Smith 1982). About half of the wet detention ponds
were publicly owned. In some areas of the U.S., detention ponds have been required for some time and are therefore
much more numerous than el sewhere. In Montgomery County, Maryland, as an example, detention ponds were first
required in 1971, with more than 100 facilities planned during that first year, and about 50 actually constructed. By
1978, more than 500 detention facilities had been constructed in Montgomery County alone (Williams 1982). In
DuPage County, Illinois, near Chicago, more than 900 stormwater detention facilities (some natural) receive urban
runoff (McComas and Sefton 1985).

Thereis probably more information concerning the design and performance of detention ponds in the literature than
for any other stormwater control device. Wet detention ponds are also avery robust method for reducing stormwater
pollutants. They typically show significant pollutant reductions as long as a few basic design-related attributes are
met (most important being size). Many details are available to enhance performance, and safety, that should be
followed. Many processes are responsible for the pollutant removals observed in wet detention ponds. Physical
sedimentation is the most significant removal mechanism. However, biological and chemical processes can aso
contribute important pollutant reductions. The extensive use of aquatic plants, in a controlled manner, can provide
additional pollutant removals. Magmedov, et al. (1996), for example, report on the use of wetlands for treatment of
stormwater runoff in the UK and in the Ukraine, including design guidelines. Wet detention ponds also are suitable
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for enhancement with chemical and advanced physical processes. Lamella plate and tube separators, air floatation,
filtration, and UV disinfection are examples of treatment enhancements being investigated in France, and elsewhere
(Bernard, et al. 1996; Delporte 1996; Pitt, et al. 1999).

Ellis (1993) describes design guidelines for areed bed wetland for the treatment of stormwater. These are compact
control practices that have little standing water. Most of the removal of pollutants occursin the root zone of the
selected wetland plants, with pretreatment provided by a grit chamber and possibly agrassfilter. A small micropool
can also be used after the reed bed. It is expected that these wetlands would provide from 50 to 90% reductions of
suspended solids, and up to 90% removal of heavy metals.

Little information has been provided in the literature on the performance of artificial wetlandsin cold climates for
stormwater treatment. Dormant plants provide i neffective mechanisms for pollutant removal, plus scour of
previously retained pollutants may increase during periods of dormancy. It is recommended that stormwater
wetlands be used as polishing treatment devices, after pretreatment with more robust devices (such as wet detention
ponds), in areas having severe weather. Flows should also be diverted around wetland treatment systems whenever
the plants are dormant, except for necessary flows to sustain natural moisture conditions. Harvesting of aquatic
plantsisalso probably needed in wetland treatment systems. Decomposition of plants readily release nutrients and
other organic material that may degrade water quality.

Multiple Benefits of Detention Facilities

The most common multiple benefit of detention facilities built for water quality improvementsis flood control. If
appropriately designed, wet detention ponds can provide significant peak flow rate reductions. Ponds by themselves
provide little runoff volume reductions, but can be designed in conjunction with infiltration devicesto provide water
quality in addition to peak flow rate and water volume reduction benefits. In order to provide flood control benefits,
substantial freeboard storage above the normal wet pond elevation must be provided. This has been commonly done
in open space land uses such as parks and golf courses where periodic short-term flooding does not detract from the
other uses of the land.

Many people enjoy wetlands (including wet detention ponds) in urban settings. Adams, et al. (1982) reports a
typical comment from aresident living near awet detention pond in Columbia, Maryland: “...now that they've
matured, we' re reaping rewards from all the wildlife using the ponds.” Numerous ducks, herons, egrets, songbirds,
mammal s, and amphibians have been observed and highly prized by residentsliving near these small artificial
wetlands. Establishing natural aquatic vegetation (rooted macrophytes) on the shallow shelf edges of the ponds
make them more attractive to wildlife and enhances their beauty.

Fishing is also popular in many wet detention facilities, especially by children, although fish consumption should
usually be discouraged due to the possibility of accumulations of toxic substances. Many currently enjoy
recreational fishing in wet detention facilities using catch-and-rel ease.

The integration of properly designed, constructed, and maintained wet detention pondsinto parks and linear green
(and blue) belts can provide substantial community benefits, even if the water quality in the pondsisless than
“good” (Jones and Jones 1982). Flood control, non-contact recreation, non-consumptive fishing, education, and
aesthetics benefits have all been achieved at many wet detention ponds. Stormwater reuse has also been incorporated
into the design of wet-detention systems constructed in Florida. Stormwater reuse reduces the volume of stormwater
discharged downstream thereby decreasing the loss of potentially valuable freshwater resource. Additionally, by
reusing the detained stormwater instead of discharging it, the treatment efficiency of the stormwater detention pond
was increased thereby decreasing the pollutant load delivered downstream (Livingston 1999).

Thedirect and nearby benefits of wet detention facilities on in-stream biological conditionsis not clear. Maxted and
Shaver (1996) studied the use of wet detention ponds, constructed to mitigate stormwater impacts on aguatic life.
Physical habitat and biological measurements were taken below eight ponds. Two of the sites werein commercial
areas, while six were in residential areas. These results were compared to 38 sites with no ponds that had been
sampled in 1993. The ponds did not prevent the almost complete loss of sensitive species and they did not attenuate
the impacts of urbanization once the watershed reached 20% impervious cover. They concluded that the data set size
was too small for a conclusive evaluation of the effectiveness of stormwater controlsto protect stream biota and
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habitat. It is also possible that the stormwater facilities studied were not used long enough to achieve improvements
in habitat and to repopul ate the species.

Crunkilton and Kron (1999) measured the toxicity of stormwater runoff before and after it had been allowed to flow
through a pilot-scal e wet-detention pond. Selected heavy metals and PAH compounds were measured in incoming
and outgoing-settling pond water. Daphnia magna and Pimephales promel as (fathead minnow) were exposed to pre
and post-settling pond treated stormwater runoff for three test periods of 14 days each in 1996 and 1997. The pond
significantly reduced the toxicity of the stormwater with treatment, although there was still important residual
toxicity remaining. Lieb and Carline (2000) examined the impact of runoff from a stormwater pond on the
macroinvertebrate community in asmall headwater stream downstream of the pond in central Pennsylvania.
Invertebrate communities 98 m and 351 m downstream of the pond were highly degraded, while acommunity 798
m downstream was markedly |less degraded. Despite downstream improvement, all three sites were considered
impaired relative to areference community. These results were found to generally be in agreement with those of
similar studiesin other states and reinforced the need for land-use planning that considers the potential negative
effects of urbanization on headwater streams. Based on an investigation into phytoplankton and periphyton algal
communities of two recently constructed stormwater management ponds, Olding (2000) suggested that stormwater
impacts on biological communities are reduced during passage through wet stormwater treatment ponds, providing a
degree of protection for biological communitiesin receiving waters by reducing harmful toxins and nutrients. The
lack of blue-green algae suggested that stormwater facilities could be engineered to inhibit undesirable algal
communities. Marsalek, et al. (2002) reported on an assessment of the impacts of urban development on asmall
creek with an on-stream stormwater pond. The assessment included creek-pond system hydrology, water and
sediment chemistry and toxicity, and benthic communities. They concluded that the pond accumulated sediments
and toxicants and thereby prevented further degradation of the creek condition downstream of the plaza drainage
outfall.

Side-stream bioassay laboratory, Lincoln Creek,
Milwaukee, WI

Construction of bi oassay test lab
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Figure 6. Lincoln Creek bioassay test site and example test results.

Delayed toxicity to stormwater

Dry Ponds

Dry ponds have been extensively used throughout the U.S. and other countries (EPA 1983). These ponds have been
constructed to reduce peak runoff rates (peak shaving), with typically little consideration given to runoff quality
improvement. Their main purpose has therefore been in flood control by reducing flows and water elevationsin the
receiving waters. These flow reductions can also improve the aquatic habitat by reducing flushing of fish and other
organisms from urban creeks (Pitt and Bissonnette 1984). Flow reductions al so reduce downstream channel bank
erosion and bottom scour. The use of many dry pondsin awatershed, without regard to their accumul ative effect,
can actually increase downstream flooding or channel scour problems (McCuen, et al. 1984). The delayed discharge
of amass of water from adry pond may be superimposed on amore critical portion of the receiving water
hydrograph.

Because these ponds are normally dry and only contain water for relatively short periods of time, they can be
constructed as part of parking lots, athletic fields, tennis courts and other multi-use areas. Their outlets are designed
to transmit all flows up to a specific design flow rate, after which excess flows are temporarily backed-up. In many
cases, they only contain water during afew rains each year.

Several dry detention ponds were examined as part of the Nationwide Urban Runoff Program (NURP), with
monitored pollutant removals ranging from insignificant to quite poor (EPA 1983). Sedimentation may occur in dry
ponds, but only during the major storms when flows are retained in the pond. The deposited material must be
removed after each treated rain, or it can easily be resuspended by later rains and washed into the receiving waters.
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Adler (1981) found that new sediment deposits have little cohesion and without removal as part of a maintenance
program, or without several feet of overlaying water, bottom scour is probable.

Because of the poor documented stormwater pollutant control effectiveness of dry detention ponds, they cannot be
recommended as viable water quality control measures. However, they can be very effective when used in
conjunction with other stormwater control practices (such as between awet detention pond and an infiltration or
grassfilter area). They can also be very effective in reducing the energy associated with stormwater discharges and
helping to stabilize degraded receiving water habitat.

WE s

Typical sm | dry pond (WI DNR photo)

East Lake Festival Center, Birmingham, AL,
“bathtub” dry pond



Madison, WI, golf course dry pond with concrete pilot channel

East Lake Festival Center, Birmingham, AL,
dry pond

Los Angeles River, CA, stormwater pumping station forebay

Madison, WI, dry pond at apartment complex
play field
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Underground plastic pipe detention facility during construction

Austm TX dry pond prlor to horlzontal flow
sand filter

Typical dry pond with fence and steep slopes
Figure 7. Examples of dry detention ponds.

Wet Detention Ponds

Wet detention ponds maintain several feet of water in a permanent pool. The runoff water is detained for varying
periods of time, depending on the pond detention volume and the storm runoff flow rate and duration. Detention
times (residence) can vary from several minutes for small ponds receiving high flows to many days for large ponds
receiving relatively small flows. Monitored performance of wet ponds during the NURP programranged from poor
to excellent, generally depending on the size of the detention pond rel ative to the watershed area served and storm
characteristics (EPA 1983). Sedimentation is the main pollutant removal process, but biological processes can also
substantially reduce concentrations of soluble nutrients by converting them into algae and by providing substrate for
beneficial bacteria. If the algae is removed from the detention pond, nutrient discharges to the receiving waters can
be reduced. If algaeis not harvested from the ponds, dead algae can be decomposed back into soluble nutrient forms
(and exert biochemical oxygen demand) either in the detention pond or in the receiving water. Wet ponds can be



very effective in the control of stormwater runoff flows and pollutants, but must be carefully designed and
maintained to prevent nuisance conditions from developing.

Extended Detention (Combination) Ponds

Extended detention, or combination wet/dry, ponds are normally dry, but have special outlets that cause the slow
release of impounded water. They are therefore not as conveniently used for other uses, such as parking lots. Outlet
modifications can be easily made to existing dry ponds to make them into extended detention ponds and
significantly improve their stormwater pollutant control effectiveness (EPA 1983). Since they are normally dry and
lack a protective water cover over the deposited sediment, they must be frequently maintained to remove
accumulated sediment before a flushing rain occurs. Biological activity is restricted, reducing the potential of high
nutrient removalss, but they also have reduced potentials for nuisance algal growths and mosquito production.
Depending on their design, extended detention ponds may behave as artificial wetlands, grassfilters or percolation
ponds, with much greater pollutant removal benefits, compared to dry ponds.

Figure 8. Long Island, NY, percolation pond.

Caltransinitiated astudy in two Districts (Los Angeles and San Diego, California) to examine the benefits, technical
feasibility, costs and operation and maintenance requirements of retrofitting extended detention facilitiesinto
existing highway and related infrastructure (Taylor, et al. 2001). Monitored constituents will include suspended
solids, metals, nutrients, and organics (e.g., gasoline). Detailed records will also be kept for maintenance and
operations requirements. Sampling results showed average suspended solids removal was 73%, total metals removal
varied between 61% and 75%, while dissolved metals removal varied between 16% and 44%. Removal was lowest
for nutrients, especially nitrate, which was about 17%. A concrete lined basin showed lower removal rates. Major
removal of sediment is estimated to be required every 10 years.

Roof Storage

Specialized detention “ponds” include roof storage of water. These behave like dry ponds, as permanent standing
water is not desirable. Roof water runoff rates can be substantially reduced by temporary detaining roof water. Very
few particulates are found in roof runoff waters (Pitt and McLean 1986), so rooftop particul ate sedimentation is not
very important. The reduction of roof runoff flow rates can significantly reduce erosion near downspouts and
“slower” roof runoff can be more easily treated by infiltration devices. Plastic rings with holes, or gravel, can be
placed around roof drain inlets to slow water runoff from roofs. Water depths of two or three inches can be safely
held on most roofs, with roof runoff rates reduced to about 0.6 cubic feet per second per acre of roof (Ontario 1984).

Rospond (1976) studied the effects of roof storage on site hydrology and found it to be very effectivein reducing
peak flows. He found that substantial cost savings resulted because of reduced pipe savings, even when considering
the extra structural costs associated with strengthening the roofing systems. Controlling roof runoff rates also allows
significant savings when infiltration devices are also needed. By storing runoff on the roof, infiltration trenches to
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store runoff from periods of peak rain intensities are not needed. Simple surface percolation areas created by site
grading and landscaping may be sufficient for most cases. Substantial cost savings would then be realized because
excavation of trenches and purchased filter fabric and rock fill would not be needed. Long term maintenance of the
infiltration areawould also be less of a problem with a surface percolation area as compared with an infiltration
trench system.

“Green roofs’ can be effective for stormwater management, but they usually have limited storage. Their benefits are
normally associated with increased evapotranspiration of water from the multiple layers of plants and light-weight
soil placed on aroof.

e \ -

Figure 9. Naturally occurring rooftop storage of rainwater on flat commercial roofs.

Up-Sized Pipes

Enlarged pipe sections have been used to create in-line detention within the storm drainage system. These large pipe
sections slow the water velocity and provide a sump for sediment. They remove suspended sediment through
sedimentation and bed load sediment by trapping. An up-sized pipe section was monitored in Lansing, Michigan as
part of aNURP project (Luzkow, et al. 1981). This device had a54” inlet pipe entering a 144’ section of 96" up-
sized pipe. A 48" outlet pipe was used. All pipes had their crowns aligned, were made of reinforced concrete, and
were at slightly less than a 1% slope. The performance of this device was variable, but much larger in-line systems
(such asthe deep tunnelsin Chicago and Milwaukee for the control of combined sewer overflows) can be expected
to have much more consistent and better performance. The required maintenance of underground devices that collect
large amounts of sediment may be difficult, however. The Lansing, Michigan, tests of the up-sized pipes found
particulate residue removals of about 30 to 50 percent. Large quantities of trapped bed load were also retained (not
captured in the automatic samplers), but BODs and nutrient removals were quite low (Luzkow, et al. 1981).

Underground Rock-Filled Detention

Another form of underground sedimentation, rock filled detention reservoirs, has been used in very high density
commercial areasin the New Y ork City and Boston areas (Heimbuch 1981). These are created under buildings
during building excavation and are designed for peak flow reduction and not for pollutant removal. Collected
stormwater is distributed through finger type perforated galleries that are rock filled. The stormwater is detained
underground and slowly released through a control orifice. These devices are most suitable where excessive rock is
produced during excavation. Even though the volumes of the galleries are about three times the volumes required for
cisternsthat are not rock filled, the rock filled system is substantially less expensive because of the structural support
provided and the unfinished walls. Maintenance to remove deposited sediment is not possible, but the distribution



system minimizes clogging. Excess volume must be provided for sediment storage for the life of the project.
Sediment removal performance may possibly decrease and sediment scour may increase with time.

Use with Other Controls

Detention facilities can be easily used in conjunction with other stormwater control devices. Upland infiltration can
be used to treat parking lot and roof runoff, substantially reducing the size of “downstream” detention facilities.
Even with source area controls, detention faculties can be very important in industrial areasto help treat dry weather
urban runoff. Hawley, et al. (1981) described a*“treatment-train” that was a series of control devicesthat used a
preliminary sedimentation trap, followed by a grassfilter strip and awet detention pond. This arrangement would
substantially decrease sedimentation (and required maintenance) and substantially reduce nuisance conditionsin the
detention facility.

Beyerlin (1999) described the short-comings of relying on stormwater-detention facilities for complete mitigation of
urban runoff problems. Increased winter flood flows, decreased summer low flows, and a general degradation of the
stream systems have occurred with development. It was concluded that these problems persisted because of the
attempt of replacing the complex interactions of the hydrologic cycle with a pond, which was not possible.

: Austi n TX, MoPac Highway treatment unit using
Moody, AL, storage tank for capture of SSOs prior to accident discharge diversion capture pond, dry pond,

treatment plant and horizontal flow sand filter

z _!

Retrofitted sump at inlet to provide capture of sediment

Gravity separation of wet weather solidsin CSO swirl ]
as catchbasin

concentrators at Tangen, Germany



Sedimentation forebay before vertical flow sand filter at
Austin, TX
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Inclined tube settlers and sorbnt socksat MCTT

installation in Milwaukee, WI
Figure 10. Other controls utilizing sedimentation for the treatment of wet weather flows.

Examples of Detention Pond Performance

There have been many studies that have examined detention pond performance. They included |aboratory settling
column tests, pilot scale laboratory experiments, and full-scale field experiments. Colston (1974), during laboratory
tests, found that fifteen minutes of quiescent settling removed about 80 percent of the suspended solids, 60 percent
of the COD and 50 percent of turbidity from urban runoff. Davis (1979) found significant reductions in indicator and
pathogenic bacteriawith plain sedimentation. Dalrymde, et al. (1979), also found that one-hour of settling reduced
suspended solids concentrations by 80 to 90 percent. Grizzard, et al. (1986) described a series of settling column
studies which examined pollutant concentration changes with time for several types of runoff samples having
various residue concentrations. This information related quite well with their limited field observations. The samples
having high concentrations of suspended solids experienced very high percentage removalsin short time periods
(about 85% removal after only two hours). Samples having low initial suspended solids concentrations required
much longer settling timesto achieve the same percentage removals (about 48 hours of settling for 85% removal).
Low particulate pollutant concentrations for all samples, however, were found after about 10 to 15 hours of settling.

Chemical Assisted Sedimentation

Chemical addition has been used for many yearsin water treatment, and in lake management. More recently, full-
scale implementations of chemical assisted settling has been used for the treatment of stormwater in wet detention
ponds or at outfallsinto small urban lakes. The chemicals tested and used include alum (generally a complex of
aluminum and sulfate), ferric chloride, and aluminum chloride compounds, plus various coagulant aids.

The addition of alum in Colston’s (1974) tests further increased the reduction of particulate residue, COD, and
turbidity to about 85 to 97 percent. Gietz (1981), in a series of laboratory testsin Ontario, found that an alum dosage
of 4 to 6 mg/L was the most effective for highly polluted runoff. Over-dosages of alum and ferric chloride generally
gave poor results. He found that it was difficult to add the correct dosage of coagulant because of the changing
pollutant concentrationsin the runoff. Low flow velocities also reduced mixing effectiveness and may require
mechanical assistance. The flocs that were formed with the coagulants were also easily disturbed by runoff
turbulence.

Kronis (1982), in a series of Ontario bench and pilot scale tests, found that disinfection of stormwater with NaOCI at
5 mg/L available chlorine reduced fecal coliform populations to less than 10 organisms per 100 mL. Heidentified
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alum dosages of 30 mg/L as a preferred flocculant, with 10 to 30 percent increases in removals of particul ate
residue, BODs, COD, and total phosphorus as compared to plain sedimentation. However, chemical assisted settling
generally produced moderate and erratic reductions in bacteria populations. Disinfection in wet detention ponds may
be expensive, but it may be the only feasible method of significantly reducing bacteria populationsin areas with
serious bacteria problems.

Heinzmann (1993) described the development of a coagulation and floccul ation treatment procedure for stormwater
in Berlin. He found that because the stormwater was weakly buffered and was very soft, a polyaluminum chloride,
with a cationic coagulant aid (polyacrylamid), was most suitable. A constant dosage of 0.06 mmol/L (as Al) was
used, resulting in pH levels always greater than 6. The constant dosage was possibl e because the pH and buffering
capacity of the stormwater was relatively constant during storms. He found that the best enhanced stormwater
treatment process used coagulation and flocculation in a pipe designed for both microfloc and macrofloc formation,
and final separation by filtration. The filtration was much better than the one hour sedimentation typically used in
Berlin sedimentation tanks. He did find that a six minute floccul ation time was sufficient before filtration. He found
significant removals of phosphorus (<0.2 mg/L), organic compounds (including PCB and PAHS), solids (<5 mg/L),
lead and copper. However, very poor removal of zinc was noted, and pollution prevention (decreased use of
galvanized metals) was recommended. In the one-hour sedimentation tanks, without any chemical addition, the
phosphorus (about 0.5 mg/L) and solids (about 50 mg/L) effluent concentrations were not nearly as low. The costs
for this enhanced treatment (7 to 10 DM/n? in 1990) was about 10 to 40% higher than with the ordinary one-hour
sedimentation tanks alone.

Pitt and Dunkers (1992 and 1995a) described a full-scale stormwater treatment plant, using the Karl Dunkers'
system for treatment of separate stormwater and lake water. This system hasbeen operating since 1981 in Lake
Ronningesjon, near Stockholm, Sweden. The treatment facility uses ferric chloride and polymer precipitation and
crossflow lamella clarifiers for the removal of phosphorus. Excess flows are temporarily stored before treatment
inside an in-lake flow-balancing tank (the Flow Balancing Method, or FBM). The stored excess stormwater is then
pumped from the flow balancing storage tanks to the treatment facility during dry weather. The overall phosphorus
removal rate for the 11 years from 1981 through 1991 was about 17 kg/year. About 40% of the phosphorus removal
occurred in the FBM from sedimentation processes, while the remaining occurred in the chemical treatment facility.
This phosphorus removal would theoretically cause a reduction in phosphorus concentrations of about 10 ng/L per
year in the lake, or atotal phosphorus reduction of about 100 mg/L during the data period since the treatment system
began operation. About 70% of this phosphorus removal was associated with the treatment of stormwater, while
about 30% was associated with the treatment of |ake water. The lake phosphorus concentration improvements
averaged only about 50 ng/L. Thiswas only about one-half of the theoretical improvement, probably because of
sediment-water interchange of phosphorus, or other unmeasured and untreated phosphorus sources entering the lake.

FBM concept for pumpback of stormwater discharges FBM installation in Sweden (Karl Dunkers photo)
and lake water to ferric chloride treatment plant (Karl

Dunkers drawing)
Figure 11. Flow balancing method for the treatment of surface runoff.
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The 1996 NALMS (North American Lakes Management Society) conference in Minneapolis/St. Paul included
several presentations describing the use of alum for stormwater treatment. Harper and Herr (1996) describe the
historical use of alum to treat stormwater entering Lake Ellain Tallahassee, FL, which began in 1986. A liquid
slurry of alum isinjected into the major storm drainage entering the lake, on a flowweighted basis during rains. The
alum forms precipitates with phosphorus, suspended solids, and heavy metals, which then settle in the lake. This
treatment system resulted in immediate and substantial improvementsto Lake Ellawater quality. There were 23
alum stormwater treatment systemsin Florida by 1995. Harper and Herr (1996) reported that alum treatment of
stormwater has consistently achieved 90% reductionsin total phosphors, 50 to 70% reductionsin total nitrogen, 50
to 90% reductionsin heavy metals, and >99% reductionsin fecal coliform bacteria. The precipitates of the
phosphorus and heavy metals have been shown to be extremely stable over awide range of dissolved oxygen and
pH conditionsin the receiving waters.

JEy 1

Orlando, FL, alum injection system
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before discharge to lake
Figure 12. Chemical-assisted sedimentation for stormwater treatment.

Herr and Harper (1996) also reported on avery large alum project at Lake Maggiore in St. Petersburg, FL. This 156
ha lake receives stormwater from a 927 ha watershed. Water quality problems were noted as early as the 1950s that
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included fish kills, algal blooms, nuisance macrophyte algal growths, and high bacterialevels. An environmental
assessment determined that an 80% reduction in the annual phosphorus discharges from the stormwater and
baseflow would result in an acceptabl e trophic status for the lake. Five alum treatment plants were then designed and
were to be operational by August 1997, comprising the largest alum stormwater treatment system ever built.

Kloiber and Brezonik (1996) described an alum pilot-scal e treatment system for stormwater, located in Minnesota.
This system injected 1 mg/L (as Al) alum into a storm sewer at a pumping station just upstream of a 1.2 acre wet
detention pond. The few minutes travel time between injection and the pond allowed 75 to 80% reductionsin
soluble reactive phosphorus. However, the pond retained only 40% of the added aluminum, increasing to 70% when
acoagulant aid was used. The lowest total aluminum concentration in the pond effluent was 0.26 mg/L, still
exceeding the water quality standard. They concluded that closer evaluations of the toxicity and bioavailability of
the aluminum associated with alum stormwater treatment was needed. During treatability tests of stormwater from
critical source areas, Pitt, et al. (1995) found that alum addition significantly increased the toxicity of the water (as
indicated using the Microtox screening procedure).

Pitt recently conducted a series of chemical addition treatability tests for stormwater. He examined alum, ferric
chloride, and ferric sulfate (all with and without organic polymers), and organic polymers alone. He al so tested the
benefits of adding a microsand (75 to 150 mm) as a coagulant aid. Initial findings indicate that ferric chloride with
the microsand was the most effective chemical for treating stormwater. The concentrations of the ferric chloride
were in the range of 30 to 80 mg/L, and the microsand was added to produce a turbidity of about 200 NTU. Heavy
metals (copper, lead, and zinc, in both particulate and filterable forms) and toxicants (as indicated by the Microtoxa
screening test) removals were greater than 80%, with many tests greater than 95%. Phosphates were also
significantly reduced (by about 50%). Alum added toxicity (possibly through zinc contamination in the alum, or by
the dissolved aluminum) and many of the polymers also added COD and toxicity. Figures 13 through 18 show
typical heavy metal removalsfor several chemical addition tests over arange of dosages.
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Figure 13. Lead removal using ferric chloride. Figure 14. Copper removal using ferric chloride.

27



110 L)
100
m.- /
o ©7 R
c
§ n §
3 g
@ g 4
g *] 3"
50 80 1
e 55
30 - 50 1
zo T T T T T T T ‘5 ' T N N T i
30 40 50 80 70 80 90 100 110 30 40 50 60 70 80 90 100 110
- AL(50,),c0m moA AL(S0,), concentration,mg/l
Figure 15. Lead removal using alum (Alx(SQO4)3 Figure 16. Copper removal using alum (Al2(SO4)3
100 120
80 100 - *—
60 _a I - 80 . //I\
g_ g ' 3 i ® Pb removal
>
; 14 g ®  Curemoval
3 e TOXICITY £ 601
. = LEAD s
2 - A COPPER : .
.. \—W 20 - ° .//.
' "
T ] T T T T i T . o T T T T T T T
0 5 10 15§ 20 25 30 35 40 45 0 s 0 15 20 25 30 ;5 0 45
C-1325 concentration,mg/l C-1150H concentration,mgA
Figure 17. Metals and toxicant reductions using Figure 18. Metals removed using organic polymer (C-
organic polymer (C-1325). 1150H).

Example Use of Chemical-Assisted Sedimentation at Construction Sites

Larcombe (1999) of the Auckland Regional Council (New Zealand) prepared areport (Technical Publication on
Chemical Removal of Sediment from Earthworks Stormwater) describing the use of chemical-assisted sedimentation
for the control of construction site sediment. They tested both solid forms of flocculation material (Magnasol Floc
Blocs Allied Colloids, Australia Pty Ltd., NZ agent Chemiplas NZ Limited) and liquid chemicals at several
construction areas. These included sites al ong the extension of the northern motorway (ALPURT), and at a
residential subdivision development (Greenhithe). The extensive field trials using aluminum sulfate (Alum), and
polyaluminum chloride (PAC) were carried out during construction of theinitial stages of the northern motorway.
They then devel oped a passive dosing system for the treatment of the construction site runoff. This system proved
highly effective under awide range of storm conditions. The following discussion is summarized from that report.

Conditions when Chemical Treatment may be Necessary

The requirements for sediment ponds at construction sites are given in the Auckland Regional Council guidance (TP
90, Erosion and Sediment Control, 1999). The performance of ponds constructed according to these specificationsis
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generally good, but a number of situations have been identified where chemical treatment can provide a marked
improvement in sediment removal. Chemical treatment isimportant when a pond of the required size cannot be
constructed. This may occur because of topographical constraints, difficult soil conditions, or the presence of natural
habitat of high value. In some situations, the design of the pond cannot be optimized in terms of shape, depth,
location of inlet and outlet, or energy attenuation of the inflow. Some soil types produce suspended solidsin
construction site runoff that has very poor settling characteristicsin anormal sediment pond. Thereisalso ahigher
risk of increased erosion and sediment losses during rainstormsin areas having highly erodible soils, or very steep or
long slope lengths. Some common uses of construction sites, such as repeated machinery movement on haul roads,
can result in high sediment loadings in stormwater. Finally, chemical treatrrent provides a means of reducing the
sediment discharge to highly sensitive receiving environments.

Initial Tests

Two types of chemicals were considered for theinitial bench testing and field trial's, polyel ectrolyte flocculants
(polymer or polyacrylamide) and aluminum coagul ants (aluminum sulfate (alum) and polyaluminum chloride,
(PAC)). Cationic polyelectrolytes have a greater toxicity to fish and other aguatic organisms than anionic, or
nonionic, polyelectrolytes, because the gills of fish are anionic and the cationic polymer binds to them resulting in
mechanical suffocation.

Polyelectrolyte Flocculants

Bench testing showed that a number of polyacrylamides resulted in good removal of suspended solids from the
construction site runoff water. However, they identified several difficulties hindering the use of liquid
polyacrylamides at construction sites. The most serious difficulty isthat liquid polyacrylamide concentrates are
highly viscous and would require onsite predilution with water to achieve a suitable consistency for dosing and
mixing with construction site runoff. This would require mixing equipment and storage tanks, along with electric
power. In addition, the diluted polyacrylamide has alimited storage life.

Three solid polyacrylamide products (Floc Bloc), marketed by Allied Colloids, were evaluated in bench-scal e tests.
The products were: Percol AN1 and AN2 (both anionic polyacrylamide blends) and Percol CN1 (acationic
polyacrylamide blend). The floc blocs were 300 x 100 x 85 mm and weighed 3 kg. AN2 performed best when using
runoff from sites having either clay or limestone soils. AN2, an anionic polyacrylamide, also had alower toxicity.
Effective dose rates were between 1 and 4 mg/L of dry AN2. Higher concentrations led to reductionsin flocculation
and suspended sediment removal. AN2, even at excessive dosages of about 8 mg/L, did not affect pH.

Aluminum Coagulants

A major issue with aluminum coagulantsis they contain large concentrations of ionic aluminum, the toxic form of
aluminum. It is generally agreed that dissolved aluminum at concentrations as high as 50 to 100 ng/L and at pH
values between 6.5 and 8.0 present little threat of toxicity. At lower pH, the toxicity increases due to possible mucus
formations on the gills of fish. The toxic aluminum associated with the coagulant dose is very rapidly reduced by the
precipitation and coagulation reactions. The insoluble precipitates (incorporating metals, nutrients, and solids) that
form after aluminum coagulants are added to water are stable and denser than water. The alum floc that isformed is
not toxic to benthic organisms. Most pollutants are tightly bound to the aluminum matrix with little likelihood of
release from either dried or wet sludges within normal pH and redox ranges.

Solid Floc Blocks

Theinitial testsindicated advantages to the use of the solid floc blocks, particularly on sites with difficult access;
siteswith only small construction areas, or sites where there was a need for short term treatment only. They
therefore followed up their initial tests with detailed field assessments to determine the best methods to use the blocs
to obtain the most effective suspended solids removal in highly variable flow conditions.

Field trials using solid floc blocs:

Preliminary field trials used an AN2 floc bloc to treat sediment-laden runoff from a construction site having
limestone soils. Thefirst trials placed the floc blocsin plastic mesh bags in plywood flumes through which the
runoff from the site was directed. Those trials encountered problems with the high bedload of solidsin the runoff
flow that accumulated against and partially buried the floc bloc and inhibited solubility of the chemical. The trial
was then moved to a channel between aforebay and the settlement pond (for pre-treatment of the water to remove
the large materials), and demonstrated that new floc blocs achieved good treatment for low flows (about 2 L/s) and
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when the suspended solids was between 10,000 to 20,000 mg/L. However, the high influent solids in the runoff
continued to be a problem, and following an intense rainfall event, both the forebay and floc bloc channel werefilled
with sediment. Asthe construction site areawas gradually stabilized, the quality of runoff improved. Additional
testsin anew flume showed that effective treatment was achieved for new floc blocs at flows of about 2 L/s with
suspended solids concentrations up to 5,000 mg/L.

The Auckland Regional Council concluded that a constant stormwater flow through afloc bloc treatment flumeis
best in terms of providing the optimum chemical dose for suspended solids removal. It was difficult to set up an
array of floc blocs that provided optimal dosing for highly variable flows. They conclude that for any floc bloc
system, it was desirable torestrict the maximum flow to about 20 L/s. The treatment capacity of the tested floc bloc
(ANZ2) at alimestone soil site was about 2 L/s per bloc at 10,000 mg/L suspended solids, and about 1 L/s per bloc at
20,000 mg/L suspended solids. They concluded that floc bloc treatment has a good potential for removal of
suspended solids, particularly for small catchments, when flow balancing can be achieved prior to treatment, and the
stormwater is of consistent quality.

The preliminary results of the trials using floc blocs were encouraging despite the above noted problems. They
therefore conducted further tests using a more comprehensive field trial in order to determine the effectiveness of the
floc bloc form of polyacrylamide, and to design arobust dosing system that can be used for different types of sites.
Thetrial site was four hain area and included monitoring over a wide range of site development phases.

The preliminary trials stressed the importance of achieving a moderate degree of turbulence in the floc bloc area.
The design of the flumeincluded cages that held the floc blocs vertically and allowed the number of blocksto be
easily changed. The flume was also roofed to shade the floc blocs to prevent their degradation when exposed to sun.
A forebay of about 10nT upchannel of the flume was intended to trap bedload and other heavy material that could
interfere with floc bloc operation. However, because of site constraints, the forebay was only about 5t in volume.

Serious cracking of the floc blocs were noted during an initial dry period of several weeksin the summer. Large
piecesfell from the blocs that eventually formed a sticky mass that blocked the bottom of the bloc cages and
interfered with the flow paths during subsequent periods of runoff. An intensive rain (about 30 mm of rain during 40
minutes) caused extensive site erosion and the very high sediment loads filled the forebay and treatment flume, plus
about 60 nt of sediment was trapped in the pond. Although the floc bloc treatment system was overwhelmed by
bedload during this event, the treated pond had |ower suspended solids concentrations in the discharge than the other
two ponds (2,400 mg/L vs. 7,300 mg/L). During more moderate events, treated pond effluent concentrations were
about 500 mg/L, compared to typical effluent concentrations of about 1,000 to 2,000 mg/L from untreated ponds.

They found that a construction site having saturated soils can produce runoff flows of more than 60 L/s per hectare
under the intense rainfall conditions that may occur in the Auckland Region. Also, the runoff rates from construction
sites can be extremely variable, making it difficult to provide an appropriate array of floc blocs that will provide
optimal dosing for such variable flows. Also, with large numbers of blocs in a single channel system, there could be
some potential for overdosing in low flow conditions.

Liquid Coagulants

An automatic liquid coagulant dosage system was designed to eliminate many of the problems found during the use
of thefloc blocs. This system could have included a flow measurement weir or flume, an ultrasonic sensor and
signal generating unit, and a battery driven dosing pump. The estimated cost for this unit was about $6,000,
including installation and shelter, but it would still require electricity at the site. An aternative system was therefore
considered that would not be dependent on site power and direct flow measurements. This passive dosing system
was estimated to cost about $1,000. Figure 19 shows an example of this system at aNew Zealand construction site.
Figure 20 shows the main internal components of this system.



Figure 20. Main Ebmponents of Auckland Regional Council rainfall-driven chemical dosing system.

Therainfall volume collected from asmall roof (area proportionate to the construction site drainage area and
chemical dosage desired) is used to displace the liquid chemical from a storage tank into the runoff channel before a
sediment pond. Their design (based on the field trails) assumes that 100% of the rainfall falling onto saturated
disturbed areas and 60% of therainfall falling onto stabilized areas, needsto be treated.

31



The roof runoff isdrained by gravity into an elevated header tank that has a volume below an overflow equal to the
detention storage of the site. Figure 20 shows a second overflow above the main overflow tube that causes an
increased dosage rate for very high rain intensities. The overflow tubes from this elevated header tank are directed
into a displacement tank that is floating in the main chemical tank. As the water flowsinto this floating displacement
tank from the elevated header tank, the chemical is pushed out the reservoir tank and through the dosage line to the
dosing location in the flow path.

Exampl e of Volumetric Design

The following example is from the Auckland Regional Council report (Larcombe 1999), assuming a 1 ha (2.5 acre)
site and using PAC. The target dosage is 8 mg/L (the actual dosage needs to be determined from bench-scal e tests
using actual site runoff, or runoff from asimilar site). Liquid PAC obtained from Fernz Chemicals contains 10.1%
Al,O3 by weight, equivalent to 53,500 mg/kg aluminum or 64,200 mg/L aluminum, asthe density of PACis 1.20.
Therefore, 1L of PAC would treat 8,020 L of construction site runoff at a dose rate of 8 mg aluminum per liter.

- Roof runoff area calculation:

About 500 n of runoff would result from each 50 mm of rainfall on saturated disturbed soil per 1 ha of catchment
area. The volume of PAC required to treat 500 n* of runoff is 62.3 L at 8 mg/L. The density of PAC is 1.2.
Therefore, 74.8 L of rainwater is needed to displace 62.3 L of PAC. Thiswould require an area of 1.5 square meters
for a50 mm rain. Table 1 presents the rainfall catchment arearequired for different PAC dose rates (at 10.1% Al,O3
by weight).

Table 1. Rainfall Catchment Area Required for Different PAC Derived Aluminum Dose Rates

Aluminum dose required Roof Catchment Area per Roof Catchment Area per
(mg/L) hectare of Saturated hectare of Stabilized
Disturbed Ground (m?) Catchment (m?
2 0.375 0.225
4 0.75 0.45
6 1.125 0.675
8 15 0.90
10 1.875 1.125
12 2.25 1.35

- Header tank size calculation:

The header tank allowsinitial abstraction losses on the site to be considered (provides a delayed dosage at the
beginning of the rain) and continued dosing after the rain ends, but as the runoff continues. For the Auckland test
sites, the header tank allows 15mm of rainfall before dosing commences. This would require a header tank volume
below the lowest overflow of 15 L per n of roof rainfall catchment area. The lowest overflow consists of a4mm
internal diameter tube, while the high rate outlet has sufficient capacity to carry the maximum predicted flow from
the roof catchment during short-term rainfalls of about 40mm/hour.

- Displacement tank and chemical reservoir tank size calculation:

The displacement tank should fit neatly inside the reservoir tank when floating on the liquid chemical. A larger
displacement tank and reservoir tank system will reduce the required frequency of servicing. Auckland Regional
Council recommends that the minimum displacement tank capacity should be the 24-hour rainfall for a 2-year return
period. In their field studies, this was about 86 mm of rain. With a 1.5 nf roof catchment area, this would result in a
volume of 129 L. Their standard design used a400 L displacement tank inside a 550 L reservoir tank, providing
dosing of up to 320 L of PAC. Their standard design called for the outlet tubing to be placed at the 400 L chemical
level in the reservoir tank so it could hold the contents of two standard 200 L drums of PAC. The outlet tubing level
is determined with the floating displacement tank in place to account for the slight displacement associated with the
weight of the empty displacement tank.



Setup and Servicing of the Rainfall Driven Dosing System

- Header tank setup and maintenance:

Thelevel of the low capacity overflow from the header tank (the vertical position of the tubing exiting the tank) is
set to allow for initial abstractions before chemical dosing starts. In the summer, after aweek or more without rain,
this was found to be about 15mm in the Auckland test areas. However, when a very intense rain of about 15 mm in
15 minutes fell on dry ground, substantial runoff occurred, and the delay in the start of dosing resulted in insufficient
dosing. In wet weather, the header tank was set with no delay in dosing. During long dry periods, the header tank
volume below the low capacity outlet is adjusted to provide for no dosing during the first part of the next rainfall.
Thisisto prevent overdosing of the sediment pond which may cause reduced pH levels and associated increased
free aluminum concentrations, plusit also conserves PAC. After each event, the water isremoved from the header
tank using a siphon. It also would be possible to install adrain valve in the bottom of the header tank for easier
emptying.

- Displacement and chemical reservoir tank maintenance:

The chemical level in the reservoir tank and the water level in the displacement tank also need to be periodically
checked. If the water level istoo high, or the chemical level too low, then maintenance is needed. The displacement
tank may be either emptied using a siphon, or baled out by hand. The chemical reservoir can be filled using a hand
operated drum pump to refill the reservoir from the 200 L delivery drum.

- Monitoring and adjustment for changing site conditions:

The passive chemical dosing treatment system needs to be carefully monitored during the first few runoff eventsto
check that the system is effective, and to ensure that overdosing is not occurring. If overdosing is suspected because
the pond dead storage water is exceptionally clear, samples should be analyzed for pH and dissolved aluminum. If
overdosing is occurring, reducing the size of the rainfall catchment tray can reduce the chemical dose. This can be
done by placing a diagonal batten across the tray and directing some of the runoff through awaste hole.

Field Trials of Chemical-Assisted Sedimentation

Alum additions:

Initial testsindicated that alum additions (at 5.5 mg aluminum/L) worked well under a wide range of rain conditions
at asite having limestone soils, including during one event having 25 mm of rain in 25 minutes. During this intense
rain, the alumtreated pond had a 92% reduction in suspended solids, compared to only 10% in the same pond for a
similar heavy rain during a period of no alum addition. The pH was reduced by about 0.5 pH units and the
discharged dissolved aluminum concentration was about 0.1 mg/L during these tests. The pH did not undergo major
reductions during bench-scale tests, even when the dosage approached 12.6 mg/L.

PolyaluminumChloride (PAC) additions:

The runoff from test sites having clay soils had more acidic runoff than the sites that had limestone soils. At the clay
sites, alum treated runoff (after the pond) had pH values that ranged from 4.3 to 5.9, while runoff treated with PAC
had pH valuesranging from 5.5to 6.7. They therefore decided that PAC was a more suitable choice, especialy for
clayey soil conditions. Overall, the Auckland Regional Council has datafrom 21 different sediment ponds that used
passive PAC additions, with drainage areas ranging from 0.5 to 15 ha (1.3 to 38 acres). The overall suspended solids
treatment efficiency of PAGtreated ponds has been between 90 to 99 % for ponds having good physical designs.

L ower treatment efficiencies have occurred where there have been problems with decants not operating properly, or
physical problems such as multiple inflow points, high inflow energy, and poor separation of inlets and outlets.
Figure 21 shows the typical multiple decant risers used at Auckland Regional Council sediment pond sites to allow
more efficient settling of thefloc.




Figure 21. Multi-level, perforated, floating discharges (decants) to better retain floc.

The influent concentrations of suspended solids for the PA C-treated ponds ranged from 746 to 26,300 mg/L (median
of about 16,000 mg/), while the treated effluent ranged from 3 to 966 mg/L (median of about 50 to 100 mg/L). The
percentage suspended solids reductions ranged from 77 to 99%, with a median of about 95%. The untreated pond
had much poorer levels of treatment (about 10%). The dissolved aluminum concentrations in the outflow from the
untreated pond were much higher (0.29—- 0.31 mg/L) than in the outflows from the treated ponds (0.010 — 0.084
mg/L). When the PAC was added at too high a concentration, the pH levels dropped to as low as 4.7, although the
effluent dissolved aluminum was still low and the suspended solids concentrations were very low (aslow as 10
mg/L). Typical effluent pH conditions were between 6 and 7.

Design of Sediment Ponds with Aluminum Coagulant Treatment

Although chemical treatment using aluminum coagulantsis capable of achieving effective sediment removal from
stormwater with relatively brief detention times for settlement in quiescent conditions, there are practical difficulties
in achieving quiescent conditions in construction site ponds when high flows are being discharged into a small pond.
The Auckland Regional Council recommends a minimum size of 1.5% (150 cubic meters per hectare) for aluminum
coagulant treated ponds. Analysis of the long term rainfall and construction site suspended solids data obtained
during the field trials shows that more than 60% of the sediment from a construction site occurs during the two or
three rainstorms per construction season which exceed 30 mm in 24 hours.

Table 2 shows the expected advantages of using PAC assisted sedimentation for different sized wet sediment ponds
in the Auckland, New Zealand, area. Chemical treatment results in a major improvement in the efficiency of



sediment capture during rainstorms that exceed the hydraulic capacity of a sediment pond. Thisisindicated by the
large improvements in sediment capture for the smaller ponds with PAC addition.

Table 2. Summary of Advantages of PAC Treatment of Construction Site Runoff for Normal Catchments
during a Construction Season

Wet Sediment Pond Size

3% 2% 1.5%
1. Without PAC treatment:
Total sediment discharged to receiving
water (tones dry wt per hectare) 5.8 9.2 12.0
Efficiency of sediment removal in pond (%) 81 69 60
2. With PAC treatment:
Total sediment discharged to receiving
water. (tones dry wt per hectare) 1.0 2.1 2.8
Efficiency of sediment removal in pond (%) 97 93 90

Full-scale Demonstrations of Detention Ponds

Wet Detention Ponds

The use of detention ponds for both water quality and quantity benefitsisrelatively new. Wet pond stormwater
quality benefits have been commonly reported in the literature since the 1970s, while the water quality benefits of
dry detention ponds have only recently been adequately described (Hall 1990).

The Nationwide Urban Runoff Program (NURP) included full -scale monitoring of nine wet detention ponds (EPA
1983). The Lansing project included two up-sized pipes, plus alarger detention pond. The NURP project located in
Glen Ellyn (west of Chicago) monitored asmall lake, the largest pond monitored during the NURP program. Ann
Arbor, Michigan, monitoring included three detention ponds, Long Island, New Y ork, studied one pond, while the
Washington D.C. project included one pond. About 150 storms were completely monitored at these ponds, and the
performances ranged from negative removals for the smallest up-sized pipe installation, to more than 90 percent
removal of suspended solids at the largest wet ponds. The best wet detention ponds also reported BODs and COD
removals of about 70 percent, nutrient removals of about 60 to 70 percent, and heavy metal removals of about 60 to
95 percent.

The Lansing NURP project monitored a wet detention pond (Luzkow, et al. 1981). The monitored pond was located
on agolf course (receiving urban runoff from an adjacent residential and commercial area). Suspended solids
removals were about 70 percent for moderate rains (10 to 25 mm rains) while phosphorusremovals were usually
greater than 50 percent. Total Kjeldahl nitrogen removals ranged from about 30 to 50 percent. The removals of these
pollutantsincreased with increasing storm size because of the larger quantities of pollutants carried by the larger
storms. During small storms, most of the discharge water was displaced water from preceding storms that was still
relatively polluted. For rains smaller than about 0.25 inches, the discharge pollutant yields were typically greater
than the input yields for most of the pollutants.

Hey and Schaefer (1983), as part of a NURP project, reported substantial urban runoff improvements for a small
Chicago area (Glen Ellyn) lake that was about ten percent of the residential area served. Lake monitoring indicated
about 85 percent suspended solids removals, even with residence times substantially longer than the four hours
reported to give 95 percent suspended solids removals during lab tests. They felt that flocculation was responsible
for the differences between the lab tests and the observed field results. Total phosphorus removals were about 35
percent, while heavy metal (copper, lead, and zinc) removals were about 75 percent.

Two wet detention ponds near Toronto, Ontario, were monitored from 1977 through 1979 (Brydges and Robinson
1986). Lake Aquitaineis 1.9 hain size and receives runoff from a 43 ha urban watershed. Observed pollutant
reductions were about 70 to 90 percent for suspended solids, 25 to 60 percent for nitrogen, and about 80 percent for
phosphorus. The much smaller Lake Wabukayne (0.8 ha) received runoff from a much larger urban area (186 ha).



The smaller Lake Wabukayne experienced much smaller pollutant reductions: about 30 percent for suspended
solids, less than 25 percent for nitrogen, and 10 to 30 percent for phosphorus.

Oliver, et al. (1981), monitored a small lake detention facility in Rolla, Missouri. Suspended solids yield reductions
averaged about 88 percent, with 54 and 60 percent yield reductions for COD and total phosphorus. Organic nitrogen
yields were reduced by about 22 percent.

Gietz (1983) studied a 1.3 ha wet detention pond serving a 60 ha urban watershed near Ottawa, Ontario. Batch
operation of the pond resulted in substantial pollutant control improvementsfor particulate residue, bacteria,
phosphorus, and nitrate nitrogen. Continuous operation gave slightly better performance for BODs and organic
nitrogen. Suspended solids reductions were about 80 to 95 percent, BODs reductions were about 35 to 45 percent,
bacteriawas reduced by about 50 to 95 percent, phosphorus by about 70 to 85 percent, and organic nitrogen by
about 45 to 50 percent.

Numerous additional detention pond performance studies have been conducted in the years since the Nationwide
Urban Runoff Program. Y ousef, et al. (1986) reported some long-term nutrient removal information for a detention
pond in Florida having very long residence times and substantial algal and rooted aquatic plant growths. He found
80 to 90 percent removals of soluble nutrients due to plant uptake. Particulate nutrient removals, however, were
quite poor (about ten percent). These particulate nutrient forms were mostly nitrogen and phosphorus that were tied
up with the plant cells and not the particul ate nutrient forms that were discharged to the pond with the runoff
(Driscoll 1986). It isdifficult to design a detention pond to obtain a desired net removal of nutrients (soluble plus
particulate forms) because of the plant uptake and conversion of soluble formsto particul ate cellular forms. If the
plants are not removed from the detention pond, the particulate cellular nutrients will be released back into the water
as more available (soluble) forms during periods of plant die-off. The role of aquatic plantsin nutrient (and other
pollutant) removalsfor cold climatic conditionsis not well understood. Substantial releases of pollutants that had
been “removed” by aquatic plants during the growing season when the plants die back in the fall is expected,
resulting in substantially less removals than indicated by warm weather monitoring alone.

Hvitved-Jacobsen, et al. (1987) along with Martin and Miller (1987) described pollutant removal benefits of wet
detention ponds. Niemczynowicz (1990) described stormwater detention pond practices in Sweden. Van Buren, et
al. (1996) also reported on the performance of an on-stream pond located in Kingston, Ontario. They describe their
monitoring activities and measures taken to enhance performance.

Hvitved-Jacobsen, et al. (1994) examined the most effective treatment systems for treating urban and highway
runoff in Denmark. They concluded that wet detention ponds were the most efficient and suitable solution for the
removal of most pollutants of concern from both highway and urban runoff. Denmark does not have any effluent
standards and the acceptable pollutant discharges are therefore determined based on specific receiving water
requirements. They concluded that CSO problems were causing acute receiving water effects (hydraulic problems,
oxygen depletion, high bacterial pollution, etc.), requiring treatment designs based on design storm concepts.
However, both urban and highway runoff were mostly causing accumulative (chronic) effects (associated with
suspended solids, toxicants, and nutrient discharges) and treatment designs therefore need to be based on long-term
pollutant mass discharge reductions. It was evident that relatively low concentrations of pollutants must be reduced,
and that large volumes of water must be treated in a short time period. For these reasons, and for the specific
pollutants of concern, they concluded that wet detention ponds were the most effective option, even though the first
wet detention pond was only constructed in Denmark in 1989. Their recommended design was based on: detention
pond volume (about 250 nT per effective hectare of drainage area), water depth, pond shape, use of plants (covering
at least 30% of the water surface), and the use of agrit removal forebay. This pond design was evaluated using the
computer program MOUSE/SAMBA for long-term simulations using Aalborg, Denmark, rains. The resulting mass
removals using this design were excellent for suspended solids (80 to 90%) phosphorus (60 to 70%) and heavy
metal's (40 to 90%).

Mayer, et al. (1996) examined sediment and water quality conditionsin four wet detention pondsin Toronto. They
found that poor water circulation in the summer months between rains decreased the pond water quality, especially
for dissolved oxygen and nutrients. Anaerobic conditions near the pond water-sediment interface in two of the ponds
caused elevated ammonia concentrations. They felt that decomposition of nitrogenous organic matter (from
terrestrial and aquatic plant debris) was the likely source of the ammonia. They also found prolific algal growthsin



the same two pondsin the summer, with chlorophyll a concentrations of about 30 ng/L. The chlorophyll a
concentrationsin the other two ponds were much lower, between about 3 and 10 ng/L.

Petterson, et al. (1999) studied the pollutant-removal efficiency of two stormwater ponds in Sweden. Observed
outflow pollutant conditions were independent of the influent conditions for the two ponds. They also found that
pollutant removal efficiency increased for increasing values of ratio of the pond surface areato the watershed
impervious area, up to about 250 nf/ha, while the benefits of larger ponds were not asimportant.

The pollutant removal efficiency of three wet detention ponds was investigated by Mallin, et al. (2002). The results
for solids removal weregood for all ponds, but nutrient removal was variable. To achieve good reductionina
variety of pollutants, wet pond design should include maximizing the contact time of inflowing water with rooted
vegetation and organic sediments. This could be achieved through a physical pond design that provides a high length
to width ratio, and planting of native macrophyte species.

Dry Detention Ponds

Stanley (1996) examined the pollution removal performance at a dry detention pond in Greenville, NC, during eight
storms. The pond was 0.7 hain size and the watershed was 81 ha of mostly medium density single family residential
homes, with some multifamily units, and a short commercial strip. The observed reductions were low to moderate
for suspended solids (42 to 83%), phosphate (-5 to 36%), nitrate nitrogen (-52 to 21%), ammonia nitrogen (-66 to
43%), copper (11 to 54%), lead (2 to 79%), and zinc (6 to 38%). Stanley also summarized the median concentration
reductions at dry detention ponds studied by others, shownin Table 3. In all cases, the removals of the stormwater
pollutants were substantially less than would occur at well designed and operated wet detention ponds. The
resuspension of previously deposited sediment during subsequent rains was typically noted asthe likely cause of
these low removals. The conditions at the Greenville pond were re-examined three years after its construction. The
most notable changes were that the pond bottom and interior banks of the perimeter dike were covered with weeds
and many sapling trees (mostly willows), indicating that the interior areas have been too wet to permit mowing. The
perforated riser was also partially clogged and some pooling was occurring near the pond outlet. It seemed that the
dry pond was evolving into awetlands. The monitoring activity was conducted afew months after the pond was
constructed and was not affected by these later changes. Stanley felt that the wetlands environment, with the woody
vegetation, if allowed to spread, could actually increase the pollutant trapping performance of the facility. With
continued no maintenance, the dry pond will eventually turn into awet pond, with a significant permanent pool. The
pollutant retention capability would increase, at the expense of decreased hydraulic benefits and less flood
protection than originally planned. Maintenance problemsin dry ponds had also been commonly noted in earlier
Maryland surveys.

The benefits of off-line stormwater detention ponds were examined by Nix and Durrans (1996). Off-line ponds
(side-stream ponds) are designed so that only the peak portion of a stream flow is diverted to the pond (by anin-
stream diversion structure). They are designed to reduce the peak flows from devel oped areas, with no direct water
quality benefits, and are typically dry ponds. Off-line ponds are smaller (by as much as 20 to 50%) than on-line
ponds (where the compl ete storm flow passes through the pond) for the same peak flow reductions. However, the
outflow hydrographs from the two types of ponds are substantially different. The off-line ponds produce peak
outflows earlier and the peak flows do not occur for aslong a period of time. If located in the upper portion of a
watershed, off-line ponds may worsen flooding problems further downstream, whereas downstream on-line ponds
tend to worsen basin outlet area flooding. Off-line dry ponds can be used in conjunction with on-line wet ponds to
advantage to provide both water quality and flood prevention benefits. Off -line ponds have an advantage in that they
do not interfere with the passage of fish and other wildlife and they do not have to dramatically affect the physical
character of the by-passed stream itself. On-line dry ponds would substantially degrade the steam habitat by
removing cover and radically changing the channel dimensions. The peak flow rate reductions can also have
significant bank erosion benefitsin the vicinity of the pond, although these benefits would be decreased further
downstream.

Bartone and Uchrin (1999) compared the performance of two dry-stormwater-detention facilities, one having a
concrete low-flow channel, and the other with a vegetated low-flow channel during four events. Asthey expected,
the detention pond having the concrete channel was ineffective for stormwater quality control. However, the basin
with the vegetated channel was also found essentially ineffective for water quality improvement, with flushing of
previously captured pollutants being the most likely reason for the poor performance.
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Table 3. Summary of Dry Detention Pond Pollutant Removal Capabilities (Stanley 1996)

Detention pond name and location

Lakeridge, London,

Stedwick, Maple Run,  Oakhampton, Lawrence,  Greenville,
r\]/ci):gi]r?ig] Q;)i:g?r?ira? Montgomery Austin, Baltimore, Kansas N.C
Co., Md. Texas Md.
Watershed,
acres 88 11 34 28 17 12 200
(I);nperwousness, 49
(1]
Hours to drain
after filling 1-2 <10 6-12 -9 6-16 75
Storms 28 27 25 17 19 8
monitored
Removal
efficiencies, %
TSS 14 29 70 30 87 3 71
TP 20 40 13 18 26 19 14
PO4-P -6 -12 0 26
TN 10 25 24 35 26
NOs-N 9 52 -10 20 -2
NHs-N 55 54 69 9
TOC 30 -3 10
POC 45
DOC -6
Cu 31 26
Pb 39 62 29 66 55
Zn -10 24 57 -38 65 26

Guo, et al. (2000) experimented with modifications to the outlet structure of adry detention basin to improve
pollutant removal performance of the pond, and found no conclusive correl ation between the pollutant removal
efficiency and the detention time. Instead, pollutant removal efficiency in the field was strongly dependent on the
inflow concentration.

Pond/Wetlands

Yu, et al. (1996) monitored seven wetlands in Virginiafor the Virginia Department of Transportation (VDOT). A
total of 25 events had been evaluated, with the best pollution retention being more than 50% for suspended solids,
about 30% for COD, and over 80% for orthophosphate, at a well-designed and well-maintained facility. They found
no harm to the wetland vegetation due to the highway runoff. They are also creating an Arc/Info GIS system to
allow the VDOT to track the more than 200 mitigation wetlands that they have already constructed, plus the
additional ones needed in the future. A stormwater model was also devel oped, specifically to predict pollution
retention in the mitigation wetlands. They are using a modification of WA SP4, with a multi-layered (sediment and
water column) bucket wetland system.

Schueler (1996) summarized research on submerged bed wetland treatment systems for treating stormwater. Many
wastewater treatment facilities have used submerged bed wetlands for polishing treatment. They have used rock or
gravel mediato grow emergent wetland plants. The wastewater slowly flows through a shallow rock-filled trench,
where particul ates settle and microbial and algal activity breakdown, and roots uptake, some of the pollutants.
Schueler points out that most stormwater wetlands only treat surface flows and questions whether enhanced
pollutant removal would occur with subsurface treatment also. He summarized a study conducted in Orlando, FL, by
Tim Egan (of Dyer, Riddle, Mills and Precourt, Inc.) that tested several different submerged wetland cellsfor the
treatment of stormwater, including two cells that were only filled with rock or crushed re-cycled concrete, and no
plants. The stormwater was pretreated in a holding pond before being pumped into the cells. This pretreatment is
necessary to reduce clogging and to equalize the flow rates through the cells. The reported average mass removal
rates were: 81% for suspended solids, 78% for fecal coliforms, 75% for nitrate nitrogen, 14% for orthophosphate,
21% for copper, 73% for lead, and 55% for zinc. Interestingly, the crushed concrete filled cell performed better than
any of the planted cells, probably because of the higher pH of the water in that cell. The rock surfaces were



apparently more important than the root surfaces for pollutant removal by creating alarger surface areafor epilithic
algae and microbes.

Reed bed wetlands have been extensively used in the UK to treat CSO discharges at small treatment works. In
Severn Trent, the local water department had more than 700 facilities serving less than 2,000 people (Green and
Martin 1996). They had installed 55 reed bed systems by 1994, and planed to construct more, as resources allowed.
Detailed monitoring and tracer studies have been initiated at some of these facilities to confirm the stringent
discharge limits that apply. The beds are constructed as shallow excavations lined with plastic or clay and then are
filled with 5 to 10 mm diameter gravel to a depth of about 0.6 m. The water levels are checked at |east weekly, and
any evaporation is made up with secondary effluent. In one critical location, the overflow concentration limits are:
40 mg/L for BODs, 60 mg/L for suspended solids, and 15 mg/L for ammonia nitrogen. They found that the reed
beds provided consistent water quality improvements throughout the overflow hydrographs, although the initial
improvement was mostly through dilution and dispersion. Continued pollutant reductions showed that pollutant
uptake in the system was occurring.

The StormTreatd system isamodular control device that includes sedimentation and plants (Allard, et al. 1996).
One unitis 2.9 min diameter and has a capacity of 5,260 L. The recommended detention time in the wetland portion
of the unit (2,880 L) is 5 days. Multiple tanks are usually used at sites. Two tanks would be needed at a 0.4 ha paved
sitein order to capture 0.6 cm of runoff, if pre-treatment is provided. Five units would be needed otherwise. The
units cost about $US 4,000 each, including installation. Four events have been monitored at one site and show high
removals of bacteria (83%), suspended solids (95%), COD (75%), orthophosphate (32%), dissolved nitrogen (44%),
lead (65%), and zinc (90%). Other modular units commercially available for source areatreatment that rely mostly
on sedimentation for pollutant removal include the Vortechsd unit (from Vortechnics, Portland, ME), the
Stormcepterda (from Stormceptor Corp., Rockville, MD), and the CDS& unit (from CDS Technologies, Alpharetta,
GA). These units may be promising for source area control, however, long-term monitoring data is needed for these
units before their actual performance and maintenance requirements can be determined with confidence.

Davies and Bavor (2000) compared the performances of a constructed wetland and awater pollution control pond in
terms of their abilities to reduce stormwater bacterial loads to recreational waters. Bacterial removal was
significantly less effective in the water pollution control pond than in the constructed wetland, likely because of the
inability of the pond system to retain the fine clay particles (< 2 um) to which the bacteria were predominantly
adsorbed. The key to greater bacterial longevity in the pond sediments appeared to be the adsorption of bacteriato
fine particles, which protected them from predators.

Oil/Water Separators

This section briefly examines the most widely available oil/water separation technol ogies and their expected ability
to treat stormwater, as they are commonly assumed to be equivalent to detention facilities, but on asmall scale.
These devicesinclude gravity separators (including APl separators and separation vaults), coalescing plates
separators, and cartridge filters added to oil/water separators. These devices are extensively used to treat industrial
wastewaters and have been shown to be effective in those applications for which they were designed. These units
perform best at very high levels of oil contamination, such asmay be found at some industrial locations. About 90%
reductionsin oil are possibleif the influent oil concentrations are greater than about 10,000 mg/L. Reductions of
about 50% would occur at influent oil concentrations of about 200 mg/L. Very little reduction is expected at levels
less than about 100 mg/L. Little information is available demonstrating their effectivenessin treating stormwater,
which usually has oil contamination levels of much less than 100 mg/L.

Other oil/water reduction technologies are used in some industrial applications, including separation tanks (typically
small tanks used in shops that produce very small wastewater flows), and centrifuge separators (which require high
energy demands and high maintenance, and are utilized in off-shore drilling operations). Neither of these

technol ogies would be appropriate for the diffuse locations and highly irregular stormwater flows from critical
source areas and are therefore not addressed here.
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Figure 22. Oil and gease trap before downtown detention pond in Austin, TX.

Gravity Separation

Gravity separation relies on the density differences between oil and water. Oil will rise to the water surface unless
some other contributing factor such as a solvent or detergent interferes with the process. For gravity units, this
density difference is the only mechanism by which separation occurs. Other technologies, such as air flotation,
coalescing plates, and impingement coal escing filters, enhance the separation process by mechanical means.

Gravity separators are the most basic type of separator and are the most widely used. They have few, if any, moving
parts and require little maintenance with regard to the structure or operation of the device. Usually, separators are
designed to meet the criteria of the American Petroleum Institute (API), and are fitted with other devices such as
coalescing plate interceptors (CPI) and filters. Even though these separators are effective in removing free and
unstable oil emulsions, they are ineffective in removing most emulsions and soluble oil fractions (Ford 1978).
Furthermore, it isimportant to remember that no gravity oil/water separation device will have a significant impact
on many of the other important stormwater pollutants, requiring additional treatment (Highland Tank).

Conventional American Petroleum Institute (API) Qil/Water Separator

The conventional API oil/water separator consists of alarge chamber divided by bafflesinto three sections. The first
chamber acts as an equalization chamber where grit and larger solids settle and turbulent flow slows before entering
the main separation chamber. Often, manufacturers suggest the use of a catchbasin or interceptor tank as a
pretreatment device so that coarse material will be kept from entering the oil/water separation tank. After entering
the main chamber, solids settle to the bottom and oil rises to the top, according to Stokes' law. Larger API oil/water
separators contain a sludge scraper which continually removes the captured settled solidsinto asludge pit. The oil is
also removed by an oil skimmer operating on the water surface. At the end of the separation chamber, all oil
particles having a diameter of larger than the critical size have theoretically risen to the surface and have been
removed by an oil skimmer. Small API units usually do not contain an oil skimmer, sludge scrapper, or sludge pit.
Whilethey are less costly due to the absence of moving parts, they require more frequent cleaning and maintenance.
These smaller units have been shown to be as effective as the larger more expensive units, if they receive proper
maintenance at regular intervals.

The API (1990) stipulatesthat if their design criteria are met, then the separator will remove all oil droplets greater
than about 150 mm in diameter. The API reports that retention times are usually greater than the actual design values
since actual flows are usually smaller than design flows, hence smaller droplets are removed most of the time. This
finding is confirmed by Ruperd (1993) in a study of an oil/water separator treatment device in the community of
Velizy, France. Also, API tanks are known to effectively remove large amounts of oil, including slugs of pure ail,
and will not be overwhelmed (Tramier 1983). Studies have also shown that these separators can produce effluents



down to 30 ppm (Delaine 1995), routinely at 30-150 ppm, with occasional concentrations above 150 ppm,
depending upon the flow rate, and hence the retention times (Ford 1978).

The API has stated that very few separatorswith ratios of surface areato flow within the API design range achieved
effluent oil concentrations lower that 100 ppm (API 1990). Therefore, the API separator is arecommended system
for the removal of solids and gross oil as a pretreatment device upstream of another treatment system, if additional
pollutants of concern are present, or if more stringent effluent standards are to be met.

Thefollowing isapartial list of oil/water separator manufacturersin the U.S.:

- Highland Tank and Manufacturing Co., One Highland, Rd. Stoystown, PA 15563
- McTighe Industries, P.O. Box 928, Mitchell, SD 57301-0928
- Xerxes Corp., 7901 Xerxes Rd. Minneapolis, MN 55431-1253

Separation Vaults

Separation vaults are variations on the API oil/water separator design. They are usually either septic tanks or utility
vaultsthat have been fitted with bafflesin the manner of an API separator. They are usually poured in place or
manufactured locally. Surveys of these vaults in King County, Washington, revealed that they had main chamber
depths of 1.2— 1.5 m (4—5ft), widths of 1.2 — 1.8 m (4 — 6 ft), and lengths of about 1.8 m (6 ft). These vaults are
not necessarily designed according to the previously stated APl methods and therefore are termed separation vaults
to differentiate them from conventional API oil/water separators (King County 1995). These vaults can theoretically
achieve removal of all oil dropletsof 75 mmin size, or greater, however, practical removal sizes would probably be
in excess of 150 mm.

Codescing Plate I nterceptor Oil/Water Separators

The coalescing plate interceptor (CPI) oil/water separators are simply conventional API oil/water separators and
separator vaults with sets of parallel plates added to the main separation chamber. As small droplets of oil enter the
plates, they rise until they encounter the next plate. Other drops also rise and coalesce. As the drops become larger,
the buoyant forces acting on them become greater, eventually forcing the dropsto slide off the plates and to rise
quickly to the surface.

Thetotal horizontal separator arearequirement is reduced by the use of parallel plates by compacting the effective
separation areainto alimited space. The total areaisthe sum of the area of each plate projected on the horizontal
plane, along with the open surface area of the separator itself. According to vendors, the use of coalescing plates can
reduce spatial requirements of separators up to two-fold on width and ten-fold on length when used in place of a
conventional separator without plates. Plates also help to dampen turbulence in the system, thus helping to maintain
laminar flow. Oil collected from these systems has alower water content than from conventional separators. The
overall effluent oil content has been reported to be 60% lower for parallel-plate systems, with a higher proportion of
small oil droplets recovered (Brunsmann 1962).

The earliest models of CPI separators used horizontal parallel plates. Currently, two types of parallel-plate
separators are marketed: the cross-flow inclined plate separator and the down-flow inclined plate separator. In the
cross-flow separator, flow enters the plates from the side and oil and sludge accumulates above and below the
current. As oil and sludge build up, the oil then breaks free and rises, while the sludge descends to the separator
bottom. In a down-flow separator, the water flows downward while oil rises to the above plate, and after

coal escence, rises counter to the current to the top, while sludge will descend, helped along by the current.

The plates themselves are corrugated to improve oil and sludge collection. Vertical gutters are placed along the sides
of the plates themselves at the influent and effluent pointsto aid in the collection of oils and solids. The plates are
tilted at an angle of 45° - 60°, allowing sludge and oil to slide off, preventing clogging and resulting in lower
maintenance requirements. A 45° angle has been found to be most effective for oil removal (Thanh and Thipsuwan
1978), but a 60° angle would reduce maintenance requirements further by insuring less clogging. However, a greater
angle would also reduce the effective surface area as the effective surface is equal to the projection of the plates onto
the horizontal plane (Branion 1978).
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CPI separators have been found to remove droplets down to 30 to 60 nm size (Ryan 1986; Romano 1990), and have
been found to produce effluent concentrations in the range of 10 to 20 ppm (Delaine 1995; Dull 1984; Ryan 1986).
CPI separators are agood treatment choiceif the wastewater contains smaller droplets and possibly some unstable
emulsions with larger diameter droplet sizes. Dissolved ail, stable emulsions, or alarge amount of unstable
emulsions would decrease the performance of the coalescing plate interceptor separators.

The API notes that it is difficult to describe the separation processin a parallel plate separator due to the variability
of plate size, spacing, and inclination. They recommend that users rely on the empirically -derived recommendations
of the plate unit vendors when selecting a coal escing plate interceptor separator.

Impingement Coalescers and Filtration Devices

Filtration devices are used as post-treatment after separation in coalescing plate separators, and greatly improvesthe
removal efficiency of asystem. Many systems utilize these devices for treatment of industrial runoff; however, they
are occasionally used in stormwater applications as well (Aires 1995). The most common type used is avertical tube
coalescer which has arandommatrix of vertical tubes made of polypropylene fitted together in bundles. These
bundles are placed towards the end of the separation tank before the outlet and after the coal escing plates; however,
some manufacturers use these devices in place of plate systems. Oleophilic (oil -loving) filters provide a maximum
coalescing surface, as well as helping to create a more laminar flow. These types of devices can provide better oil
removal than atank fitted only with coalescing plates, often with effluents suitable for direct discharge into surface
waters.

Solids are trapped in sharp turns or crevices while oils are removed by two mechanisms occurring within the filters.
First, the small passagesin thefiltersallow the oil dropletsto comein contact with each other and coal esce together.
Second, the oleophilic properties of the media attract oil droplets and hold them until they coalesce with other
trapped droplets until they eventually break free and rise to the surface.

The cartridge bundles can be removed and cleaned for reuse, although disposabl e filters are sometimes used.
Disposable cartridge filters have the benefit of having simple maintenance requirements: when filters become
clogged or saturated, they are simply removed and discarded. However, thisprocess in itself may be a drawback in
that the cartridges may need to be disposed of as a hazardous waste. Further, the cost of filters may be high and
quickly reduce any benefit gained from reduced maintenance. Filters are typically made from fiberglass, nylon,
polypropylene, and polyurethane foam; and are normally recommended as a secondary stage of treatment after gross
solids and oil have been removed (Webb 1991).

Other problems exist with filter cartridges as well. Filters are easily clogged, even when pretreatment occurs. Also,
if stable emulsions are present, surfactants will poison the filter by interfering with the surface-wetting properties of
the filter (Tabakin, et al. 1978). Despite these problems, filters are known to remove oil to concentrations as low as
10 ppm, with all droplets greater than 20 mm being removed (Xerxes Corp).

Maintenance of Oil/Water Separators

Problems with oil/water separators can be attributed largely to poor maintenance by allowing waste materialsto
accumulate in the system to levels that hinder performance and to levels that can be readily scoured during
intermittent high flows. When excess oil accumulates, it will be forced around the oil retention baffle and make its
way into the discharge stream. Also, sludge buildup is a major reason for failure. As waste builds up, the volumein
the chamber above the sludge layer is reduced and therefore the retention time is also reduced, allowing oil to be
discharged. Therefore, the efficiency of oil/water separatorsin trapping and retaining solids and hydrocarbons
depends largely upon how they are maintained. They must be designed for ease of maintenance and be frequently
maintained. Apparently, few oil/water separators built for stormwater control are adequately maintained.

Manufacturers of prefabricated oil/water separators, as well asthe American Petroleum Institute, all recommend
periodic inspection and maintenance. Some manufacturers advise that these devices be cleaned twice per year, even
if the device is apparently working properly. However, it is best if the devices are inspected after every rainfall to
determine the rate of hydrocarbon and sludge buildup. The most effective maintenance schedul e can then be
obtained for each individual device. French researchers al so advocate this approach, by devel oping individual
maintenance schedul es after intensive observations for six months (Aires 1995).
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Ease of maintenance must be considered when designing separators, including providing easy access. Maintenance
on these devicesis accomplished by using suction equipment, such as a truck-mounted vacuum utilized by personnel
trained to handle potentially hazardous waste. The vacuum is used to skim off the top oil layer and the deviceisthen
drained. In larger devices, the corrugated plates are |eft in place, but otherwise, they are lifted out along with any
other filter devicesthat are present. The sludge is then vacuumed out or shoveled out and any remaining solids are
loosened by spraying hot water at normal pressure.

Maintenance of parallel plate units and coalescing filtersis similar. The separator is drained and the plates are
washed by spraying. If there isinadequate space, then the plates will need to be lifted from the separator for
effective cleaning. Cleaning should occur when coating of the platesis evident and before accumulations begin to
clog the spaces. Cleaning of polypropylene coalescing tubesis also accomplished by lifting out the tube bundles and
cleaning with a hose or high pressure water spray to remove accumulated oil and grit. Sludge is removed from
underneath the coalescer supports and the coal escers are then replaced. No soaps or detergents are used in cleaning
polypropylene components as they would destroy the oleophilic nature of the material.

Performance of Oil/Water Separatorsfor Treating Stormwater

Manufacturers state that efficiencies observed during testing of oil/water separators are on the order of 97— 99% for
the removal of oil from wastewater. The test method typically applies oil to a paved washpad, with water added via
asprinkler system to simulate rainfall. Oil is of a specified density (typically 0.72— 0.95). These synthetic events are
necessary to evaluate the performance of a separator but do not necessarily reflect the processes which occur during
actual rainfall conditions where rapidly changing flows rates, unknown oil mixtures, and other pollutants are
present. Published research is difficult to find on how these units actually perform once placed in operation.

Interception of solid particles through settling, and flotation of oils and other floatables are processes occurring
within an oil/water separator. French studies have shown that the average SS removal efficiency of separatorsis
about 50% (Aires 1995). Oil/water separation requires an ascending speed of about 8 m/h, while the settling velocity
of solids require descending velocities on the order of 1 to 3 m/h. At rates of 20% of the design flow rate, about 80%
of the solids are removed; at 30% of the design flow rate, about 50% of the solids are removed. Negative removals
also occur as the result of resuspension of previously settled material (Legrand, et al. 1994).

In many instances, pretreatment tanks are placed before the oil/water separator to remove settleable solids before
stormwater entersthe separator. A study in Velizy, France, found that the SSremoval efficiency of a separator,
placed downstream of a settling pond, was about 13%. Thislow value was attributed to the fact that solids had been
allowed to settle during pretreatment, and therefore influent to the device had alow content of only the most
difficult to remove solids (Ruperd 1993).

When the concentration of the oil in the wastewater is high, the oil removal efficiency increases. In Velizy, France,
Ruperd (1993) found that oil/water separators fitted with cross current separators had removal efficiencies ranging
from zero to 90%, with an average of 47%. Low efficiencies were associated with low influent levels and greater
efficiencies were associated with higher influent levels. Thisfinding supports those of Tramier (1983), stated earlier,
that separators are effective in removing large amounts of oil when the oil concentrations are elevated.

The Metropolitan Washington Council of Governments (Washington, D.C.) has conducted a survey of 109 separator
vaultsin suburban Maryland and subsequently examined 17 in detail to determine their long-term effectiveness
(Schueler and Shepp 1993). These separators were used for controlling runoff from areas associated with automobile
usage. These separators were either pre-cast or poured in place concrete structures consisting of one, two or three
chambers. The results of this study revealed that the amount of trapped sediments within separators varied from
month to month and that the contained waters were commonly completely displaced during even minor storms
(Shepp and Cole 1992).

Of the original 109 separators that were observed in the survey, devices less than one year old were effectivein
trapping sediments. Devices older than one year appeared to |ose as much sediment as they retained (Shepp and
Cole 1992). Not one of these separators had received maintenance since their installation. Survey observations
suggested no net accumulation of sediment over time, in part because they received strong variationsin flow. Of the
109 separators surveyed in this suburban Maryland study, 100% had received no maintenance, 1% needed structural
repair, 6% were observed to have clogged trash racks, 84% contained high oil concentrations in the sediments



trapped in their first chamber, 77% contained high oil concentrations in the sediments trapped in their second
chambers, 27% contained high oil and floatablesloading in their first chambers, and 23% contained high oil and
floatables loading in their second chambers.

Numerous manufacturers have developed small prefabricated separators to remove oils and solids from runoff.
These separators are rarely specifically designed and sized for stormwater discharges, but usually consist of
modified oil/water separators. Solids are intended to settle and oils are intended to rise within these separators, either
by free fall/rise or by counter-current or cross-current lamella separation. Many of these separators have been
installed in France, especially along highways (Rupperd 1993). Despite the number of installations, few studies have
been carried out in order to assess their efficiency (Airesand Tabuchi 1995).

The historical use of oil/water separatorsto treat stormwater has been shown to be ineffective for various reasons,
especially lack of maintenance and poor design for the relatively low levels of oils present in most stormwaters
(Schueler 1994). Stormwater treatment test results from Fourage (1992), Rupperd (1993) and Legrand, et al. (1994)
show that these devices are usually greatly under-sized. They may possibly work reasonably well at flow rates
between 20 and 30% of their published design hydraulic capacities. For higher flow rates, the flow is very turbulent
(the Reynolds numb ers can be higher than 6,000), and improvementsin settling by using lamella platesis very poor.
These devices need to be cleaned very frequently. If they are not cleaned, the deposits are scoured during storm
events, with negative efficiencies. However, the cleaning is usually manually conducted, and expensive. In addition,
the maintenance job is not very easy because the separators are very small. Some new devices are equipped with
automatic sediment extraction pumps which should be a significant improvement. Currently, these researchers have
found that the cleaning frequencies are very insufficient and the stormwater quality benefits from using oil/water
separators are very limited.

Problems With Wet Detention Ponds

Wet detention ponds may experience various operating and nuisance problems. The following discussion attempts to
describe these negative aspects of wet ponds, as reported in the literature, and to describe how they have been
overcome through specific designs.

Safety of Wet Detention Ponds

The most important wet detention pond design guidelines are to maintain public safety. The following discussion
briefly summarizes common suggestions to maintain and improve safety at wet detention facilities. Death by
drowning is the most common safety concern associated with wet detention ponds. Marcy and Flack (1981) state
that drownings in general most often occur because of slips and fallsinto water, unexpected depths, cold water
temperatures, and fast currents. Four methods to minimize these problems include: eliminate or minimize the
hazard, keep people away, make the onset of the hazard gradual, and provide escape routes. Many of the design
suggestions and specifications contained in this discussion are intended to accomplish these objectives.

Jones and Jones (1982) consider safety and landscaping together because landscaping can be an effective safety
element. They feel that appropriate slope grading and landscaping can provide a more desirable approach than wide-
spread fencing around awet detention pond. Fences are expensive to install and maintain and usually produce
unsightly pond edges. They collect trash and litter, challenge some individuals who like to defy barriers, and impede
emergency access if needed. Marcy and Flack (1981) state that limited fencing may be appropriate in special areas.
When the pond side slopes cannot be made gradual (such as when against arailroad right-of-way or closeto a
roadway), steep sides having submerged retaining walls may be needed. A chain link fence located directly on the
top of the retaining wall very closeto the water's edge would be needed (to prevent human occupancy of the narrow
ledge on the water side of the fence). Another areawhere fencing may be needed is at the inlet or outlet structures.
However, fencing usually gives afalse sense of security, as most can be easily crossed (Eccher 1991).

A following discussion on pond side slopes stresses gradual slopes near the water edge and a submerged ledge close
to shore. Aquatic plants on the ledge would decrease the chance of continued movement to deeper water and thick
vegetation on shore near the water edge would discourage access to the water edge and decrease the possibility of
falling into the water accidentally. Pathways should not be located close to the water’ s edge, or turn abruptly near
the water.



Marcy and Flack (1981) also encourage the placement of escape routes in the water whenever possible. These could
be floats on cables, ladders, hand-holds, safety nets, or ramps. However, they should not be placed to encourage
entrance into the water.

The use of inlet and outlet trash racks and antivortex bafflesis also needed to prevent access to locations having
dangerous water velocities. Several types are recommended by the NRCS (SCS 1982), as shown on Figure 23.
Racks need to have openings smaller than about 6 inches to prevent people from passing through them and need to
be placed where water velocities are less than three feet per second to allow people to escape (Marcy and Flack
1981). Besides maintaining safe conditions, racks also help keep trash from interfering with the outlet structures
operation.

anti-vortex

batfie plate
\
steel rod
tteel cads trash rack
T N \'\
. 1 ,,v—/“' -
ocknut and washer s 7
an eoch side o E s
Yy e
- . pipe
q 2 I. A _ riser with
N >, tee section
4 § o reinforced welded to it
I 3 concrete base
- ¥/
1° dla. pipe . ;’é‘E
&H
)
N
\!
\"
\‘
\
v
y

Antivortex batfle

Reinforced
concrete apron

Flat iron

Figure 23. Various trash racks and baffles used by the SCS (NRCS). (SCS 1982).



Safety bars at Monroe St. detention pond, Madison, WI PEBENI . ¥ A s
Safety bars over pond outlet
Figure 24. Safety bars at detention pond inlets and outlets.

Eccher (1991) lists the following pond attributes to ensure maximum safety, while having good ecological control:

1) There should be no major abrupt changes in water depth in areas of uncontrolled access,

2) slopes should be controlled to insure good footing,

3) al slope areas should be designed and constructed to prevent or restrict weed and insect growth (generally
reguiring some form of hardened surface on the slopes), and

4) shoreline erosion needs to be controlled.
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Deep drop-off at pond edge
Figure 25. Safety problems associated with wet detention ponds.

Nuisance Conditionsin Wet Detention Ponds and Degraded Water Quality

Most new detention ponds require from three to six years before an ecological balanceis obtained (Ontario 1984).
Excessive algal growths, fish kills, and associated nuisance odors may occur during this period, creating
management problems for municipal officials and developers. Water quality is also generally poor in wet detention
ponds, but unauthorized swimming can be common if alternative swimming facilities are not conveniently available.
The poorest water and sediment quality in wet detention ponds usually occurs near the inlets and in depressions
(Free and Mulamoottil 1983 and Wigington, et al. 1983). Some urban |akes have al so been subjected to duck
plagued disease which isadeadly virusthat thrivesin lakes having excessive algae growths (Ontario 1984).

Schueler (1986) and with Galli (1992) reported that water discharged from wet detention ponds may be warmed by
asmuch as 10 to 15° F in the summer months, unless shaded or subsurface dischargers are used. Van Buren, et al.
(2000) studied the thermal balance of an on-stream stormwater pond in Kingston, Ontario, Canada. During dry-
weather periods, pond temperature increased as aresult of solar heating, and thermal energy input exceeded output.
Conversely, during wet-weather periods, pond temperature decreased as aresult of limited solar radiation and
replacement of warm pond water by cool inflow water from the upstream catchment, and thermal energy output
exceeded input.

The haphazard installation of detention ponds can increase downstream flooding and erosion problems if aregional
hydraulic analysis and careful plan is not developed and followed (Duru 1981, Jones and Jones 1982, and Hawley, et
al. 1981). This can occur by increasing the duration of erosive flow velocities and by adding the delayed high
discharge flows from a pond to the natural high flows from upstream areas. These problems can be substantially
reduced with careful design and maintenance, as described in the following paragraphs.
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“Wet” pond built in area having Karst geology and
sinkholes.

Trash along shore from stormwater discharges

Figure 26. Aesthetic problems associated with wet detention ponds.

Attitudes of Nearby Residents and Property Values

Wet Detention ponds may create potential nuisance conditionsif they are not properly designed or maintained.
However, many people living near wet detention ponds do so because of the close presence of the wetlands, and
their property values are typically greater than lots further from the ponds (Marsalek, et al. 1982). They also
reported that small (well maintained) wet detention ponds are | ess subject to controversy than larger ponds (that are
more commonly neglected). Debo and Ruby (1982) summarized a survey conducted in Atlanta of residentsliving
near and downstream of 15 small detention ponds and found that almost half of the people surveyed who lived in the
immediate areas of the ponds did not even know that they existed. Wiegand, et al. (1986) found that wet detention
ponds, when properly maintained, are more preferred by residents than any other urban runoff control practice.

Emmerling-DiNovo (1995) reported on a survey of homeownersin the Champaign-Urbana arealiving in seven
subdivisions having either dry or wet detention ponds. She reported that past studies have recognized that developers
are well aware that proximity to water increases the appeal of a development. Detention ponds can create a sense of
identity, distinguishing one development from another, and can be prominent design elements. Increased valueis
important because the added cost of the detention facility, including loss of developable land, must be recovered by
increasing the housing costs. Others have also found that the higher costs of devel opments having stormwater
detention facilities can also be offset by being able to sell the housing faster. In aprior survey in Columbia, MD,
73% of the respondents would be willing to pay more for property located in an area having a wet detention pond if
designed to enhance fish and wildlife use. Although the residents were concerned about nuisances and hazards, they
felt that these concerns were out-weighed by the benefits. In her survey, Emmerling-DiNovo (1995) received 143
completed surveys. Overall attractiveness of the neighborhood was the most important factor in purchasing their
home. Resale value was the second most important factor, while proximity to water was slightly important. More
than 74% of the respondents believed that wet detention ponds contributed positively to the image of the
neighborhood and they were a positive factor in choosing that subdivision. In contrast, the respondentsliving in the
subdivisions with the dry ponds felt that the dry ponds were not a positive factor in locating in their subdivision.
Respondents living adjacent to the wet ponds felt that the presence of the pond was very positive in the selection of
their specific lot. The lots adjacent to the wet ponds were reported to be worth about 22% more than lots that were
not adjacent to the wet ponds. L ots adjacent to the dry ponds were actually worth less (by about 10%) than other
lots; dry detention ponds actually decreased the assessed values of adjacent lotsin two of the three dry basin
subdivisions studied. The respondents favored living adjacent to wet ponds even more than next to golf courses.
Living adjacent to dry ponds was the least preferred location.



Another example of increased land value occurred in Fairfax, VA (Land and Water 1996). A 1.6 acre wet detention
pond was constructed using amodular concrete block retaining wall system. Total construction time was about six
weeks and resulted in an attractive pond that added substantial value to the new housing development.

The Hennepin (MN) park district (John Barten, personal communication) reports that the park district is frequently
asked by developersto be allowed to “improve” the parks by putting their wet detention ponds on park land that is
adjacent to new developments. Needless to say, the park district cannot afford to convert their dry land to lakes that
would dramatically decrease the utilization of the park by the park users. The park district is also frequently asked
by residents of subdivisionsto improve the water quality in the wet detention ponds located in their subdivisions,
especially to alow fishing and swimming. The residents do not understand that their “lake” is actually awater
treatment system and is not a natural lake or park and is not intended for water contact recreation or fishing.
However, because many of these subdivisions are marketed by stressing the benefits of “lakeside” living, some of
the residents expect the city to improve the wet detention ponds for recreational use. The park department, under a
lot of citizen and political pressure, has actually had to construct new wet detention ponds upstream of some of these
ol der wet detention ponds.

[t ]

Auckland, NZ, sign explaining function of wet pond Sign advertising water quality treatment pond at new
treatment development in Austin, TX

Sign at percolation pond natural areain Mison, Wi
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Figure 27. Signage near wet detention ponds.

M aintenance Requirements of Wet Detention Ponds

In order for detention ponds to perform as anticipated, they must be regularly maintained. Poor operation and

mai ntenance not only reduces the pollutant and flow rate reduction effectiveness of detention ponds, but also can
cause detention facilities to become eyesores, nuisances, and health hazards (Poertner 1974). If a pond does not
“need” maintenance (such as sediment removal), then it is not providing significant water quality benefits. Ponds
can be designed to minimize maintenance, however, a maintenance free detention facility (that is working properly)
does not exist (SEMCOG 1981).

Institutional arrangements must be made to insure continued detention pond maintenance after construction.
SEMCOG (1981) recommends that appropriate maintenance programs specifically identify the organization or
person who will perform the maintenance and how the maintenance operations will be financed. They also found
that major detention pond maintenance (dredging) is usually needed within about ten years after pond construction.
More frequent (routine) maintenance may include: structural repairs (bank stabilization), removal of debrisand litter
from the water and surrounding land, grass cutting, fence repairing, algal control, mosquito control, and possible fish
stocking. Wet detention ponds require alot of attention.

As an extreme example of maintenance, it may be best to re-build a pond that was not originally designed for water
quality benefits. As an example, the 30-year-old Expo Park regional stormwater detention facility in Aurora,
Colorado, needed renewal (Hamilton, et al. 2001). Improvements to the multi-use 60-acre park facility were made to
provide water quality benefits, improve site drainage, increase flood control detention, improve recreational
usefulness and aesthetics, and upgrade the facility to meet jurisdictional State dam safety requirements. Dam saf ety
related improvementsincluded new outlet works, spillway improvements, and acceptance by the Engineer’ s Office
for using irrigated turf grass as overtopping erosion protection for the emergency spillway.



Routine Maintenance Requirements
The following summary of routine maintenance requirementsis based on adiscussion by Schueler (1987).

Mowing

The most costly routine maintenance required of a detention facility is mowing the surrounding area. In residential
areas, frequent mowing (up to 12 times ayear) may be necessary to maintain alawn surrounding the pond. Some
native plants (such asin the small prairie surrounding the Monroe Street detention pond in Madison at the
University of Wisconsin Arboretum) require much less maintenance. In all cases, the emergency spillway, side
slopes, and pond embankments need to be mowed at | east twice ayear to control undesirable plants that may
interfere with pond operation. Attractive landscaping and adequate |andscaping maintenance are always needed.
Careful plant selection (water and salt tolerant, disease and winter hardy, and slow growing) should be madein
conjunction with alandscape architect or the Natural Resources Conservation Service.

Debrisand Litter Removal
During the routine mowing operations and after each major storm, debris and litter should also be removed from the

site, especially from the inlet and outlet grates and the water surface.

I nspections

Wet detention ponds need to be inspected at |east once ayear, and after each major storm. The inspection should
include checking the pond embankments for subsidence, erosion, and tree growth. The conditions of the emergency
spillway and inlets and outlets al so need to be determined during the inspection. The adequacy of any channel
erosion protection measures near the pond should also be investigated. Sediment accumulation in the pond
(especially near, and in, the inlets and outlets) also needs to be examined.
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Figure 29. Maintenance inspections and cleanout at outlet of a Birmingham, AL, pond.

Sediment Removal from Wet Detention Ponds

Large sediment accumulationsin detention ponds can have significantly adverse affects on pond performance.
Bedner and Fluke (1980) reported on the long term effects of detention ponds that received little maintenance. Lack
of dredging actually caused the silted-in ponds to become a major sediment source to downstream areas. Poorly
mai ntained ponds only delayed the eventual delivery of the sediment downstream, they did not prevent it.

Based on the NURP detention pond monitoring results (EPA 1983), aresidential area pond having a surface area of
about 0.6 percent of the contributing area should remove about 90 percent of the settleable solids (particulate
residue) from the runoff. The Milwaukee NURP project (Bannerman, et al. 1983) estimated an annual sediment
delivery of about 500 pounds per acre for medium density residential land uses and about 2,500 pounds per acre for
commercial areas. Other land uses contribute sediment generally between these values. Assuming a density of about
120 pounds per cubic feet, about 3.6 and 18 cubic feet of sediment would be deposited in awell -designed detention
pond for each medium density residential or commercial acre per year. With apond 0.6 percent of the contributing
areain size, thiswould only result in the deposition of between 0.2 and 0.9 inches per year. McComas and Sefton
(1985) report two measured sediment accumulation rates in Chicago area wet detention ponds (about two and three
percent of the drainage pond in size) of 0.24 and 1.3 inches per year. Kamedulski and M cCuen (1979) report a much
greater sedimentation rate of about three inches per year in another pond. When uncontrolled construction site
erosion is allowed to enter a detention pond, the pond can literally fill up over night.

Most of the sedimentation would occur near the inlet and the resulting sediment accumulation would be very uneven
throughout the pond. Sediment removal in awet pond may therefore be needed about every five to ten years,
depending on the variation in sediment deposition over the pond and the sacrificial storage volume designed. Itis
therefore necessary to plan for required maintenance during the design and construction of detention ponds. Ease of
access of heavy equipment and the possible paving of a sediment trap near the inlet would ease maintenance
problems. Deposited sediment can be heavily polluted and may require special disposal practices. Sediment
concentrations of up to 100,000 mg organic carbon, several thousand mg lead, several hundred mg zinc, and more
than ten mg arsenic per kg dry sediment are not uncommon for lakes receiving urban runoff (Pitt and Bozeman
1979). Dredged sediment is usually placed directly onto trucks, or is placed on the pond banks for dewatering before
hauling to the disposal location. One common practice is to keep an area adjacent to the detention pond available for
on-site sediment disposal. Small mounds can be created of the dried sediment and covered with topsoil and planted.

Poertner (1974) reviewed various sediment removal procedures. An underwater scoop can be pulled across the pond
bottom and returned to the opposite side with guiding cables. If drains and underwater roads were built during the
initial pond construction, the pond can be drained and front-end-loaders, draglines, and trucks can directly enter the
pond area. Small hydraulic dredges can also be towed on trailers to ponds. The dredge pumps sediment to the shore
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through a floating line where the sediment is then dewatered and loaded into trucks or piled. A sediment trap
(forebay) can also be constructed near theinlet of the pond. The entrancesinto the pond are widened and submerged
dams are used to retain the heavier materialsin arestricted area near the inlets. This smaller area can then be cleaned
much easier and with less expensethan the complete pond. Hey and Schaefer (1983) report the successful use of a
submerged dam across the pond inlet in Lake Ellyn, near Chicago.

The estimated cost of removing sediment from a detention pond varies widely, depending on the amount to be
removed and the disposal requirements. Costs aslow as one dollar per cubic yard have been reported, but thislow
cost does not include any possible special disposal practices. Sediment removal costs are estimated to generally
range from about $5 to $25 per cubic yard of sediment removed.
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Sometimes the sediment wins (unknown

Internet source photo)

Rebuilding pond and removing old sedi mentat apartment housing,
Moscow, Russia

Central Park pond, NY C, being dredged and

regraded
Figure 30. Mainenance dredging at wet detention ponds.



Problemswith Contaminated Sedimentsin Wet Detention Ponds
Frequently, concern arises about the safety of disposing sediments from wet detention ponds. There have recently
been several studiesthat have addressed thisissue, as summarized in the following paragraphs.

Dewberry and Davis (1990) analyzed sediments from 21 pondsin northern Virginia. They found trace metalsin
many of the sediments, but the available forms of the metals were significantly less than applicable toxic thresholds.
They concluded that the dredged materials could be safely disposed either on-site or at sanitary landfills without
danger of health problems. However, they recommend that sediment samples from specific ponds be analyzed
before dredging.

Y ousef and Lin (1990) conducted extensive pond water quality and sediment quality analysesin six wet detention
pondsin Florida as part of aFlorida Dept. of Transportation study to develop pond maintenance procedures. The
ponds had all been constructed from 4 to 13 years prior to analyses and received runoff from various urban
watersheds that all contained different amounts of highway runoff. The dissolved oxygen levelsin the ponds all
dropped significantly with depth, in many cases being lower than 1 mg/L at the water-sediment interface. The pH of
the pond water was also generally acidic in all of the ponds, being from 5.5 to 7.2 throughout the water columns.
The temperature differences between the water surface and the bottom of the ponds was generally less than 1°C. The
sediment accumulation rates were found to be between 0.25 and 0.72 cm per year and correl ated with pond age, size
of drainage basin and size of pond. The bottom material was found to be poorly graded sand. Appreciable amounts
of heavy metals (Cu: 7 to 73 ng/g, Ni: 12 to 82 ng/g, Pb: 84 to 1025 ng/g, and Zn: 13 to 538 ny/g), and nutrients (N:
1.1to0 5.2 mg/g, and P: 0.1 to 1.2 mg/g) were found in the surface layers of the sediments. However, the
concentrations of the pollutants decreased rapidly with depth, generally being less than 10% of the surface sediment
concentrations below 20 cm beneath the water-sediment interface. The bottom sediments were also analyzed to
determine the TCLP extractable portions of the metals. These were found to be significantly less than the whole
sediment metal concentrations (Cu: 0.13, Ni: 0.31, Pb: 0.27, and Zn: 0.33). They determined that the TCLP
extractabl e fraction was lowest for sediments having higher clay and organic material. They concluded that the
sediments could be removed during normal maintenance operations and disposed of on non-agricultural land.

Jones (1995) and Jones, et al. (1996) discuss the implications that the Resource Conservation and Recovery Act
(RCRA) may have on sediments that need to be removed from stormwater management facilities, as summarized in
the following discussion. The “mixture” (40 CFR Section 261.3(a)(2)(iv)) and “derived from” (40 CFR Sections
261.3(c)(2)(1) and 261.3(d)(2)) rules can cause sediments having very low concentrations of pollutantsto be
classified as “hazardous.” These regulations are likely to be changed, with clearer definitions for non-hazardous
operations and facilities. Sediments are evaluated as being hazardous when the wet detention pond is being dredged,
not while they remain in-place. Many of the materialsthat are listed as hazardous under RCRA may enter
stormwater, especially at vehicle service facilities, industrial facilities, and even golf courses and parks. These
include solvents, degreasers, hydraulic fluids, herbicides, fungicides, and pesticides. For the sedimentsto be
considered hazardous under the current RCRA mixture rule, the source of the specific material containing the listed
hazardous material must contain more than 10% of the hazardous material. Thisisirrespective of how much of the
material actually entersthe stormwater. Therefore, site inventories become important toolsin determining if a
sediment would be classified as hazardous. If alisted material is used on the site, but it would not come in contact
with rain (either through normal use or spills), the sediment would not likely be classified as hazardous. It is difficult
to conduct detailed site surveysfor alarge drainage area having many separate owners, but it is feasible for small
wet ponds serving single facilities.

MacDonald, et al. (1999) investigated the accumulation of heavy metalsin a detention pond in Scotland. They found
that the sediment in the pond can reach unacceptable concentrations of heavy metals within twenty years. Karouna-
Renier and Sparling (2001) investigated the accumulation of Cu, Zn, and Pb by macroinvertebrates collected in
Maryland stormwater treatment ponds serving commercial, highway, residential, and open-space watersheds to
determine if land-use influenced metal concentrations in macroinvertebrates, sediments, and water. Composite Zn
concentrations in odonates from ponds with commercial development (mean = 113.82 ug/g) were significantly
higher than concentrations in the other land-use categories. Similarly, Cu levels in odonates from commercial ponds
(mean = 27.12 pg/g) were significantly higher than from highway (mean = 20.23 pg/g) and open space (mean =
17.79 pg/g) ponds. However, metal concentrations in sediments and water did not differ significantly for the ponds
in the different land-uses. The levels of Cu, Zn, and Pb in invertebrates from all ponds were less than dietary
concentrations considered toxic to fish.



Jones (1995) and Jones, et al. (1996) also discuss other options to minimize the chance that wet pond sedi ment
would be classified as hazardous under RCRA:

- Reduce the likelihood that listed substances would come in contact with precipitation or runoff.

- Inventory and track hazardous materials and encourage the use of |ess toxic replacement compounds.
- Install stormwater pre-treatment facilities to localize the problem.

- Reduce the accumulation rate, and increase the storage area for sediment in the pond.

Vegetation Removal from Wet Detention Ponds

In shallow detention ponds, excessive rooted aquatic plant (macrophyte) growths may occur over the entire pond
surface. In degper ponds, rooted aquatic plant growths are usually restricted close to the shoreline (Ontario 1984).
Floating algae may create problems anywhere in alake, irrespective of pond depth. As noted earlier, a narrow band
of natural rooted aquatic plants along the narrow “safety” shelf isdesirable as abarrier and to add habitat for pond
wildlife.

Excessive algal growths create nuisance problems with strong odors, but more serious problems may also occur.
Schimmenti (1980) reports that decaying vegetation, if not removed, promotes the breeding of mosquitoes. Certain
types of algae (Anabaena, Aphanizomenon, and Anacystis) naturally produce toxins that can kill animals (including
fish) which drink the water and can cause skin irritation and nausea in humans (Ontario 1984). Algaeis usually
mechanically controlled in detention ponds by using algae harvestors or by dewatering the pond. Certain fish also
consume large amounts of algae, but the most common type of algae control is by using aquatic herbicides. Using a
deep pond that restricts light penetration can significantly reduce many rooted aguatic plant growth problems.

Small weed harvestors can be delivered to a detention pond by trailer. The use of chemicalsfor algae control is
popular, but must be carefully done to prevent contamination of the receiving water. Dead algae and rooted plants
must al so be removed to prevent odor and dissolved oxygen problems. Mechanical barriers can also be placed on the
pond bottom to reduce rooted aquatic plant growth. AquaScreen isafairly fine, dark mesh that islaid on the pond
bottom that restricts sunlight from reaching the rooted aguatic plants. In tests conducted on Lake Washington,
Perkins (1980) concluded that atwo or three month use of the material resulted in about an 80 percent reduction of
rooted aguatic plants where the material had been placed. Again, increased pond depth, possibly at less cost, can do
the same thing.

Engineered vegetation removal system at
stabilization pond (Lemna Corp. photo)

Aquatic plant culture system harvester at stabilization pond
(Lemna Corp. photo)
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Figure 31. Aquatic plant harvesting in treatment ponds.

Detention Pond Costs

Reported construction costs of detention facilities vary widely due to land value variations and special site or
landscaping considerations. Even though the costs of detention facilities appear high, many benefits are available,
besides just water quality that offset these costs. Some of these other benefits directly affect the cost of the
development and may include using the wet pond as part of afire protection system (as described below), and the
obvious cost savings associated with reducing the size of parts of the downstream drainage system. In many cases,
wet detention ponds have also significantly increased the value of the property due to increased landscaping and
recreation benefits.

A series of nineinter-connected wet detention ponds at a hospital sitein Southern California cost about $275,000
(about $30,000 per pond), including a pumping system for water recirculation (Rutherford 1977). This cost was
about 25 percent of the total site grading, drainage, and paving costs. These ponds resulted in more than a million
dollarsin savings because the ponds were used as an emergency fire water supply instead of having to build
conventional water storage tanks.

Chambers and Tottle (1980) compared the costs of ten detention pond systems. The total drainage system costs with
detention ranged from about $1,200 to $11,500 per acre of land served, and averaged about $5,200 per acre of pond.
Most of these detention systems produced significant peak runoff flow rate reductions, allowing substantial
decreases in the sizes of the stormdrain pipes. Average savings were about $2,500 per acre of watershed served, or
about 35 percent of the total drainage system costs. Cheng (1981) conducted a similar cost comparison analysis and
estimated cost savings of about $1,800 per acre (1976 dollars). Although long-term maintenance costs of the
detention ponds were not considered in these analyses, neither were additional benefits besides drainage system cost
savings.

In acost analysis conducted by the Ontario Ministry of the Environment (1984), on-site drainage systems containing
detention facilities were generally found to have about the same costs as conventional systems. However, in almost
all cases no additional off-site stormwater management measures were needed, in marked contrast to the
conventional systems. Off-site increased pipe sizes and channels increased the total construction costs of the
conventional systems by about 150 to 300 percent as compared to the alternatives containing on-site detention. On-
site detention also substantially decreased the flood plain aong the main channels, increasing the total area available
for development, even when considering the land needed for on-site detention.

Poertner (1974) also presented several examples where on-site detention resulted in substantial savingsto the site
devel opers when compared to conventional drainage systems. In one example, providing on-site detention in alarge
residential development cost about $100 to $300 per lot, substantially less than providing conventional drainage
systems.



The EPA (1983) analyzed costs associated with wet detention ponds construction for the NURP projects, as shown
on Figure 32. A pond that covers 0.5 percent of a 150 acre watershed areawould cost about $50 per watershed acre
per year. This sized pond should remove between 80 and 90 percent of the annual suspended solids loading. These
costs are for newly developed areas and are not applicable for estimating costs of retrofitting apond in an
established area.
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Figure 32. Detention pond costs (EPA 1983).

A detention pond and infiltration trench cost study in the Washington, D.C. area (Wiegand, et al. 1986) was based
on asurvey of engineering estimates and construction bids for 65 facilities constructed since 1982. They found that
construction costs (excluding land purchase costs) varied mostly as afunction of storage volume of the device (V).
Their wet detention pond cost estimate equation was based on facilities having storage volumes (total storagein
cubic feet, not just freeboard storage above the normal water level) greater than 100,000 cubic feet:

Cost =34Vs0.64

This equation reflects a substantial cost savings with increasing size. Asan example, a0.5 acre pond (five feet deep)
would cost about $50,000 (or $120,000 per pond acre), while anine acre pond (also five feet deep) would cost about
$400,000 (or about $40,000 per pond acre). In an interesting comparison, they did not find any significant
differences in costs between large wet and dry detention ponds, probably because the wet ponds had greater
economics of scale. However, smaller wet ponds were generally about 30 to 60 percent more expensive than small
dry ponds (Schueler 1986). Schueler reexa mined these detention pond costs in 1997and found that they have
increased by about 15% since 1986 dueto inflation (Schueler unpublished).

It isincorrect to directly compare the costs of wet ponds with dry ponds because of their very different objectives.
When runoff water quality (of particulate pollutants) is the prime concern, then wet ponds are most appropriate,
while dry ponds can be best used when peak flow rate reductions are desired. It is possible to design awet pond to
also achieve peak flow rate reduction objectives by increasing the freeboard pond storage and by careful design of
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the outlet structures. However, it may be best to construct a separate dry detention pond in series with awet
detention pond (or to use other upland source area controls, such as grass swales or infiltration devices) to achieve
these multiple objectives.

Wiegand, et al. (1986) also examined the cost components of wet detention pond construction:

Cut and fill excavation 61%
Inlet and outlet works 18
Riprap

Land clearing

Sediment erosion control
Other

N O1 01 ©

Excavation costs were the greatest wet pond cost component. Wet ponds required about 60 percent more excavation
than dry ponds of comparable working volume. This extra excavation isoften necessary to provide the needed
permanent pool storage for wet ponds.

Maintenanceis a necessary part of any stormwater management system, and the associated mai ntenance costs must
be recognized along with the construction costs. Chambers and Tottle (1980) estimated that the annual maintenance
costs for detention facilities to be about $35 (1978 dollars) per acre served per year, not considering sediment
removal. About one-half of these annual costs are associated with maintaining the grassed embankments, about 25
percent is associated with weed and algae control, and the remaining 25 percent is associated with inspection and
litter removal.

Sediment removal and disposal can be substantially greater than these other maintenance costs. Carr, et al. (1983)
estimates that sediment removal and disposal for wet detention ponds in the Milwaukee area range from about $135
to $150 per acre of watershed served per year, depending on final disposal method (landfilling or land spreading).
These costs ranged from about $5 to $25 per cubic yard (averaged $14). The differencesin costs were associated
with the sizes and accessibilities of the ponds. Small ponds (less than about 1/2 acre in size) had the lowest sediment
removal costs of about $5 to $10 per cubic yard because front-end loaders could be used after pond de-watering.
Larger ponds required the use of much more expensive draglines or hydraulic dredges. If on-site disposal was not
available, hauling and final disposal costs substantially added to these removal costs. Hauling costs added another
$5 to $10 per cubic yard, depending on the distance, and landfilling tipping fees could add another $15 to $25 per
cubic yard to these costs. Therefore, in order to minimize sediment removal and disposal costs, Schueler (1986)
stressed the need to provide adequate access to ponds, to provide small pre-sedimentation forebays near the inlets, to
provide adrain in smaller pondsto allow complete de-watering, and to provide for on-site disposal of sediment near
the pond (for at least two dredgings).

Typical wet detention pond construction costs, excluding land acquisition costs, are estimated to be about $40,000
per acre of pond. Maintenance costs (including periodic dredging) are estimated to be about four percent of this
initial construction cost per year, or about $1,500 per acre of pond per year (1978 costs) (EPA 1983). Initial
construction costs (excluding land costs) for a pond sized to achieve about 90 percent suspended solids reductionsin
amedium density residential areawould be about $300 per watershed acre, with annual maintenance costs of about
$12 per watershed acre. For a pond to achieve the same level of performance in an industrial area, theinitial
construction costs (again excluding land costs) would be about $800 per watershed acre, with annual maintenance
costs of about $30 per watershed acre.

Guidelines To Enhance Pond Performance

The Natural Resources Conservation Service (NRCS, renamed from SCS, undated) has prepared a design manual
that addresses specific requirements for such things as anti-seep collars around outlet pipes, embankment widths,
type of fill required, foundations, emergency spillways, etc., for avariety of wet detention pond sizes and locations
(SCS 1982). That manual must be followed for detailed engineering requirements.

Therest of this discussion presents some of the many design suggestions that have been made by researchers having
many years of design and monitoring experience with detention ponds. Akeley (1980) listed several modifications



that can be made to existing ponds to improve their performance. Gravel, or concrete, should be added along
unstable banks and near theinlet and control structures. A baffle should be placed at the inlet to reduce turbulence,
and barriers can be used to separate the pond into compartments to reduce short-circuiting. On-going maintenance is
also needed to remove deposited sediment. Hawley, et al. (1981) also recommended similar design considerations.
Hey and Schaefer (1983) found that a submerged dam near the pond inlets significantly reduced the area requiring
maintenance dredging.

Lettenmaier and Dally (1983) stress the importance of source control of pollutants. As an example, for vehicle
service areas, they suggest that reviews should be made of all maintenance operations that use detergents, oils and
grease, solvent, and hydraulic fluid to minimize their discharge into the drainage system. Fuel storage and transfer
operations need to be carefully conducted to minimize fuel spillage, and waste washwater should not be allowed to
be discharged into the stormdrain system. Pitt and McLean (1986) also found large amounts of toxic pollutantsin
runoff flows from many source areasin an industrial areain Toronto. Most of these toxic pollutants were in soluble
forms and would not be effectively removed by wet detention. It was obvious that much of these materials were
being inappropriately discharged to the stormdrain system during both wet and dry weather. Careful investigations
should therefore be made in areas discharging high concentrations of problem pollutants to identify their sourcesin
order to eliminate their discharges at their source areas instead of assuming that outfall treatment is best or even
possible.

I nsect Control and Fish Stocking

Mosquito problems at wet detention ponds are increased when large water level fluctuations occur, especially when
vast amounts of aquatic plants are wetted and available for egg laying. If ponds drain to normal water levels within
several hours after arain has ended, if aquatic vegetation is kept to a minimum (such as only along a narrow ledge
closeto shore), and if the pond shape allows adequate water movement and wind disturbance, then mosquito
problems should be minimal.

Schimmenti (1980) made several recommendations to reduce the possibility of mosquito problemsin detention
ponds. Wet ponds should have adequate water quality to support surface feeding fish, such as sunfish, and various
minnows, that feed on mosquitoes. Carp or crayfish also make adequate biological controls for midges, reducing the
need for chemical controls (Ontario 1984).

Some devel opers have tried to stock trout, yellow perch, and northern pike in detention ponds, but no reproduction
and poor wintering soon eliminates theseless tolerant fish. Detention ponds receiving urban runoff are likely to
contaminate fish, making them unsuitable for consumption. Brydges and Robinson (1986) have conducted extensive
heavy metal and pesticide analysesin fish in two wet detention ponds near Toronto, Ontario and have found little
problem accumulations of these substances. However, many other studies have reported problem toxic pollutant
concentrationsin fish from waters receiving urban runoff, so allowing fish consumption in wet detention faculties
should only be allowed after careful study. Therefore, game fish should not generally be used in ponds, and
consumptive fishing should be discouraged. Fathead minnows, stocked for mosquito control, have survived in
detention pondsin Ontario.

Aquatic Plants for Detention Ponds

Aquatic plants are used in many ways in detention ponds, including providing increased nutrient and other soluble
pollutant removals, competition with nuisance plants, aquatic life habitat, physical barriers, and decorative
landscaping elements. Obviously, care needs to be taken when selecting aquatic plants to ensure that the plants will
support the desired objectives and be compatible with multiple objectives and the local growing conditions. It is best
to consult professional aquatic plant specialists to determine the best species for each project.

Rooted aquatic plants should be planted along much of the shallow perimeter shelf to deter small children, for
aesthetics and to provide wildlife habitat. The use of native aquatic plantsisto be encouraged to lessen maintenance
costs and to prevent nuisance plants from becoming established in awaterway (such as purple loosestrife). Plants
that could be established in wet detention ponds include arrowhead and cattails. Cattails sometimes interfere with
the operation of a surface outlet because of large floating pieces clogging the weir. Subsurface weirs and trash racks
(both recommended) would reduce this problem. Many rooted aquatic plants may be used in wet detention ponds,
but their selection and planting should be done in consultation with landscape architects and wildlife biologists. Fuhr
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(1996) warns against planting trees and brush on an impoundment because seepage problems may result by root
action.

An interesting use of aguatic plants to enhance wet detention pond performance was described in the February 1991
Lake Line. Nutri-Pods, developed by the Limnion Corporation of Concord, CA, are two-meter diameter mesh balls,
initially filled about 25% full with coontail (Ceratophyllumdemersum). One to five Nutri-Pods are used per acre of
pond surface, for ponds at least one acre in size. These reduce nutrient concentrations in the water and successfully
compete with other aquatic plants, including planktonic algae. They were tested on a 27 acre lake near Sacramento,
CA, which underwent periodic major increases in nutrients (phosphates as high as 50 mg/L) from fertilizing on the
surrounding land. It took about two to four weeks for the Nutri-Pods to stabilize the lake after each major increase.
Adding Elodea to the Nutri-Pods hel ped to keep nutrient concentrations very low (phosphorus at about 0.01 mg/L
and nitrates less than 0.1 mg/L). The Nutri-Pods are inspected every few weeks and when they approach 100%
capacity with the internal aquatic plants, they are removed from the water, and plants are removed, except for about
25% that are used as a starter. The Nutri-Pods therefore use aquatic plants to improve wet detention pond water
quality, while enabling controlled harvesting with very little specialized equipment.

Planting wetland plantsin artificial wetlands for stormwater control doesn’t always determine the mixture of plants
that will become established in the long term. Wind (1996) describes a site that was seeded with perennial rye, plus
five wetland plants. After about three years, the site appeared to have a cattail monoculture, although no cattails
were originally planted, nor were any apparent in the project vicinity. Upon surveying the site, amuch greater
diversity of healthy plants was found, though few were included in theinitial seed mixture. Wind concluded that the
inhabiting plants were successful because of their suitability to the site and natural invasion was perhaps the best end
result. Theinitial seed mix should probably be considered a mechanism for erosion control and as“ nursery” plants,
giving invading natural species protection. However, invading nuisance plants should be controlled.

Tables 4 and 5 are examples of aquatic plants available from two different sources for upper Midwest ponds and
extreme southeast ponds. Table 4, from J.P. Ludwig (Ecological Research Services, The Academy Center, Bay City,
M1 48708), isacold region native wet site plant list for a seed mixture that was available in 1987. This seed mixture
was suited for saturated, moist, or flooded sites, (especially for clay or loamy organic soils) including pond edges.

Table 5isa1988 native plant list for extreme southeast wetlands from W. Miller (Aurora Incorporated, Florida).
Auroralnc. has assisted in the “agquascaping” of a number of freshwater Florida stormwater management ponds.
Table 5 indicates specific plants for different water depths (such as for the subsurface ledge that would include
upper and middle zone plants, and pond edges that would include the upper zone plants).

Figures 33 and 34 are maps showing the distribution of the growing season for common wetland plants used for
water treatment. In much of the country, the growing season is 6 months, or less, for these plants. There remain
serious questions concerning the ability of wetland plantsto retain pollutants during their dormant season.
Stormwater control with wetland vegetation is more restricted than sanitary sewage because it is not warm during
winter months. Sanitary sewage is warmer than ambient temperatures which can significantly extend the growing
season. The high chloride concentrationsin snowmelt and early spring runoff may be especially harmful to wetland
plants. Without deep pools of water (at least 3 feet), scour may also be a serious problem. It is recommended that
wetland systems be used as polishing systems after wet detention ponds for use only during their active growing
season. Most flows should be diverted around the wetlands during critical periods (especially dormant periods) to
prevent scour. Moderate amounts of plant growth in wet detention ponds, especially along the edge on the shallow
shelf, however, should be used. Tables 6 through 8 show the added benefits that biological systems can providein
ponds.



Table 4. Northern Native Seed Mixture for Wetlands

Agrimonia gryposepala
Amemone canadensis
Apocynum cannibuim
A. medium

Asclepias incarnata
Aster drummondii

A. novae-anglae

A. pilosus

A. umbellatus

Bidens cernua

B. frondosa

Carex sparganioides

C. Tenure
Cephalanthus occidentalis
Cirsium muticum
Convoloulus sepium
Cornus racemosa

C. stolonifera

Cyperus strigosus
Epilobium angustifolium
E. hirsutum
Eurpatorium maculatum
E. perfoliatum

E. purpureum
Gentiana andrewsii

G. crinita

G. procera

Geum laniciatum
Glyceria canadensis
Helianthus giganteus
H. grosseratus

H. tuberosa

Helinium antumnale
Iris versicolor

Jancus sp.

Leersia orizoides

Liluim michiganese

L. supurbum

Lobelia cardinalis
Lycopus americanus
Menaspermum canadensis
Onoclea sensibilis
Rosa palustrus
Rudbeckia fulgida

R. hirta

R. subtomentosa

R. triloba

Saggitaria latifolia
Scirpus americanus
Slphium terebinthinaceum
Solidago graminifolia
Sprirea tomentosa
Thelypteris palustris
Verbena hastata
Vernonia altissima

Agrimony
Windflower

Indian hemp

Indian hemp
Swamp milkweed
Aster

New England aster
Aster

Aster

Begger tick
Begger tick

Sedge

Sedge

Buttonbush
Swamp thistle
Bindweed

Grey dogwood
Red-osier dogwood
Galingale
Fireweed
Willow-herb
Joe-Pye weed
Boneset

Purple Joe-pyeweed
Bottle gentian
Fringed gentian
Gentian

Avens
Mannagruss

Giant sunflower
Sawtooth sunflower
Jerusalem artichoke
Sneezeweed

Iris

Rush

Sawgrass
Michigan lily
Turk's-cap lily
Cardinal flower
Water horehound
Moonseed
Sensitive fern
Swamp rose
Black-eyed Susan
Black-eyed Susan
Black-eyed Susan
Black-eyed Susan
Arrowhead
Bulrush

Prairie dock
Grass-leaved goldenrod
Hardhack

Swamp fern
Vercain

Tall ironweed

Source: Ecological Research Services, Bay City, Ml
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Upper Zone

Sand cordgrass

Soft rush

Blueflagiris

Middle Zone
Pickerelweed
Arrowhead

Fragrant white water lily
Strap leaf sagittaria
Source: Aurora, Inc.

Golden canna
Bulrush

Lower Zone

California

Table 5. Aquatic Plants Currently Utilized in Florida Aquascaping Projects
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Figure 33. Potential growth distribution for duckweed in the U.S. (Reed, et al. 1988).
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Figure 34. Suitable areas for hyacinth wetland systems (Reed, et al. 1988).

Table 6. Fish Species used in wastewater Treatment (Reed, et al. 1988)

Common name, scientific name

Pond location

Feeding habits

Silver carp, Hypophthalmichthys
molitrix

Bighead carp, Aristichthys nobilis

Black carp, Mylopharyngodon piceus
Grass carp, Ctenopharyngodon idella
Common carp, Cyprinis carpio

Tilapia, Tilapia spp., Sarotherodon spp.

Catfish, Ictalurus spp.

Fathead minnows, Pinephales
promelas

Golden shiner, Notemigonas
crysoleucas

Mosquito fish, Gambusia affinis

Buffalofish, Ictiobus spp.

Upper layers

Upper layers

Bottom
Ubiquitous
Bottom
Ubiquitous
Bottom

Bottom

Surface
Bottom

Phytoplankton

Phytoplankton, zooplankton, and suspended
solids

Snails, crustaceans, and mussels

Variable

Phytoplankton, zooplankton, and insect larvae
Plants, plankton, detritus, and invertebrates
Crustaceans, algae, fish, and insect larvae

Phytoplankton, zooplankton, and invertebrates

Insect larvae, zooplankton, and algae
Crustaceans, detritus, and insect larvae




Table 7. Contaminant Removal Mechanisms Available in Wet Detention Ponds (Hammer 1989).

Mechanism Contaminant Affecteda Description
Physical .
Sedimentation P - Settleable solids Gravity settling solids
S - Colloidal solids (and constituent contaminants)
{ - BOD, nitrogen, in pond/marsh settings.

phosphorus, heavy -
metals, refractory
organics, bacteria

and virus
Filtration S - Settleable solids, Particulates filtered
colloidal solids mechanically as water

passes through substrate,
root masses, or fish.

Adsorption S - Colloidal solids Interparticle attractive
force (van der Waals force).

Chemical
Precipitation P - Phosphorus, heavy Formation of or coprecipitation
metals with insoluble compounds.
Adsorption P - Phosphorus, heavy Adsorption on substrate
metals and plant surface.
S - Refractory organics
Decomposition P - Refractory organics Decomposition or altera-
tion of less stable compounds
by phenomena such as UV
irradiation, oxidation, and
reduction.
Biological
Microbial P - Colloidal solids, Removal of colloidal solids
metabolismb BOD, nitrogen, and soluble organics by sus-
refractory organics, pended, benthic, and plant-
heavy metals supported bacteria. Bacterial
nitrification/denitrification.
Microbially mediated oxidation
of metals.
Plant S - Refractory organics, Uptake and metabolism of
metabolismb bacteria, and virus organics by plants. Root
excretions may be toxic to
organisms of enteric origin.
Plant S - Nitrogen, phosphorus, Under proper conditions,
absorption heavy metals, significant quantities of these
refractory organics contaminants will be taken
up by plants.
Natural P - Bacteria and virus Natural decay or organisms
dieoff in an unfavorable environment.

Source: Stowell et al.14

aP = primary effect; S = secondary effect; | = incidental effect (effect occurring incidental to
removal of another contaminant).

bMetabolism includes both biosynthesis and catabolic reactions.



Table 8. Potential Uptake Rates of Lemna System (Lemna System, undated)

Uptake Rate

Elements Lbs/acrelyear
Phosphorus 700
Nitrogen 5,450
Iron 710
Chloride 940
Sulfur 580
Sodium 350
Potassium 2,250
Calcium 5,000
Copper 2
Zinc 6
Manganese 80
Magnesium 700
Chromium 5
Aluminum 2,300
Arsenic 5
Mercury 1

Natural wetland plant growth occurring in FBM chamber,
Sweden (Karl Dunkers photo)

Planting plants along wetland fringe at pond in Mamo,
Sweden



Watch where you step Eric



Malmo, Sweden, wetland/pond system treating
CSOs
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Volunteer pl anti ng
Sweden, ponds
Figure 35. Aquatic plants in treatment wetlands and wet detention ponds.

Locating Ponds

Ponds that require limiting access, because of uncontrollable nuisance conditions, can be more easily located in
industrial or commercial sites (Chambers and Tottle 1980). Ponds offering non-contact recreation and non-
consumptive fishing (such as small boat use, ice skating, and aesthetic enjoyment) must be better maintained
because of their visibility and need to be located for easy access. As noted in the following paragraphs, basin-wide
hydraulic analyses must be used in devel oping watersheds to identify the best |ocations for detention ponds to be
used for peak flow rate control.

L ocating detention ponds close to the sources of the pollutants usually requires the use of many small ponds.
Maintenance and cost considerations, however, usually dictate the use of a smaller number of larger detention
ponds. In the Washington, D.C. area, detention ponds are discouraged for drainage areas | ess than 25 acres
(Wiegand, et al. 1986). The largest drainage areas usually treated with wet detention pondsin the Washington, D.C.
area are about 400 acres. This drainage size range (25 to 400 acres) translates to effective pond surface areas of
about 1/4 to 12 acres.

Stormwater wet detention ponds for water quality benefits should be carefully located, considering critical source
areas and the use of other control practices. Placement of stormwater detention ponds on the main stems of receiving
watersis not recommended because of the large drainage area upstream that must be considered in the design and
the difficulty of effectively using additional controls upstream. Retrofitting detention pondsin existing areas
requires adifferent approach than for new construction. In retrofitting controls, detailed watershed analyses are
needed to identify outfalls of drainages that contribute significant discharges and upland locations near critical



sources (such asindustrial and commercial areas), all in conjunction with other possible controls that can be applied
simultaneously. They shouldn’t be arbitrarily used at all outfalls.

For new construction, wet detention ponds are needed in areas that have large pollutant potentials and where
infiltration controls cannot be used because of possible groundwater contamination. Large parking or storage areas
(paved or unpaved) greater than one acre in size need on-site wet detention pondsto serve as pre-treatment devices
before infiltration. Smaller areas may be better served with large catchbasins and oil and grease traps, or sand filters,
asinfiltration pretreatment. Shopping centers are an important example of these areas. Additionally, industrial areas
greater than about three acres need to be served with on-site wet detention ponds, with no infiltration. Large
residential areas, especially if having high-density single family or multi-family units, could also effectively use wet
detention ponds as part of the landscaping plans to supplement an infiltration program.

Special consideration is needed for areas or developments that are likely to produce significant water volume or
pollutant discharges. Large roofs produce substantial portions of the total runoff volumes from commercial and
many industrial areas. Roof runoff is relatively unpolluted, however, except for high zinc concentrations from
galvanized roof drainage systems. Paved parking and storage areas also produce large volumes of runoff, and this
water can be heavily polluted, especially in manufacturing or heavy industrial areas. While infiltration of roof runoff
from large roofs can produce significant water volume reductions, it cannot be used when roof runoff may be
contaminated, as may occur in manufacturing industrial areas. Where groundwater contamination is likely (such as
when the groundwater is close to the surface or in sandy soils) (Pitt, et al. 1994; 1996), wet detention basins (or grit
chambers with oil and grease traps for small areas) may be the best control device.

The following list shows which specific controls should be considered for large source areas:

- Roofs should direct the roof runoff to infiltration devices, depending on groundwater conditions.

- Medium parking lots and storage areas, having areas between 5,000 to 500,000 square feet should direct
this runoff to grit chambers and then to infiltration devices. If groundwater conditions prevent the use of infiltration
devices, then wet detention ponds need to be used. The multi-chambered treatment tank (MCTT) was developed to
be an effective control for these areas (Pitt, et al. 1999)

- Large parking lots and storage areas, having areas greater than 500,000 square feet, should use wet
detention basins before infiltration devices (such as percolation ponds). Groundwater conditions may prevent the use
of infiltration devices.

- Industrial sites greater than 100,000 square feet need to pre-treat their runoff in wet detention ponds
before discharge. Additional treatment may be needed for al industrial areas.

Itisusually easier to inspect (and maintain) asmall number of relatively large facilities, and larger wet detention
basins offer greater public use (such as non-contact recreation and non-consumptive fishing, for example). Industrial
areas or large shopping areas pose an important exception to large, regional detention basins. Public water contact in
industrial areawet detention basins should be discouraged because they can have very poor water quality. Industrial
discharges should also be kept separated in their own detention basins to optimize any special controls that may be
needed.

Stormwater control devices can be applied to storm drainage inlets and storm sewerage, besides at critical areas.
These may includeinfiltration devices, perforated underground storm drainage systems, roadside grass swales, or
catchbasin cleaning. Outfall controls also may include many options, but the two most efficient are infiltration
devices (percolation ponds) and wet detention basins.

Industrial areas have been found to produce very portions of the total urban runoff wasteload in cities, especially of
heavy metals and toxic organics. Unfortunately, much of this material is discharged during dry weather, possibly as
part of wash operations or minor spills. Wet detention basins at the outfalls of industrial developments are needed to
control runoff from the industrial sites and to offer an opportunity to remove any dry weather industrial spills and
discharges. Reported spills that enter the stormwater drainage system in industrial areas may also be contained for
cleanup in outfall wet detention basins. Installation of detention basins during the early phases of a construction
project (before the drainage system isinstalled) can significantly reduce sediment transport from a construction site
to receiving waters.
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Many stormwater control options can be used together very well. Infiltration trenches, for example, can treat runoff
from rains having relatively low intensities but long durations (and therefore large rain volumes). Infiltration devices
also remove most pollutants and flow volume from the runoff. However, they discharge these pollutants to the soil
and groundwater systems, requiring careful consideration. In all cases, local groundwater contamination potential
must be evaluated to reduce the probability of contaminating groundwater with stormwater infiltration (Pitt, et al.
1994, 1996). Detention basins, on the other hand, work well with high intensity, low volume rains, but do not reduce
soluble forms of the pollutants or flow quantities. These two devices can be used together to treat many runoff
pollutants for awide range of rain conditions.

Rosmiller (1987) notes that the location and amount of detention pond storage in relation to the size of the watershed
isimportant in determining the peak flow rate reduction potential of a pond. He found that large ponds on the main
stem of a stream and on its major tributaries result in greater reductions in peak flow rates than numerous smaller
ponds spread throughout the watershed. Unfortunately, this can conflict with water quality and biological objectives
in areas upstream of amain stem detention pond. He concludes that the best peak flow rate reductionsin
downstream portions of awatershed are associated with detention ponds located in the middle portions of a
watershed. Detention ponds located on tributaries in the downstream portions of watersheds can increase peak flows
in the main stem because of the superposition of peak flows from upper portions of the watershed and the peak

flows from delayed hydrographs from the downstream detention ponds.

Figures 36 through 38, from Rosmiller (1987), illustrate how detention pond locations can greatly influence the
resultant peak flow rates. Figure 36 shows awatershed with adownstream urbanizing tributary. Figure 37 showsthe
predevel opment (and pre-detention) tributary, main stem, and combined hydrographs for this watershed. Figure 38
shows how atributary detention pond located downstream of the urbanizing area maintains the predevel opment peak
runoff rate for the tributary, but resultsin substantially greater combined flows downstream after combining with the
main stem hydrograph.
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Watershed boundary

Stream

Subwatershed boundary

Detention basin

Hydrograph location

Figure 36. Detention pond located in downstream portion of watershed (Rosmiller 1987).
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Discharge, 1,000 cfs

Time, hours

Figure 37. Hydrographs before urbanization without detention (Rosmiller 1987).

Discharge, 1,000 cfs

Time, hours

Figure 38. Hydrographs after urbanization with downstream detention (Rosmiller 1987).

A detention pond does not reduce the runoff volume (in the absence of evaporation or seepage), but can only delay
the discharge of the runoff. Urbanization results in both increased peak runoff rates and runoff volume. Detention
can radically alter the shape of a hydrograph (and therefore the peak runoff rate) but it cannot reduce the runoff
volume. If the peak runoff rate is reduced, and no volume reduction occurs (such as from infiltration practices) then
the hydrograph base must be expanded. This expanded base hydrograph, if from a downstream area, can interact
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with the naturally delayed portions of upstream hydrographs (assuming the rain duration was less than the total
watershed time of concentration).

Rosmiller (1987) also states that similar problems may occur with detention facilities randomly located throughout a
watershed. This can be caused by stormwater ordinances requiring detention facilities located at each development
site that are to preserve pre-devel opment peak runoff rates. He points out that detention ponds for peak flow rate
objectives must be carefully located to minimize these interferences. He explains that effective stormwater
management to obtain peak flow rate objectives must be met using a combination of regional ponds on the main
stem and major tributaries for main stem protection and smaller on- and off -site ponds for local area protection.
Rosmiller's (1987) three stepsto minimize peak flow increases with interfering hydrographs from multiple ponds are
asfollows:

“1. Locate the regional ponds first and determine the volume of storage needed to obtain the attenuation
needed to reduce future peak flows to pre-development peaks.

2. Address each watershed upstream of each regional basin in turn to determine where supplemental ponds
are needed to give protection to the inhabitants and property in each watershed.

3. Design these localized on- and off-site ponds plus the regional pond for that watershed in concert with
each other so that the overall effect is achieved.”

Pond Surface Area and Shape

Surface areais one of the most important design considerations for particle removal. Surface areais also important if
the pond isto be used for recreational purposes. A minimum pond size of about five acresis necessary for a pond to
have much recreation value for anything but ice skating (Ontario 1984). Large pond volumes also reduce the chance
of arain displacing all of the pond volume and increase the residence times of the water for further water quality
improvement (Hey and Schaefer 1983).

Hittman (1976) reports that pond length to width ratios of about five have produced maximum pond efficiencies
(decreased short-circuiting) during dye tests. If along and narrow pond cannot be constructed, Schueler (1986)
suggests that baffles or gabions be placed within the pond to lengthen the flow path between the inlets and outlets.
Bondurat, et al. (1975) has also suggested that the idealized pond shape would be triangular: narrow near the inlet
and wider near the outlet. Thistriangular configuration would allow more efficient particle settling by having a
continually decreasing forward velocity. Very irregular pond shapes may decrease circulation and cause localized
nuisance problems. The pond shape should beirregular for aesthetic considerations, but with minimal opportunities
for water stagnation.

Pond Water Depth

Chambers and Tottle (1980) state that pond water depth affects algae growth, aguifer contamination, water
stratification, fish survival, sedimentation, and flood control. A storage volume above the permanent pool elevation
of the pond affects the pond’ s ability to absorb excess flows for flood control. Harrington (1986) found that
increasing the wet pool depth increases sedimentation efficiency (due to flocculation), but that surface areaincreases
were much more effective in enhancing the water quality performance of wet ponds. A minimum wet pool depthis
very critical in wet ponds to decrease scour losses of previously settled material. Without an adequate permanent
pool depth, very little water quality benefits can be expected from wet ponds.

To reduce widespread attached aquatic plant growth problems, a pond depth of at least four feet is recommended.
This depth will generally prevent the growth of attached aquatic plantsin clean ponds. Similarly, shallower pond
depths are needed in areas where attached aquatic plants are wanted, such as along much of the recommended
perimeter shelf of wet ponds. Schueler (1986) reports that many emergent plants require water depths of less than
six inches, while submerged plants typically require water one to two feet deep. Deep ponds will therefore restrict
plant growth. A water depth of about six feet over the major portion of the pond will also increase winter survival of
fish.

Extra pond depth needs to be considered for sediment storage between removal operations (Schimmenti 1980).

Wiegand, et al. (1986) state that it costs about five times as much to removal sediment during pond dredging
operations (about $14 per cubic yard) asit does to provide extra sediment storage capacity (sacrificial volume)
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during initial pond construction (about $3 per cubic yard). This sacrificial storage should be provided as deeper
forebays near the pond inlets (Driscoll 1986). These forebays, or the use of underwater dams, need to be designed as
pre-sedimentation traps to encourage the deposition of sediment in arelatively restricted area. Thiswould result in
more freguent sediment removal operations, but at a much lower cost.

Sufficient water depth (at |east three feet over the maximum deposited sediment thickness) is also needed to
decrease the potential of sediment scour caused by increased flows during large storms (EPA 1983). Hey and
Schaefer (1983) found that a depth of five feet was sufficient to protect the unconsolidated sediment from
resuspension in Lake Ellyn. Deep isolated pools should also be discouraged, as they will tend to accumulate poor
sediment and poor water quality (Free and Mulamoottil 1983 and Wigington, et al. 1983). Schueler (1986) also
recommends against ponds with average depths greater than six to eight feet to prevent water stratification and
associated water quality and fish survival problems.

Pond Side Slopes

Reported recommended side slopes of detention ponds have ranged from 1:4 (one vertical unit to four horizontal
units) to 1:10. Steeper slopes will cause problems with grass cutting and may erode. Steep slopes are not as
aesthetically pleasing and are more dangerous than gentle slopes (Chambers and Tottle 1980). Schueler (1986) also
recommends a minimum slope of 1:20 for land near the pond to provide for adequate drainage.

The slope near the waterline, and for about one foot below, should be relatively steep (1:4) to reduce mosqguito
problems (by reducing the amount of frequently wetted land surface), and to provide relatively fast pond drawdown
after common storms. However, aflat underwater shelf several feet wide and about one foot below the normal pond
surface is needed as a saf ety measure to make it easier for anyone who happensto fall into the pond to regain their
footing and climb out. This shelf should also be planted with native rooted aguatic plants (macrophytes) to increase
the aesthetics and habitat benefits of a pond and to create a barrier making unwanted access to deep water difficult.

Another method of treating pond edgesis placing gravel along the pond edge to decrease erosion and to make
mowing easier (Chambers and Tottle 1980). This method requires placing alayer of gravel about one foot deep and
15 feet wide along the pond edge, from about ten feet above the normal waterline edge and extending about five into
the water.

I nternal Baffles

The use of baffles within ponds has been shown to significantly increase detention pond performance (Hittman
1976). Bafflesincrease the travel distance of the water (increase the length to width ratio) and reduce short-
circuiting. Particle removal istherefore closer to what is theoretically predicted.

Outlet Structures

Most of the effort given to alternative outlet structure designs has been for dry detention ponds. Wet ponds usually
only have a surface weir, outlet pipe, or other simple overflow device toallow the passage of displaced pond water
during rains. With the use of a more sophisticated outlet device, located at the normal wet pond surface elevation,
more efficient particul ate removals and flood control benefits may occur.

Hittman (1976) recommends that wide outflow (and inflow) channels be used to decrease erosion. If wide flow
channels are not possible, then energy dissipaters to reduce the water velocity should be used. The Natural
Resources Conservation Service (was SCS 1982) has prepared design guidelines for outlet structures for wet
detention ponds. These guidelines include a turf-covered embankment having atrapezoidal cross section, a pipe
passing through the embankment as the major outlet with a metal riser and upstream trash rack, and an emergency

spillway.

Controlled emptying of a detention pond at low outlet flow ratesis desirable for effective sediment removal and
flood control. A small diameter outlet pipe, or asmall orifice on aplate, isusually used to achieve low outflows. The
rate of discharge varies for these outlets because of varying overlying water levels. High flow rates occur with
higher water levels and the outlet flows decrease with falling water levels. Selecting an appropriate outlet structure
has significant effects on pond performance. To have a constant pond performance for all events (if desired), the
shape of the outlet must allow a constant upflow velocity (pond outflow rate divided by pond surface area).
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If water temperature increases are expected to be a problem, then subsurface outlets may be needed. Subsurface
outlets also minimize trash fouling of the outlet. One method of achieving subsurface dischargesisto usea
submerged large diameter pipe (the pipe bottom must still be at least three feet off of the pond bottom to minimize
sediment scour) discharging to a control box that contains the outlet weir (such as av-notch weir) whose invert is
above the top of the pipe.

Mason (1981) states that the benefits of regulating runoff from the frequent less intense storms are usually
overlooked. Smaller storms produce less runoff per event, but may be heavily contaminated and occur frequently.
Outlets having variable opening sizes with depth can be designed to provide some detention of small rains while
allowing flood control benefits from the larger storms. V-notch weirs and multi-stage outlets can control both low
and high flows and are recommended for general use. These devices need to be located with their lowest openings at
the permanent pool water elevationin wet ponds to provide both desired water quality and flood control benefits.

Orlando, FL, pond modifications to capture litter and Typical perforated riser vertical stand-pipe a temporary
other floating debrisin pond pond, with no bar screens
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Retro-fitted v-notch weir in place of Ia}ge rectangular L7 #

weir at Monroe St. pond in Madison, W1 Temporary outlet control at construction site pond using

a plastic membrane over atimber weir, Auckland, NZ
Figure 39. Outlet structures at wet detention ponds.

Floating, multi-stage risers at Auckland, NZ, construction
site pond

Debris dome over Auckland, NZ, pond riser outlet
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safety bars, but culvert outlet
should normally be placed near pond bottom to allow
drainage for maintenance (State of Maryland photo)

k

weir

Ro verflow

s

Birmi ngam, AL pond outlet structure, showi ng cattails
partially blocking 22 in orifices through concrete wall (John
Easton photo)




Adjustable spillway using boardsin grooved weir
Figure 40. Outlet structures at wet detention ponds.

[

Bar screen at Boston CSO facility for trash control
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Garbage boom

Trash Net at Fresh Creek Brooklyn, NY
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Trash fece atpond inlet at Orlando pond, FL




Manual garbage removal along Riverwalk, San Antonio,
TX
Figure 41. Trash collection and traps at ponds and urban waterways.

Emergency Spillways

All detention ponds must also be equipped with emergency spillways. Mason (1982) states that the preferred
location of an emergency spillway is on undisturbed ground rather than over a prepared embankment to reduce the
erosion potential. Detention ponds treating runoff from small contributing areas can safely handle overflows as
sheetflows through well designed swales.

The Natural Resources Conservation Service (SCS 1982) guidelines for designing runoff control measures must be
followed when designing emergency spillways for wet detention ponds. In addition, if the detention pond islarge,
special regulations of the state and the Army Corps of Engineers must be followed.

Large concrete emergency spillway
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Gravel emergency spillway over riser and culvert,
Madison, WI
Figure 42. Emergency spillways at wet detention ponds.

Large concrete emergency spillway with energy
dissipater blocks

Broken concrete spillway due to undercultti g (phoo by
Mark Burford)



Multiple Detention Ponds and their use With Other Control Devices

Two or more wet detention ponds in series have been used to increase the removal of fine-grained sediment
(Hittman 1976). Multiple ponds usually have better removals than a single large pond having the same surface area.
Reduced short-circuiting and scouring of sediment usually occurs and maintenance dredging is restricted to the first
pond. It isimportant however that the downstream pond be significantly larger than the upstream pond for improved
performance.

Detention ponds can also be appropriately used in conjunction with other control measures. Because detention ponds
only affect particulate pollutants, source areainfiltration of relatively unpolluted waters may be needed to reduce
soluble pollutant discharges. Source areainfiltration also reduces the flow volumes that need to be treated by outfall
wet detention ponds, allowing size reductions for the ponds or increased performance.

Wet detention ponds can be used as pretreatment devices before infiltration to reduce the potential contamination of
groundwater. However, very little soluble pollutants (the pollutants that have greater potential for affecting
groundwater) are typically removed by wet detention ponds. They can, however, remove most of the particul ates
that are likely to clog infiltration devices, greatly extending the life of the infiltration device.

Enhancing Pond Performance During Severe Winter Conditions

Oberts (1990 and 1994) monitored four urban wet detention ponds during both warm and cold weather in
Minnesota. The ponds performed as expected during warm weather, providing typical removals of suspended solids
(80%), lead (68%), and TP (52%). However, he found that the ponds did a much worse job of removing suspended
solids (39%), organic matter (12% for COD), nutrients (4 % for TKN to 17% for TP) and lead (20%) in the winter.
He found that thick ice, which can form as much as 1 m in thickness, effectively eliminated much of the detention
volume for incoming snowmelt water. In addition, the first melting water was forced under the ice, causing scour of
the previously sediments. Later snowmelt water flowed across the surface of the ice, with very little sedimentation
opportunities. Any sediment that was accumulated on top of the underlying ice was later discharged when theice
melted. Similar research in Minnesota wetlands al so showed similar dismal performance during winter conditions,
for much the same reasons.

Oberts (1990 and 1994) proposed several improvements in stormwater management during winter conditions. His
initial recommendation isto utilize infiltration and grass filtering in waterways before any detention facilities. He
found that substantial infiltration can occur, even in clayey soils, underlying the snow. The ground under snowpacks
israrely frozen and infiltration can be significant until the soil becomes saturated. If the snowmelt is originating
from areas having automobile activity (streets and parking areas) or sidewalks, care must be taken because the
snowmelt likely would have high concentrations of salts that would adversely affect the local groundwater (Pitt, et
al. 1996). Figure 43 shows alayout of a stormwater treatment facility for northern areas, using grass swales,
infiltration areas, and a wetland/detention facility (Oberts 1994). The design of the detention pond should be
modified for winter operations. A low flow channel leading to and through the pond will discourage the formation of
ice. The pond can also be aerated to prevent ice formation, however, if it gets extremely cold, ice formation could
then be very thick and rapid. The most important suggestion by Obertsisto use a special riser for the outlet of the
pond that can be used to draw down the water elevation during the winter. Ice would then form near the bottom of
the pond and seal off the sediments. Asthe snowmelt occurs, the bottom outlets on the riser should be closed,
forming a deeper pond for better sedimentation. Figure 44 shows a schematic of this pond.
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Figure 44. Wet detention pond outfall risers for winter conditions (Oberts 1994).

Droste and Johnston (1993) examined snowmelt quality from snow disposal areasin Ottawa and conducted
treatability tests to examine the benefits of different settlement timesin 1 L test columns. They found that 2 to 6
hour settling times in these columns produced suspended solidsand metal removals approaching 90%. These tests
were conducted in controlled laboratory conditions and were not subjected to the actual site problemsidentified by
Oberts. These tests do indicate that sedimentation treatment of snowmelt islikely beneficial, especially if the unique
problems of scour and ice formation can be overcome.

Mayer, et al. (1996) examined the performance of four wet detention pondsin Toronto during different seasons and
during non-storm conditions. The thick ice cover on the ponds during the winter severely affected the pond water
quality. In addition, snowmelt and runoff from rainfall occurring on an existing snowpack, were poorly treated by
the ponds. Few of the biochemical processes that normally enhance pollutant removal in wet detention ponds during
warm weather are available during the winter, plus the ice pack decreases the efficiency of the physical processes, as
noted by Oberts. Water beneath the winter ice was typically devoid of oxygen, causing the release of ammoniafrom
sediments and increasing the water column concentrations to about 0.5 mg/L. High grit concentrations in snowmelt,
associated with winter sanding of streets, were effectively removed in the detention ponds. However, the high
chloride concentrations, from salting of the streets, were not affected by the ponds, as expected.



Marsalek, et al. (2000) examined the hydrodynamics of afrozen in-stream stormwater management pond located in
Kingston, Ontario, Canada. M easurements of the velocity field under the ice cover agreed well with that simulated
by a CFD model (PHOENICS™). During a snowmelt event, the near-bottom velocities reached up to 0.05 m/s, but
were not sufficient to scour the bottom sediment.

Detention Pond Design Fundamentals

The basic design approaches for wet detention ponds consider either slug flow or completely mixed flow. Martin
(1989) reviews these flow regimes and conducted five tracer studiesin awet detention pond/wetland in Orlando, FL,
to determine the actual flow patterns under several storm conditions. Completely mixed flow conditions assumes
that the influent is compl etely and instantaneously mixed with the contents of the pond. The concentrations are
therefore uniform throughout the pond. Under plug flow conditions, the flow proceeds through the pond in an
orderly manner, following streamlines and with equal velocity. The concentrations vary in the direction of flow and
are uniform in cross section. The steady state resident time for both flow conditionsis the same for both flow
patterns, namely the pond volume divided by the discharge rate. Historically, wet detention ponds have been
designed using the plug flow concept, probably because it had been used in conventional clarifier designs for water
and wastewater treatment. In reality, detention ponds exhibit a combination flow pattern that Martin terms
moderately mixed flow. He found that the type of mixing that actually occursis dependent on the ratio of the storm
volume to the pond storage volume. If the ratio isless than one, plug flow likely predominates. If theratio is greater
than one, the flow type is not as obvious. With faster flows in the pond, short-circuiting effectively reduces the
available pond storage volume (and therefore the resident time), with less effective treatment.

The stormwater management system that Martin (1989) monitored was comprised of a 0.2 acre wet detention pond
followed by a 0.7 acre wetland. The drainage areawas 41.6 acres, with 33% roadway, 28% forest, 27% high density
residential, and 13% low density residential land uses. The system was therefore about 2% of the drainage area, with
the wet detention pond portion about 0.5% of the drainage area. The pond’s maximum available live storage volume
was 18,500 ft>. The system produces moderate to high pollutant reductions of solids, lead, and zinc (between 50 and
80%) and smaller reductions for nitrogen and phosphorus (between 30 and 40%). At low discharges and with large
storage volumes, the pond was found to be moderately well mixed with residence times not much less than the
maximum expected if operating under ideal mixing conditions, with little short-circuiting apparent. At higher
discharges and with less storage volume, significant short-circuiting occurred.

Detention facilities designed for flood control differ greatly from those designed for water quality improvements
(Jones and Jones 1982 and Dally, et al. 1983). However, it is still possible to design dual-purpose detention facilities
to meet both water quality and flood control benefits. Flood control facilities are designed to affect large, but
infrequent, storms and “ignore” smaller, but common, storms. Water quality facilities need to address the opposite
set of conditions. Stormwater quality concerns are most commonly associated with frequent eventsthat cause
chronic long-term receiving water effects. Asan example, very few fish kills have been related to specific storms,
but many urban receiving waters have very poor fisheries due to continually poor quality urban runoff discharges
(Pitt 1986). Retention basins should be cost-effectively sized based on analysis of local-hydrological characteristics
and their impact on stormwater-runoff capture. Urbonas, et al. (1996) suggested that fine-tuning a pond design to
site characteristics and local conditions can save significant costs over recommending oversized ponds. For more
than a decade, the Queen’ s University/National Water Research Institute Stormwater Quality Enhancement Group
studied stormwater ponds with a fully instrumented on-line system in Kingston, Ontario, Canada as a representative
field installation (Anderson, et al. 2001). The research group concluded that a number of identifiable factors would
significantly influence the success, failure and sustainability of these ponds. These factorsincluded initial design,
operation and maintenance, performance and adaptive design.

Detention facilities can be designed to suppress the flows from small events and provide significant water quality
benefits by using small primary outlets, such as stacked orifices or V-notch weirs. If adequate free-board storage is
provided, significant flood control benefits from the same detention facilities are also possible. Alternately, wet
detention ponds designed for water quality benefits can discharge to downstream dry detention facilities (through
small primary outlets and emergency spillways) designed for flood control benefits alone.



Design considerations based on watershed scale is al so important, especially for flood control purposes. Local
flooding can be addressed by arelatively small detention facility that provideslittle, if any, downstream flood
control benefit. From awater quality viewpoint, a detention facility can also be designed to protect alocal sensitive
water body that would produce very little downstream water quality benefits. These local objectives are legitimate,
aslong as downstream problems are not increased (as can occur with flood control facilities). Alternative local
controls may also be available to alleviate both local problems and larger scale watershed problems.

Upflow Velocity

Linsley and Franzini (1964) stated that in order to get afairly high percentage removal of particulates, it is necessary
that a sedimentation pond be properly designed. In an ideal system, particlesthat do not settle bel ow the bottom of
the outlet will pass through the sedimentation pond, while particles that do settle bel ow/before the outlet will be
retained. The path of any particle is the vector sum of the water velocity (V) passing through the pond and the
particle settling velocity (v). Therefore, if the water velocity is slow, slowly falling particles can be retained. If the
water velocity isfast, then only the heaviest (fastest falling) particles are likely to be retained. The critical ratio of
water velocity to particle settling velocity must therefore be equal to the ratio of the sedimentation pond length (L)
to depth to the bottom of the outlet (D):

v_L
v D

as shown on Figure 45.
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Figure 45. Critical Velocity and Pond Dimensions

The water velocity is equal to the water volume rate (Q, such as measured by cubic feet per second) divided by the
pond cross-sectional area (a, or depth times width: DW):
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The pond outflow rate equals the pond inflow rate under steady state conditions. The critical time period for steady
state conditionsis the time of travel from theinlet to the outlet. During critical portions of a storm, the inflow rate
(Qin) Will be greater than the outflow rate (Qoyt) due to freeboard storage. Therefore, the outflow rate controls the
water velocity through the pond. By substituting this definition of water velocity into the critical ratio:

Qout — L
WDv D

The water depth to the outlet bottom (D) cancels out, leaving:

Qout = L
W
Or
Qout - LW
\)

However, pond length (L) times pond width (W) equals pond surface area (A). Substituting leaves:

Qout — A
\Y)

and the definition of upflow velocity:

QOUI

v ==t
A

where Qoyt = pond outflow rate (cubic feet per second),

A = pond surface area (square feet: pond length times pond width), and
v = upflow velocity, or critical particle settling velocity (feet per second).

Therefore, for an ideal sedimentation pond, particles having settling velocities less than this upflow velocity will be
removed. Only increasing the surface area, or decreasing the pond outflow rate, will increase pond settling
efficiency. Increasing the pond depth does |lessen the possibility of bottom scour, decreases the amount of attached
aquatic plants, and decreases the chance of winter kill of fish. Deeper ponds may also be needed to provide
sacrificial storage volumes for sediment between dredging operations.

The EPA (1986) detention pond water quality analysis procedure includes a partial credit for the removal of particles
having settling velocities |ess than the critical upflow velocity. Thisis based on the assumption of full depth and
well-mixed inlet zones that are used in conventional water treatment clarifiers, but are not likely for stormwater
detention ponds which mostly have surface (or near surface) inlets. For stormwater detention ponds, it should be
assumed that inlet zones are restricted to the pond surface and that the outlet zones are full depth, providing aworst-
case situation.

For continuous flow conditions (such as for water or wastewater treatment), the following relationships can be
shown:

Volume

- Flow rate
and
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Flow rate(Q,,) =Vol_ume

t
wheret = detention (residence) time. With
V= Qout
A

and substituting:

_ Volume
V=——
(t)(A)
but
Volume = (A)(depth)
therefore,
V= (A)(depth)
(t)(A)
leaving:
V= depth
t

It is seen that the overflow rate (Q/A) is equivalent to the ratio of depth to detention time. It is therefore not possible
to predict pond performance by only specifying detention time. If pond depth was al so specified (or kept withina
typical and narrow range), then detention time could be used as a performance specification for a continuous or slug
flow condition. However, it is not possible to hold all of the water in a detention pond for the specified detention
time. Outlet devicestypically release water at a high rate of flow when the pond stage isincreased (resulting in
minimal detention times during peak flow conditions) and lower flow rates at |lower stages, after most of the
detained water has already been released. The average detention time is therefore difficult to determine and is likely
very short for most of the water during a moderate to large storm. It is much easier to design and predict pond
performance using the upflow relationships for variable flow stormwater conditions.

The upflow ratio of outflow rate to pond surface area can be kept constant (or less than acritical value) for all pond
stages. Thisresults in a much nmore direct method in designing or eval uating pond performance. Pond performance
curves can therefore be easily prepared relating upflow velocity (and therefore critical particle control) for all stages
at apond site.

Effects of Short-Circuiting on Particulate Removalsin Wet Detention Ponds

Under dynamic conditions, particle trapping can be predicted using the basic Hazen theory presented by Fair and
Geyer (1954) that considers short-circuiting effects:

n
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where y, =initial quantity of solids having settling velocity of v,
y = quantity of these particles removed
yly, = proportion of particles removed having this settling vel ocity
Q = wet pond discharge
A = wet pond surface area
n = short-circuiting factor (number of hypothetical basinsin series)

Thisequationis closely related to the basic upflow velocity equation developed previously and isalso included in
WinDETPOND. The short-circuiting factor istypically given avalue of 1 for very poor conditions, 3 for good
conditions, and 8 for very good conditions. Short-circuiting allows some large particles to be discharged that
theoretically would be completely trapped in the pond. However, field monitoring of particle size distributions of
detention pond effluent shows that this has avery small detrimental effect on the suspended solids (and pollutant)
removal rate of apond. Figure 46 shows the effects of different n values on the removal of particles having different
settling rates (v) compared to the critical settling rate (Q/A). For a particle having a settling rate equal to the critical
values (v = Q/A), theideal settling indicates 100% removal, while for “best performance” (n = ¥), the actual
removal would be only about 65%. If the pond had an n of 1 (very poor performance), the removal of this critical
particle would be only 50%.
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Figure 46. Performance curves for settling basins of varying effectiveness (AWWA 1971).

The degradation of performance is much worse for particles having settling rates much larger than the critical rate.
However, most wet detention ponds are greatly over-sized according to their ability to remove large particles, so this
degraded performance has minimal effect on the overall suspended solids removal. The suggested detention pond
design presented in this discussion only operates at the “design” stage (where the critical particle sizeisbeing
removed) afew timesayear. At all other times, the smallest particles being removed in stormwater wet detention
ponds are much smaller than the critical size used in the pond design. Most larger particles are effectively trapped
because they are much larger than the design particle size (the pond is over-sized for these large particles), even if
they are not being removed at their highest possible rate. In most cases, afew relatively large particles (much larger



than the critical design particle size) will be observed in the pond effluent, but they have little effect on the overall
SS removal.

Figure 47 shows exampl e particle settling distributions for a pond, comparing effluent conditions using the short-
circuiting effects of Hazen’ s theory. The most common particle size (the mode) changes very little for the different
effluent conditions. However, there are more larger-sized particles present in the effluent using Hazen’ s theory
compared to the ideal theory, and the median size obviously increases as the value for n decreases.
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Figure 47. Influent and effluent particle settling rate distributions for settling basins of varying effectiveness
(AWWA 1971).

Very little degraded performance was observed at a pond monitored during NURP (EPA 1983) in Lansing, MI, that
was expected to have significant short-circuiting. A golf course pond located across the street from a commercial
strip was converted into a stormwater pond, but the inlets and outlets were adjacent to each other in order to reduce
construction costs. It was assumed that severe short circuiting would occur because of the close proximity of the
inlet and outlet, but the pond produced suspended solids removals close to what was theoretically predicted, and
similar to other ponds having much similar pond areato watershed arearatios. Actually, the close inlet and outlet
may have resulted in less short-circuiting because the momentum of the inflowing waters may have forced the water
totravel in ageneral circular pattern around the pond, instead of directly flowing across the pond (and “missing”
some edge area) if the outlet was located at the opposite side of the pond.

In another example, the USGS and the Wisconsin Department of Natural Resources have been monitoring the
Monroe St. wet detention pond in Madison for a number of years. Particle size distributions of influent (including
bedload) and effluent have been monitored for about 50 storms. The actual particle size distributions and suspended
solids removal's have been compared to calculated pond performance, using the WinDETPOND computer program
(Pitt and Voorhees 1989; Pitt 1993a and 1993b), for different short-circuiting factors. The calculated values of n



(based on matching measured effluent particle size distributions with distributions cal culated using different values
of n) ranged from about 0.2 to 1, indicating “very poor performance”, or worse. However, the pond is producing
very good suspended solids removal's (85 to 90% reductions) as designed, but the particle size distributions of the
effluent indicate some short circuiting (some large particles are escaping from the pond). The short circuiting has not
significantly reduced the effectiveness of the pond (measured as the percentage of suspended solids captured).
Therefore, care should be taken in locating and shaping ponds to minimize short circuiting problems, but not at the
expense of other more important factors (especially size, or constructing the pond at all). Poor pond shapes probably
cause greater problems by producing stagnant areas where severe aesthetic and nuisance problems originate.

Several recent urban wet pond studies have investigated various aspects of short-circuiting, and how to reduce its
effects on pond performance. The results of dye-tracing studies performed in a stormwater pond in Kingston
Township, Ont., Canada, demonstrated an increase in retention times with areduction in the velocity and volume of
short-circuiting flow, and a decrease in wind-generated-flow patterns, due to the installation of retrofitted baffles
(Matthews, et al. 1997). Shaw, et al. (1997) also concluded that regardless of the magnitude of inflow, the length to
width ratio (3:2) of the urban-stormwater-detention pond studied in Kingston, and inflow momentum, promoted
short-circuiting of the flow and limited settling efficiency. Dewey, et al. (2000) used a two-dimensional, vertically
averaged hydrodynamic model to compute the circulation and sedimentation patterns in stormwater detention ponds
or other water impoundment facilities. The Circulation and Water Quality Model (CWQM ) identified areasin the
pond where short-circuiting and dead zones occurred. Sedimentation, based on first-order decay, also could be
predicted. Field-testing verified that the predicted suspended solids concentration at the outlet and monitored outl et
concentrations agreed.
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Baffle fence constructed in pond to separateinlet (to Railroad on one side and Interstate highway on adjacent
right) from pond outlet (to |eft), forcing water to travel side of property restricted pond placement and layout

further down pond length. options
Figure 48. Pond site constraints and baffles to reduce short-circuiting.

Residence Time and Extended Detention Ponds

During quiescent conditions, simple column sedimentation occurs, with very little flow through awet pond. Lateral
flow would be caused by a baseflow from the watershed, supplemental water pumped from wells, or groundwater
intrusion. Urban area baseflows of about 0.001 cfs per acre of contributing watershed have been observed (Pitt and
McLean 1986), but can vary widely. The corresponding lateral flow for most ponds would be very small during dry
weather. A 200 acre watershed may only have a baseflow of about 0.2 cfs and atwo acre wet pond adequate to serve
this watershed may be about 200 feet wide and three feet deep. The dry weather lateral flow would therefore be

about 3 X 1074 ft/sec. It would therefore require very large baseflows and very small pondsto result in significant
lateral flows during dry periods. Therefore, interevent settling mainly occurs as a quiescent process, similar to what
would be observed during typical settling column experiments (water depth divided by the residence time equaling
the critical particle settling rate).
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Residence time is defined as the ratio of volume to average flow rate, resulting in atime dimension. It can be
assumed to be the average length of time any parcel of water remainsin the pond. Asin any pond performance
measure or design criteria, residence time values are very dependent on good pond configurations. Harrington
(1986) stresses the need to subtract pond “ dead zones” from pond volume when cal culating residence times. Dead
zones (and associated short-circuiting) can significantly reduce pond effectiveness.

Designing awet pond for the treatment of stormwater runoff based on residence time is usually not recommended.
Barfield (1986) states that residence (detention) timeis not agood criteriafor pond performance, but theratio of
peak discharge rate to pond surface area (the peak upflow velocity) isagood criteria of performance. The state of
Maryland uses aresidence time standard as part of their design criteriafor “extended detention” ponds. These ponds
are normally dry between events, or have asmall and shallow wet pond area near the outlet, and greatly extend in
surface area during storms. For these types of ponds, Harrington (1986) found, through computer modeling studies,
that aresidence time of about nine daysis needed to achieve a 70 percent reduction of particulate residue. Nine days
islonger than the inter-event period for most rains in the Midwest and the southeast, which is about three to five
days. These types of ponds are therefore not expected to be very useful for locations where the interevent periods of
rainsisshort, or the drain-down time of the pond israpid.

Extended detention ponds may be a suitable retrofitting alternative for existing dry detention ponds to achieve some
water quality benefitsin situations where it may not be cost-effective, or it may be excessively disruptive, to convert
adry detention pond into a standard wet detention pond. Most dry detention ponds are designed for flow rate
reduction benefits and need large amounts of storage volume, or are used as athletic fields during dry weather.
Complete re-grading of the site could be very expensive. The use of arelatively small wet pond near the outlet area
could achieve some water quality benefitsin addition to the existing water flow benefits, be a cost-effective retrofit
control measure, and still allow multiple use of the site. For new ponds, much more cost-effective solutions meeting
water quality, flood control, and recreation benefits could be achieved with the use of a conventional wet pond
located above adry pond that has an infiltration trench along the dry pond invert.

Figure 49 can be used to estimate the residence time needed in an extended detention pond to achieve specific
particle size reduction goals. For a six feet deep pond, a detention time of about three hours would allow particles

greater than about 10 nm to settle to the pond bottom. A detention period of 200 hours (about nine days) in this
pond, would settle particles greater than about 1-1/2 mm, which would produce very good SS control.
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Figure 49. Required residence time for complete settling (hours).

Unfortunately, dry ponds usually do not allow permanent retention of the settled particles. Subsequent storms
usually scour the fine particles previously settled to the pond bottom. As stated previously, dry detention ponds have
not been shown to be consistently effective water quality control devices. The use of asmall permanently wet
detention pond or wetland at the downstream end of a dry detention pond could help recapture some of these
scoured particles. As noted above, awet detention pond above adry pond is usually a much better solution, asthe
wet pond would then act as a pre-treatment pond, keeping particles and debris out of the dry pond. Thiswould
reduce dry pond maintenance and increase its saf ety by eliminating the deposition of toxic pollutants associated with
polluted dust and dirt particles. Thisisvery important if the dry pond isto be used for recreation.



One must be careful not to use Figure 49 to assume that shallow wet detention ponds are more effective than
moderately deep ponds. In some cases, shallow forebays (about one foot deep) have been recommended for wet
detention ponds, based on this residence time relationship. It appears that shallow detention ponds would require
less residence time to control particles. The particles would strike the pond bottom sooner for a shallow pond, but
increased turbulence (because of the shallow flow) would not allow the particlesto remain in place, scouring and
washing them into the main body of the pond, or out the pond outlet.

The discussion on pond depth summarizes many recommendations that wet ponds be at | east three feet deep (and
preferably five feet deep) over much of their areato reduce particle resuspension from flow turbulence. The
discussion of pond configuration also recommends that a deep forebay be used at each pond inlet to provide extra
sacrificial sediment storage volume and to concentrate the area of needed sediment removal. These design practices
would significantly reduce pond maintenance dredging costs, as compared to dredging the entire pond.

The discussion on upflow velocity as a design criteria showed the relationship between particle settling rates and
upflow velocity, while this discussion showed the relationship between particle settling rates and residence times.
There must therefore be a relationship between residence time and upflow velocity. Residence time is dependent on
pond volume and outlet rate, while upflow velocity is dependent on pond surface area and outflow rate. The
relationship between residence time and upflow velocity is therefore equal to the relationship between pond volume
and pond surface area, or the pond depth. When a pond depth of five feet is used, the residence times of ponds
designed using the upflow velocity method are generally the same residence times needed for similar control levels
using the residence time criteria. Even though the two procedures result in the same basic design, it is still
recommended that the upflow procedure be used for evaluating wet detention ponds during continuous records of
storm events. The depth and configuration design criteriaare very critical for the other pond uses (agquatic life,
aesthetics, and safety, besides scour prevention) and they should not be varied as part of the major design elements.

The upflow velocity design procedure requires knowing the same stage-surface area and stage-discharge
relationships that are also needed when designing ponds for flood control. These relationships also allow specific
guidance in the selection of an outlet control device. The residence time design method should be used when
designing extended detention ponds or for evaluating pond performance during dry intervals between rains when
very little flow occurs.

Stormwater Characteristics and Particle Size

The treatability of stormwater depends alot on various characteristics of the stormwater. The most important
characteristics are the pollutant concentrations, the associations of the pollutants with different particle sizes (or at
least the particulate and filterable fractions), and the particle size (and settling velocity) distributions. The following
discussion summarizes these stormwater attributes.

Stormwater Pollutant Characteristics for Different Land Uses

The University of Alabama and the Center for Watershed Protection were awarded an EPA Office of Water 104(b)3
grant in 2001 to collect and evaluate stormwater datafrom arepresentative number of NPDES (National Pollutant
Discharge Elimination System) MS4 (municipal separate storm sewer system) stormwater permit holders. The initial
version of this database, the National Stormwater Quality Database (NSQD, version 1.0) is currently being
completed. These data are being collected and reviewed to describe the characteristics of this data, to provide
guidance for future sampling needs, and to enhance local stormwater management activitiesin areas having limited
data. The cumulative value of the monitoring data collected over nearly aten-year period from more than 200
municipalities throughout the country has a great potential in characterizing the quality of stormwater runoff and
comparing it against historical benchmarks.

As of mid-summer 2003, 3,770 separate events from 66 agencies and municipalities from 17 states have been
collected and entered into NSQD. Figure 50 shows the locations of these municipalities on a national map. The
current database (NSQD, Version 1.0) covers areas mostly in the southern, Atlantic, central, and western parts of the
US. Anticipated future project phases will help us extend our national coverage. The databaseislocated at:

http://www.eng.ua.edu/~rpitt/Research/ms4/mainms4.shtml




Table 9 isasummary of the Phase 1 data collected and entered into the database as of mid-summer 2003. The data
are separated into 11 land use categories: residential, commercial, industrial, institutional, freeways, and open space.
In addition, summaries are also shown for mixed land use areas (indicating the most prominent land use), and for the
total data set combined. The total number of individual eventsincluded in the databaseis 3,770, with most in the
residential category (1069 events). For most common constituents, we have detectable values for almost all
monitored events. However, filtered heavy metal observations, and especially organic analyses, have many fewer
detected values. Thistable shows the percentage of analyzed samples that had detected values. The median and
coefficient of variation (COV) values are only for those data having detectabl e concentrations.
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Figure 50. Communities from which data has been obtained and entered in NSQD.

Figures 51 and 52 contain examples of grouped box and whisker plots for several constituents for different major
land use categories. The TKN, plus copper, lead, and zinc observations are lowest for open space areas, while the

freeway locations generally had the highest median values, except for phosphorus, nitrates, fecal coliforms, and
zinc. Theindustrial sites had the highest reported zinc concentrations. ANOV A analyses for all land use categories

(using SYSTAT) found significant differences for land use categoriesfor all pollutants.
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Table 9. Summary of Available Stormwater Data Included in NSQD, version 1.0

Cond. Hardness Oil and

Area Precip. Runoff (uS/cm (mg/L Grease Temp. TDS TSS BODs COD

(acres) % Imperv. Depth (in) Depth (in) @25°C) CaCO3) (mg/L) pH © (mg/L) (mg/L) (mg/L) (mg/L)
Overall Summary (3770)
Number of observations 3756 2185 3187 1446 688 1083 1835 1668 864 2994 3396 3110 2758
% of samples above detection 100 100 100 100 100 98.6 71.8 100 100 99.5 99.6 96.2 98.3
Median 56.0 54.3 0.47 0.18 120 38.0 4.0 7.50 16.4 80 58 8.6 53
Coefficient of variation 3.6 0.4 1.0 2.0 1.8 14 10.1 0.1 0.4 2.5 1.8 1.6 1.2
Residential (1069)
Number of observations 1066 647 906 418 107 250 524 319 205 861 985 935 791
% of samples above detection 100 100 100 100 100 100 64.5 100 100 99.2 99.7 97.6 98.6
Median 57.3 37.0 0.46 0.12 96 32.0 31 7.3 16.4 70.7 48 9 55
Coefficient of variation 4.7 0.4 1.0 19 15 1.0 8.0 0.1 0.4 2.0 18 15 11
Mixed Residential (615)
Number of observations 612 277 438 217 106 157 255 324 143 477 578 561 448
% of samples above detection 100 100 100 100 100 98.1 74.2 100 100 994 99.8 93.9 99.3
Median 150.8 449 0.55 0.18 115 39.7 4.0 7.50 16.0 86 68 7.7 42
Coefficient of variation 2.1 0.3 0.8 1.4 1.2 1.2 2.5 0.1 0.3 2.2 1.6 1.3 1.4
Commercial (497)
Number of observations 497 258 415 134 66 139 302 165 79 407 452 426 367
% of samples above detection 100 100 100 100 100 100 72.2 100 100 99.5 98.9 97.4 98.4
Median 38.8 83.0 0.39 0.23 119 38.9 4.7 7.30 16.0 77 43 11.9 63
Coefficient of variation 1.2 0.1 1.0 1.2 1.0 1.1 3.2 0.1 0.4 1.8 2.0 1.1 1.0
Mixed Commercial (303)
Number of observations 303 237 276 106 40 80 116 137 79 250 280 261 250
% of samples above detection 100 100 100 100 100 98.8 88.8 100 100 100 100 99.2 99.6
Median 75.0 60.0 0.47 0.35 103 35.0 4.0 7.60 15.0 69 54 9 60
Coefficient of variation 21 0.3 0.9 11 0.6 18 2.9 0.1 0.4 19 14 17 1.0
Industrial (524)
Number of observations 524 317 436 202 108 138 324 234 140 422 431 407 364
% of samples above detection 100 100 100 100 100 96.4 70.7 100 100 99.8 99.8 95.3 98.6
Median 39.0 75.0 0.49 0.14 136 39.0 4.0 7.50 17.9 92 77 9 60
Coefficient of variation 1.6 0.3 1.0 2.7 1.3 1.5 12.4 0.1 0.3 3.5 1.5 1.7 1.2




Table 9. Summary of Available Stormwater Data Included in NSQD, version 1.0 (continued)

Cond. Hardness Oil and

Area Precip. Runoff (uS/cm (mg/L Grease Temp. TDS TSS BODs COD

(acres) % Imperv. Depth (in) Depth (in) @25°C) CaCO3) (mg/L) pH © (mg/L) (mg/L) (mg/L) (mg/L)
Mixed Industrial (252)
Number of observations 252 133 226 117 58 83 80 180 71 224 244 220 218
% of samples above detection 100 100 100 100 100 94.0 96.3 100 100 100 100 95.0 98.6
Median 127.7 44.0 0.45 0.29 111 33.0 3.3 7.69 18.0 80 82 7.2 40
Coefficient of variation 2.0 0.3 0.8 1.2 0.8 0.5 2.2 0.1 0.4 2.4 14 1.7 1.1
Institutional (18)
Number of observations 18 18 17 14 18 18 18 18
% of samples above detection 100 100 100 100 100 94.4 88.9 88.9
Median 36.0 45.0 0.18 0.00 53 17 8.5 50
Coefficient of variation <0.1 0.2 0.9 21 0.7 0.83 0.7 0.9
Freeways (185)
Number of observations 185 154 182 144 86 128 60 111 31 97 134 26 67
% of samples abo