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Detention ponds are probably the most common management practice for the control of stormwater. If properly
designed, constructed, and maintained, they can be very effectivein controlling awide 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 also 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 isthe
most significant removal mechanism. However, biological and chemical processes can also contribute important
pollutant reductions. The extensive use of aquatic plants, in acontrolled manner, can provide additional pollutant
removals. Wet detention ponds also are suitable for enhancement with chemical and advanced physical processes.

This course will use the DETPOND stormwater detention pond model (model and compl ete documentation
included) to evaluate and design stormwater detention ponds for awide range of conditions. DETPOND is based on
the same modeling approach used in SLAMM, but provides more detail to enable more effective evaluations. This
course also includes extensive documentation of successful pond designs and approaches.

Thismaterial is excerpted from: Pitt, R. Stormwater Quality Management, Part Two: Treatment of Stormwater.
CRC/Lewis. Boca Raton, FL. Publication forthcoming.

[T gL oo (W Tox o] o IO OO OOV OT TR
Expected Detention Pond Performance
Potential Detention PONd Problems ...
Wet Detention Pond Design Guidelines to Minimize Potential Problems
Required Stormwater Detention Pond Maintenance............ccocovvevveerererseeereneneens
Basic Wet Detention Pond Design GUIEIINES..........covvveerreerreeeneeeeneenseeseeeneeene
Wet Detention Pond Costs
Pond Size Calculation

BaACKGIOUNG.......coiereerieiice et
Multiple Benefits of Detention FaCilitieS ........covvvvvevvvvesvssee s
Dry Ponds......ccocovvvvvvnsssessisisennns
Wet Detention Ponds
Extended Detention (Combination) PONAS..........cccerueeeereneseissnenssseessssesseseneens
Roof Storage.................

Up-Sized Pipes
Underground ROCK-Filled DELENiON.........covveeirererreerereseeseseseeesesesssesesessssnesesens
USe With Other CONIOIS........ccuieeereerireireeeree sttt
Examples of Detention Pond Performance.........cooecneeneeneesneesseeseeneneens
Chemical Assisted SEdimeNtatioN...........cceuvrerreererenrerreseee e seseeeeeseeaeeeeseneens
Full-scale Demonstrations
Oil/Water Separators...........cocreeereenes
LT V1AV < 7= = o o P
Coalescing Plate Interceptor Oil/Water Separators..........ovveeevevererererereseseserens
Impingement Coalescers and Filtration DeVICES.......cvvcevevccecrenecesenenenens
Maintenance of Oil/Water SEParatOrsS..........covureurereveeeesereeeresssessessesessesssesens
Performance of Oil/Water Separators for Treating Stormwater .....................

10-1



Problems With Wet DEtention PONGS..........cverireericinei e eee ettt s sssesses s sesssssssssssns
Safety of Wet DELention PONUS.........cooccrrereernerereseses s sesessssesesessss s ssssssssessssssssesssssesnes

Nuisance Conditionsin Wet Detention Ponds and Degraded Water Quality .........cccocveeunenes

Attitudes of Nearby Residents and Property ValUES ...
Maintenance Reguirements of Wet Detention PONGS............cveeincrneeneeenersnesseesseessesesneeens

Routine Maintenance REQUITEMENTS .........coueeirrerrreernee e sessssesesssssssssesssesssssssesseaes

1Yo 1 T
Debris and Litter REMOVEL.......c.couririuriririeireeireeireieeei st sess bbb
LTS o014 o 1P
Sediment Removal from Wet Detention PONGS..........c.orereincinesnensieene e ssessssesessesees
Problems with Contaminated Sedimentsin Wet Detention Ponds.............cccvenenieeenienen.

V egetation Removal from Wet Detention PONS.........coccerverreennenesssessssessssesssssssssssssssnens
DEtentiOnN PONG COSES ........cuceiureierestireseireieireee s st seses e se s bbb bbb sesneaees
Guidelines To ENhance PONG PErfOrMEINCE.........coueurirrireerreseeirireseesesesestsesessssssesesssssssessssssssessssssssesssssessssssssssssssasssssesssses

INSECt CONLIOl @NA FiSN SEOCKING ....vreeerierestirestiresct ittt bbb

Aquatic Plants for Detention Ponds

L OCEEING PONGS......covuieeeaereeereserese st es e s b bRt

PONd SUrface Areaand SNAPE ..ottt bRt

Pond Water Depth

PONA SIHE SIOPES ......ocucveieicictrtee ettt b e e A A s e A e s e bbb s e sn st s e s et s e s an st s s antes e s anta

INEEINEI BAFfIES... ettt bbb bbb e s bbb bbbttt

Outlet StruCtUres......cvceveveevereereneerennes

Emergency Spillways

Multiple Detention Ponds and their use With Other CoNntrol DEVICES .......cvevvereeirveseeistrenesesesesssse s ssessssssssessssens

Enhancing Pond Performance During Severe Winter Conditions
Detention Pond DeSign FUNCAMENLAIS .........couerierrieiieeriesi et ses st

UDFIOW VEIOCITY ..ottt bbb

Effects of Short-Circuiting on Particulate Removalsin Wet Detention Ponds

Residence Time and Extended Detention PONAS...........co sttt et sesaneas

PAITICIE SIZE ...ttt bbb £t £ £ R E et E £ E b e e e R b bt A b b e Rttt an b

Particle Settling Velocities

PON WAL LOSSES @NA LINEIS ..ottt ettt bbb bbbttt

Clay BIANKELS.......coveeceeeecictetsisesis ettt ettt b s s R et s e R b s e s A b s e ae A e s s e A bt s e b b b s s an b e s s nnan s taes
Waterproof Linings

Flow Rate Reductions In Water QUality PONGS..........c.cccvviiririniseirresiss s ssssessssssssssssssessssssssessssssssesssssssssssssnses

Control of Pollutants Other Than SUSPENEd SOLIUS.........cccvrrrirrerieirrese et ssassessesssssesaes

Natural Bacterial Dieoff in Detention Ponds

Design Based on NURP Detention Pond Monitoring RESUILS..........cceriieenineenecsese s sess e ssesessesessssessssenns

IMPOrtanCe Of RESEIVOIT ROULING ..ot nese et sses et bbb

Introduction To Storage-Indication Method

Outflow Rates From Discharge CONrol DEVICES...........cccuereeiriermiieetieesisese s sess s sessesessesss s essssesssssssssssaes

Stage-Area and Storage-Indication Curve DeVEIOPMENL..........coveeeiireirreeeee e sssesseaes

Storage-Indication Calculation ProCedure ...

Selecting Outflow Control Devices To Meet Water Quality Objectives
Wet Pond Design Criteriafor Water QUAIITY .....c.ccccuciiiiccecee ettt sttt st sssnsss s ssssnns
The Use of the DETPOND Program to Statistically Evaluate Wet Pond Performance

Example Pond Performance Using Suggested Design Specifications and DETPOND
DETPOND Veiification using Data Collected at the Monroe St. Detention Pond, Madison, Wi ..........ccccvveeeevnenens 103

= oo oy T 01V Ao = o) o TP

Data ANalYSiS aNG ODSEIVALIONS......c.cceieeeieeetieesieeserseses et ses st se s se e ees e ses e ses bbbt n b st enaas

Hydrograph/FIOW CaliDratiOn............ceeerierieiecieieei s

Particle Size Distributions and Short-Circuiting

Monroe St. Pond Verification CONCIUSIONS.........ccccriiruririieriereseeis e sessas st ess sttt asssssesesssesaes
Verification Based on Measured Performance at a Landfill Pond in Birmingham, AL. ... 117

10-2



Issues Associated with Using a Continuous Record of Rainsvs. a Single Event Storm

Stream Habitat Benefits Associated with Peak Flow Reduction Criteria
Untreated Flows Associated with Single-Event Criteria.........ccoveeverrenesceneenn.
Benefits of Using Continuous, Long-Term Simulations...........cooeverreeneceneeen.
Example Use of DETPOND and Wet Detention Pond Analyses...........cccocveverrenee.

Analysis of the Wet Stormwater Detention Pond for the Brook Highland Shopping Center ..........cocvvevvcnicenienn. 128
LT a1 o @ T Y O 1 (= - T
Background Information Related to Site Evaluation
ANalysiS Of DESIGN SLOMMS .....c.cveiererece ettt sse s
Analyses Using Long-Term Rainfall RECOrds.........ccoovvvenvencernnesecenrensennns
Design Storm Runs Using DETPOND .......ccccovevnrnnnensesneseseeeseessessesseeens
RS (= 11000 = LT

The Use of DETPOND to Evaluate Wet Detention Pond for Minneapolis-St. Paul Airport
Long-Term Rain and RUnoff Analyses for MinNEaPOLIS .........cvueerreirienineirsisesisees s
Estimated Performance of Minneapolis-St. Paul International Airport Pond DeSIgN.........coucueevervenerreneeneeerecereeenn:
Bypass of Excessive FIowS around PONG ...
Short-CircUiting FaCtOr EFFECES .......ccuiieeiieeieereenee et
Sizing and Performance of Airport Wet Detention Pond Based on Simple Design Criteria.......c.ouenecniernnrennns 147
Suggested Pond Modifications to Enhance PErfOrManCe...........cceeirinsssesssssssss s ssssssssssssssssens 150
Special Issues Associated with Wet Detention PONAS @t AiFPOITS.......ccecccnienceeneneseeseseste s sesssssesessssssesens 150
DETPOND Input File for Proposed Minneapolis Airport Wet Detention PoNd...........c.ccceceveveeecnneneiesesenssesenens 151
DETPOND Output File for Proposed Minneapolis-St. Paul International Airport Wet Detention Pond (1952 —
T98O) ...ttt ee et R AR R R SRR AR R R ARt b b nai

Design Suggestions for In-Receiving Water DELENLION...........ccccvvirerenesereseseessessssesesessssssssessssssssssssssssssssssssssssssssesees

Retro-fit Examples for Providing Water Quality Benefitsin Existing Dry Detention Ponds

Evaluation and Recommended Modifications to a Small Dry Stormwater Detention PONd............ccovenecenieeeniinenns 156
Background Information Related to Site Evaluation
ANalYSIS Of DESIGN SLOMS .....evieeecrrecree s
AnalysisUsing Actual Long-Term Rainfall RECOITS.........oceeiiemirienerieeeree e ssessesens
Design Storm RUNS USING DETPOND ...t sssse s s ssssssssssssssssssssssenns
Photographs of the Dry Detention Pond at the Stonecrest Apartments

Retrofit of Dry Detention PONd in SUNNYVAIE, CA ...t ssss s sss st ss st s sesesssssesssssssesens
LS (L= 1 o1 TP
Treatment Concepts and Retrofitting ObjectiVes..........ccocvvvveevecccsseneeenns
Description of SUNNYVale RELIOfit ACHIVITIES.......cccieereccrrece sttt
ProbIEMS ENCOUNTEIEA........couciieeeiieeircisses ettt bbb bbbt
M ONIEOTTING PrOGIraM. ... ceceeeeeeeceeiseseseeesesesssesesessssssesesssssessessssssssesssssessssssssesassssessssesssssessssssssssssnssnsesnssesssesassnssnsnsesssnsssens
Flooding Analysis, Storm Hydrology, Water Quality and Sediment Monitoring Results
COSt EffECtiVENESS EVAIUBLTION.......ccceeeeeeeceeir sttt sessss e ss st sssssssse s sssesssesnsessssenssnsssenssnsees
(70 Tox 115 o LS OO

Retrofit Case Examples from the Center for Watershed Protection (Claytor 1998)
Example of Retrofitting an Existing Stormwater Detention Facility, Wheaton Branch, Montgomery County,

/= 1Y T 174
Example of a Retrofit in a Highway Right-of-Way, Bear Gutter Creek, Westchester County, New York......... 176
Conclusions

REFEIBINCES. ..ottt bbb bbbt

Appendix A: User GUIide fOr DETPOND ...t ssessssssssssssssssssssssesssssssssssssssssessssssssesessssssessssssssesssens
Example Design Calculations and Evaluation Using DETPOND
Stepsin Entering Data for Evaluation in DETPOND
Example 1: Create a Rain File for USe in DETPOND ..o s sses s sssssssessssessesessssessssesssesaes
Example 2: Edit the Rain File Created in EXaMPIE ...t sssss s essssenass
Example 3: Create a Rain File from CD ROM Data
Example 4: Stochastically Generate @ RaIN FilE ...t
Example 5: Create a Particle Size DiStriDULION FilE ...

10-3



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 suitablein 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 also 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. Lessreliable 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 20 years, much additional 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 practicesto be most cost-effective. The
combinations of practicesthat are most efficient for a specific area must be selected based on many site specific
conditions and local objectives. In almost al cases, however, the use of wet detention pondsis 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

mai ntenance program is necessary to ensure the best performance and minimize associated problems, many
stormwater ponds have functioned well with minimal maintenance. In addition, aslong as certain design guidelines
are followed, many design details that are worthwhile to consider do not create critical problemsif incorrectly
implemented. Finally, it is possible to retro-fit stormwater ponds and correct many of these problems as experience
dictates. These robust attributes are rare for most stormwater control practices. As an example, astudy 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. This report
concluded that several types of the 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 which could often
be attributed to poor initial site selection and/or lack of proper maintenance. The poor performance of some of the
controlswas 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 awider range of
marginal conditions.

The majority 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 also 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.
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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 aguatic 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 al so 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 yearsto obtain an ecological balance. During the initial 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 threeto five
times the width for maximum detention efficiency and the inlets and outlets need to be widely spaced to minimize
short-circuiting.

- Need at least 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 dry weather, possibly with groundwater, to improve water quality. Reduce
contaminated baseflows from entering the pond through source controls.

- Correct 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 aquatic 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:
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Rooted aguatic plants on shelf

1:10to 1:4 slops I\]/ M (A(/U)’
to normal high water
level M Normal water level range
1:4 to 1:1 slope M(f h J
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 particulate
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 the inlet and outlet areas from scour erosion and cover theinlets and outlets with appropriate
safety gratings. Provide an adequate emergency spillway. Minimize water elevation changes to discourage mosquito
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 extra pond depth for sacrificial volume to lengthen dredging intervals (approximately oneinch per
year, much morein forebays). Also plan for heavy equipment access to pond edges.

- Remove excessive algae 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 and the Corps of Engineers must be followed.

- Pond size is dictated mostly by desired particle control and water outflow rate. The following tableisan
estimate of pond surface requirements for different land usesand conditions. Five nm control will remove dl
particles greater than five mmfrom the runoff water and corresponds to about 90% suspended solids reductionsin
urban runoff. Twenty mm control will result in about 65% suspended solids reductions.
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Percent of drainage arearequired as pond for:

Land Use 5 mm control 20 nm control
Totally paved areas 3.0 percent 1.1 percent
Freeways 28 10

Industrial areas 20 0.8
Commercia areas 17 0.6
Institutional areas 17 0.6
Residential areas 0.8 0.3

Open space areas 0.6 0.2
Construction sites 15 05

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 five and twenty nm particle control:

600 V-notch weir 900 V-notch weir

Head Discharge Min. surface acresfor: Discharge Min. surface acresfor:
(feet) (cfs) 5mm 20mm (cfs) 5mm 20mm
05 0.25 0.044 0.004 045 0.08 0.006
1 14 0.25 0.02 24 042 0.03
15 39 0.69 0.06 6.7 12 01

2 80 14 011 14 25 0.2

3 2 39 0.32 40 71 0.6

4 45 79 0.65 81 14 12

A discussion of wet detention pond design procedures must include three very important publications that all
stormwater managers should have. Tom Schueler’ sControlling 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. Water shed Protection Techniquesisa periodical published by Schueler at the Center for
Watershed Protection (Ellicott City, Maryland) and includes many summaries of current stormwater management
research, including new developing 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.

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 awide 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 elsewhere. 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).
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There is probably more information concerning the design and performance of detention pondsin 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 isthe most significant removal mechanism. However, biological and chemical processes can
also contribute important pollutant reductions. The extensive use of aguatic 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 al so
are suitable for enhancement with chemical and advanced physical processes. Lamella separators, air floatation,
filtration, and UV disinfection are examples of treatment enhancements being investigated in France (Bernard, et al.
1996; Delporte 1996).

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 a grassfilter. 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.

Littleinformation has been provided in the literature on the performance of artificial wetlandsin cold climates for
stormwater treatment. Dormant plants provide ineffective mechanisms for pollutant removal, plus scour of

previously retained pollutants may increase during periods of dormancy. It isrecommended 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 aguatic
plantsis also 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 improvementsisflood 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 devices to 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 residents living 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. Recreational fishing in wet
detention facilities using catch and release is currently enjoyed by many.

The integration of properly designed, constructed, and maintained wet detention ponds into parks and linear green
(and blue) belts can provide substantial community benefits, evenif the water quality in the pondsislessthan
“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.
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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 aguatic habitat by reducing flushing of fish and other
organisms from urban creeks (Pitt and Bissonnette 1984). Flow reductions also reduce downstream channel bank
erosion and bottom scour. The use of many dry pondsin awatershed, without regard to their accumulative effect,
can actually increase downstream flooding or channel scour problems (McCuen, et al. 1984). The delayed discharge
of amass of water from a dry 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 NURP program, 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. 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, by themselves, 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).

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 program ranged from poor

to excellent, generally depending on the size of the detention pond relative to the watershed area served and storm
characteristics (EPA 1983). Sedimentation is the main pollutant removal process, but biological processes can aso
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 algae is 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 effectivein the control of stormwater runoff flows and pollutants, but must be carefully designed and
maintained to prevent nuisance conditions from devel oping.

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 removals, 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, grass filters or percolation
ponds, with much greater pollutant removal benefits, compared to dry ponds.
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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 particulate 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 inletsto 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
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. L ong term maintenance of the
infiltration areawould also be less of a problem with a surface percolation area as compared with an infiltration

trench system.

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). Thisdevice 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, 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 areasinthe 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 excessiverock 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. A series of control devices has been described by Hawley, et al. (1981) that uses 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 conditions in the detention
facility.
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Examples of Detention Pond Performance

There have been many studies that have examined detention pond performance. They included laboratory 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 reductionsin 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 times to 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 chemicalstested and used include alum (generally a complex of
auminum 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 wasthe 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 coagul ants were easily disturbed by runoff turbulence.

Kronis (1982), in aseries of Ontario bench and pilot scale tests, found that disinfection of stormwater with NaOCI at
5 mg/L available chlorine reduced fecal coliform populationsto less than 10 organisms per 100 ml. Heidentified

alum dosages of 30 mg/L as apreferred flocculant, with 10 to 30 percent increasesin removals of particulate

residue, BOD5, 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 flocculation treatment procedure for stormwater
in Berlin. He found that because the stormwater was weakly buffered and was very soft, a polyaluminum chloride,
with acationic 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 possible 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 flocculation 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 aslow. The costs
for this enhanced treatment (7 to 10 DM/nT in 1990) was about 10 to 40% higher than with the ordinary one-hour
sedimentation tanks alone.

Pitt and Dunkers (1992 and 1995a) described afull-scale stormwater treatment plant, using the Karl Dunkers
system for treatment of separate stormwater and lake water. This system has been 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
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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 areduction in phosphorus concentrations of about 10 ng/L per
year in the lake, or atotal phosphorus reduction of about 100 ng/L during the data period since the treatrment 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 |ake phosphorus concentration improvements
averaged about 50 ng/L. Thiswas only about one-half of the theoretical improvement, probably because of
sediment-water interchange of phosphorus, or other unmeasured phosphorus sources.

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 aflow-weighted 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 are currently
23 alum stormwater treatment systemsin Florida. Harper and Herr (1996) report that alum treatment of stormwater
has consistently achieved 90% reductionsin total phosphors, 50 to 70% reductions in 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 conditions.

Herr and Harper (1996) also reported on avery large alum project at Lake Maggiore in St. Petersburg, FL. This 156
halake receives stormwater from a 927 hawatershed. Water quality problems were noted as early as the 1950s that
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
will be operational in August 1997, comprising the largest alum stormwater treatment system ever built.

An alum pilot-scale treatment system for stormwater, located in Minnesota, was described by Kloiber and Brezonik
(1996). This system injected 1 mg/L (as Al) aluminto a storm sewer at a pumping station just upstream of a1.2 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 is 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 is currently conducting a series of chemical addition treatability tests for stormwater. He is examining alum,
ferric chloride, and ferric sulfate (all with and without organic polymers), and organic polymers alone. Heis also
testing the benefits of adding a microsand (75 to 150 mm) as acoagulant aid. Preliminary findingsindicate that ferric
chloride with the microsand is the most effective chemical for treating stormwater. The concentrations of the ferric
chloride arein the range of 30 to 80 mg/L, and the microsand is added to produce a turbidity of about 200 NTU.
Heavy metals (copper, lead, and zinc, in both particulate and filterable forms) and toxicants (asindicated by the
Microtoxa screening test) removals have been greater than 80%, with many tests greater than 95%. Phosphates are
aso 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. It isnot yet clear how sensitive
dosage control will have to bein order to provide acceptable levels of heavy metal control. Figures 1 through 6 show
typical heavy metal removals for several chemical addition tests.
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Full-scale Demonstrations

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 included full-scale monitoring of nine wet detention ponds (EPA 1983).
The Lansing project included two up-sized pipes, plusalarger detention pond. The NURP project located in Glen
Ellyn (west of Chicago) monitored a small 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
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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 BOD5 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 awet detention pond (L uzkow, 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 phosphorus removals 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 which 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 aNURP project, reported substantial urban runoff improvements for a smll
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 amuch 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 asmall 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 hawet detention pond serving a 60 ha urban watershed near Ottawa, Ontario. Batch
operation of the pond resulted in substantial pollutant control improvements for particulate residue, bacteria,
phosphorus, and nitrate nitrogen. Continuous operation gave slightly better performance for BOD5 and organic
nitrogen. Suspended solids reductions were about 80 to 95 percent, BOD5 reductions were about 35 to 45 percent,
bacteria was 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 particul ate nutrient forms were mostly nitrogen and phosphorus that were tied
up with the plant cells and not the particulate nutrient forms that were discharged to the pond with the runoff
(Driscoll 1986). Itisdifficult to design a detention pond to obtain a desired net removal of nutrients (soluble plus
particul ate forms) because of the plant uptake and conversion of soluble formsto particulate 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. Therole of aquatic plantsin nutrient (and other
pollutant) removals for 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.
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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 practicesin Sweden. Van Buren, et
al. (1996) also reported on the performance of a 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 acceptabl e 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 m® 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 a grit removal forebay. This pond design was eval uated 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
metals (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, especialy
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 ponds in the summer, with chlorophyll a concentrations of about 30 nmg/L. The chlorophyll a
concentrations in the other two ponds were much lower, between about 3 and 10 ng/L.

Maxted and Shaver (1996) examined the biological and habitat characteristics downstream from several headwater
wet detention ponds in Delaware to measure beneficial effects. They found that the ponds did not improve the
habitat conditions or several benthic indices, compared to similar sites without ponds, when the watershed
impervious cover exceeded about 20%. They stress that more research is needed examining other stream indicators,
especialy in less devel oped watersheds and in other parts of the country. They concluded that riparian zone
protection, which is commonly overlooked in extensively developed watersheds, needs much more attention. The
use of stormwater management practices apparently only is able to overcome part of the detrimental effects of
development.

Stanley (1996) examined the pollution removal performance at adry 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%), anmonia 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 1. In all cases, the removals of the stormwater
pollutantsis 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 observed three years after its construction. The most
notabl e changes was 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 a few months after the pond was
constructed and was not affected by these changes. Stanley felt that the wetlands environment, with the woody
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vegetation, if allowed to spread, could actually increase the pollutant trapping performance of the facility. With
continued no maintenance, the dry pond will eventually turninto awet pond, with asignificant permanent pool.
The pollutant retention capability would increase, at the expense of decreased hydraulic benefits and less flood

protection than originally planned. Maintenance problemsindry ponds had also been commonly noted in earlier
Maryland surveys.

Table 1. Summary of Dry Detention Pond Pollutant Removal Capability (Stanley 1996).

Detention pond name and locatlon

-

Lakeridga Lomdan Stedwlick Mapla Run Oakhampton
morthern farlharnm Mantgomany Austin, Baltimore, Lawranca Groanvilla,
Virgina® Virgina® Co., Md.* Tax? M.® Kans.' M.C.¥
Walershed, acres &B 1 a4 25 17 1; 200
i 4
Impardousness, %
Hiowirs to drain adler [ilng 1-2 =10 B-12 -4 G-16 Tg
Storms monitored 28 27 25 LK 19
Femoval aficencies, %
TS5 14 bt ] 0 a0 a7 3 m
TP 20 40 13 18 . 26 19 14
PO,-P —6 -12 0 26
TH 10 25 24 35 26
MOy-H g9 52 =10 20 -2
M 55 54 B4 4]
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Pt ] 62 29 i 55
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Each study difars wilh respect 1o pond design, number of storms monitored, pallutant removal caloulation techniques, and monitoring Lechniques.

Therefora, exacl comparisons cannol be made. . o .
= WG (1983) ® CWRIL (1987); © Schueler and Halfrich (1988); ' City of Auslin,d 1821 parsonal communication, cited in Schueler ef &, (1892);
® Bajtirmors Depariment of Public Waorks (1985); ' Pope and Hesa (V888]: ® this study.

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 developed 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 no 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 areaflooding. 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.

Yu, et al. (1996) monitored seven wetlandsin 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 awell-designed and well-maintained facility. They found

10-18



no harm to the wetland vegetation due to the highway runoff. They are also creating an Arc/Info GIS system to

alow the VDOT to track the more than 200 mitigation wetlands that they have already constructed, plusthe
additional ones needed in the future. A stormwater model was also developed, specifically to predict pollution
retention in the mitigation wetlands. They are using a modification of WA SP4, with amulti-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, Millsand Precourt, Inc.) that tested severa different submerged wetland cells for 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 plan to construct more, as resources allow.
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 adepth 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 BOD5, 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 theinitial
improvement was mostly through dilution and dispersion. Continued pollutant reductions showed that pollutant
uptake in the system was occurring, however.

The StormTreatd system isamodular control device that includes sedimentation and plants (Allard, et al. 1996).
Oneunitis 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 critical site treatment that rely mostly

on sedimentation for pollutant removal include the Vortechséa unit (from Vortechnics, Portland, ME), the
Stormcepterd  (from Stormceptor Corp., Rockville, MD), and the Pollutec CDS& unit (from CDS Technologies,
Alpharetta, GA). These units may be promising for critical 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.

Oil/Water Separators

This section briefly examines the most widely available oil/water separation technologies and their expected ability
to treat stormwater, asthey 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 as may be found at some industrial locations. About 90%
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reductionsin oil are possible if 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
lessthan about 100 mg/L. Littleinformation 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
technologies would be appropriate for the diffuse locations and highly irregular stormwater flows from critical
source areas and are therefore not addressed in this report.

Gravity Separation

Gravity separation relies on the density differences between oil and water. Qil 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 isthe 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 mai ntenance 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) Oil/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 asa
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 risesto 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 adiameter 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 astudy of an oil/water separator treatment device in the community of
Velizy, France. Also, APl 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 (APl 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.

Thefollowingisapartial list of oil/water separator manufacturersin the U.S.:
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- 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 vaultsin King County, Washington, revealed that they had main chamber
depthsof 1.2 — 1.5m (4- 5ft), widthsof 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
achieveremoval of al oil droplets of 75 mm in size, or greater, however, practical removal sizeswould probably be

in excess of 150 mMm

Coalescing Plate I nter ceptor Oil/Water Separators

The coalescing plate interceptor (CPl) 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 drops to slide off the platesand 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 areais the 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. Qil 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 accumul ates above and below the
current. Asoil and sludge build up, the oil then breaks free and rises, while the sludge descends to the separator
bottom. In adown-flow separator, the water flows downward while oil risesto 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 oilsand solids. The plates are
tilted at an angle of 45° - 60°, allowing sludge and ail to slide off , preventing clogging and resulting in lower
maintenance reguirements. 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).

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 a good treatment choiceif the wastewater contains smaller droplets and possibly some unstable
emulsions with larger diameter droplet sizes. Dissolved oil, stable emulsions, or alarge amount of unstable
emulsions would decrease the performance of the coalescing plate interceptor separators.
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The API notesthat it is difficult to describe the separation processin aparallel plate separator due to the variability
of plate size, spacing, and inclination. They recommend that usersrely on the empirically-derived
recommendations of the plate unit vendors when selecting a coal escing plate interceptor separator.

Impingement Coalescer sand Filtration Devices

Filtration devices are used as post-treatment after separation in coalescing plate separators, and greatly improves the
removal efficiency of asystem. Many systems utilize these devices for treatment of industrial runoff; however, they
are occasionally used in stormwater applications aswell (Aires 1995). The most common type used isavertical tube
coalescer which has arandom matrix 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 devicesin place of plate systems. Oleophilic (oil-loving) filters provide amaximum
coalescing surface, aswell as helping to create amore 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 the filters allow the oil dropletsto come in contact with each other and coal esce together.
Second, the oleophilic properties of the media attract oil droplets and hold them until they coal esce 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, this processin 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, evenwhen pretreatment occurs. Also,

if stable emulsions are present, surfactants will poison thefilter by interfering with the surface-wetting properties of
thefilter (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 materials to
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 amajor reason for failure. As waste builds up, the volumein
the chamber above the sludge layer is reduced and therefore the retention timeis 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 schedule can then be
obtained for each individual device. French researchers also advocate this approach, by developing individual

mai ntenance schedul es after intensive observations for six months (Aires 1995).

Ease of maintenance must be considered when designing separators, including providing easy access. Maintenance
on these devices is accomplished by using suction equipment, such as atruck 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 left in place, but otherwise, they are lifted out along with any
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other filter devices that 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 thereis inadeguate space, then the plates will need to belifted 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 ahose or high pressure water spray to remove accumulated oil and grit. Sludge isremoved from
underneath the coal escer 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 Stor mwater

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 il to a paved washpad, with water added via
asprinkler system to simulate rainfall. Oil is of aspecified 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 enters the separator. A study in Velizy, France, found that the SS removal 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, devicesless than one year old were effectivein
trapping sediments. Devices older than one year appeared to lose as much sediment than 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
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chambers, 27% contained high oil and floatables loading in their first chambers, and 23% contained high oil and
floatablesloading in their second chambers.

Numerous manufacturers have devel oped 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 freefall/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 (Aires and 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 numbers can be higher than 6000), 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 attemptsto
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 saf ety concern associated with wet detention ponds. Marcy and Flack (1981) state
that drowningsin general most often occur because of slips and fallsinto water, unexpected depths, cold water
temperatures, and fast currents. Four methods to minimize these problemsinclude: 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 methods.

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 someindividuals who like to defy barriers, and impede
emergency accessif 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 aswhen 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 close to 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 afal se 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.
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Marcy and Flack (1981) also encourage the placement of escape routesin the water whenever possible. These
could be floats on cables, ladders, hand-holds, safety nets, or ramps. 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 7. 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
baftie plate

steel rod
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Figure 7. Various trash racks and baffles used by the SCS (NRCS). (SCS 1982).
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Eccher (1991) lists the following pond attributes to ensure maximum safety, while having good ecological control:

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

2) slopes should be controlled to insure good footing,

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

4) shoreline erosion needs to be controlled.

Nuisance Conditionsin Wet Detention Ponds and Degraded Water Quality

Most new detention ponds require from threeto 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 al gae growths (Ontario 1984).

Schueler (1986) and with Galli (1992) reported that water discharged from wet detention ponds may be warmed by
as much as 10 to 15° F in the summer months, unless shaded or subsurface dischargers are used.

The haphazard installation of detention ponds can increase downstream flooding and erosion problemsif aregional
hydraulic analysis and careful plan isnot 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.

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 residents living
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 homeowners in the Champaign-Urbana arealiving in seven
subdivisions having either dry or wet detention ponds. She reported that past studies have recognized that devel opers
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 developments 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 awet 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
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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 were 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 a modular 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
which 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, especialy 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
wet detention ponds.

Maintenance Requirements of Wet Detention Ponds

In order for detention pondsto 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 can cause
detention facilities to become eyesores, nuisances, and health hazards (Poertner 1974). If apond doesnot “ need”
mai ntenance (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.

Routine Maintenance Requirements
The following summary of routine maintenance requirements is based on a discussion 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 least twice ayear to control undesirable plants that may
interfere with pond operation. Attractive landscaping and adeguate |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 theinlet and outlet grates and the water surface.
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Inspections

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.

Sediment Removal from Wet Detention Ponds

Large sediment accumulations in 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), a pond having a surface area of about 0.6
percent of the contributing area should remove about 90 percent of the settleable solids (particul ate 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 2500 pounds per acre for commercial areas.
Other land uses contribute sediment generally between these values. Assuming adensity 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 ratesin 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 McCuen (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 is needed about every five to ten years,
depending on the variation in sediment deposition over the pond and the sacrificial storage volume designed. It is
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 isto 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 top soil 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
through afloating line where the sediment is then dewatered and loaded into trucks or piled. A sediment trap
(forebay) can also be constructed near the inlet of the pond. The entrances into the pond are widened and submerged
dams are used to retain the heavier materialsin arestricted areanear theinlets. This smaller area can then be cleaned
much easier and with less expense than 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 as |low as one dollar per cubic yard have been reported, but this|ow
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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Problemswith Contaminated Sedimentsin Wet Detention Ponds
Frequently, concern arises about the safety of disposing sediments from wet detention ponds. There have recently
been several studies that have addressed thisissue, as summarized in the following paragraphs.

Dewberry and Davis (1990) analyzed sediments from 21 ponds in northern Virginia. They found trace metalsin
many of the sediments, but the available forms of the metal s were significantly less than applicabl e 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 a Florida 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 al 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 accumul ation rates were found to be between 0.25 and 0.72 cm per year and correlated 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 ny/g, Pb: 84 to 1025 ng/g, and Zn: 13 to 538 ng/g), and nutrients (N:
1.1to 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 TCL P extractabl e portions of the metals. These were found to be significantly less than the whole
sediment metal concentrations (Cu: 0.13, Ni: 0.31, Ph: 0.27, and Zn: 0.33). They determined that the TCLP

extractable 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 eval uated 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 enters the stormwater. Therefore, siteinventories 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 surveys for alarge drainage area having many separate owners, but it isfeasible for small
wet ponds serving single facilities. Jones (1995) and Jones, et al. (1996) also discuss other options to minimize the
chance that wet pond sediment would be classified as hazardous under RCRA:

- Reducethelikelihood that listed substances would comein contact with precipitation or runoff.

- Inventory and track hazardous materials and encourage the use of less toxic replacement compounds.
- Install stormwater pre-treatment facilitiesto localize the problem.

- Reduce the accumul ation 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 deeper ponds, rooted aquatic plant growths are usually restricted close to the shoreline (Ontario 1984).
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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 is desirable 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). Algae isusually
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. Many
rooted aguatic plant growth problems can be significantly reduced by using a deep pond which restricts light
penetration.

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 also 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 aquatic 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.

Detention Pond Costs

Reported construction costs of detention facilities vary widely dueto 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 nine inter-connected wet detention ponds at a hospital site in 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 amillion
dollarsin savings because the ponds were used as an emergency fire water supply instead of having to build
conventional water storage tanks.

The costs of ten detention pond systems were compared by Chambers and Tottle (1980). Thetotal drainage system
costs with detention ranged from about $1200 to $11,500 per acre of land served, and averaged about $5200 per acre
of pond. Most of these detention systems produced significant peak runoff flow rate reductions, allowing substantial
decreasesin the sizes of the stormdrain pipes. Average savings were about $2500 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 $1800 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 along the main channels, increasing the total area available
for development, even when considering the land needed for on-site detention.
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Poertner (1974) a so 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 8. A pond that covers 0.5 percent of a 150 acre watershed area would 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 retro-fitting apond in an
established area.
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Figure 8. 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 (Vs).
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. As an example, a0.5 acre pond (five feet deep)
would cost about $50,000 (or $120,000 per pond acre), while a nine 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
differencesin costs between large wet and dry detention ponds, probably because the wet ponds had greater
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economics of scale. However, smaller wet ponds were generally about 30 to 60 percent more expensive than small
dry ponds (Schueler 1986). Schueler has recently reexamined these detention pond costs and has found that they
have increased by about 15% since 1986 due to inflation (Schueler unpublished 1997).

Itisincorrect 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
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 01 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 is often necessary to provide the needed
permanent pool storage for wet ponds.

Maintenance is a necessary part of any stormwater management system, and the associated maintenance 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 differences in 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 |oaders 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 adrainin smaller ponds to 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. M aintenance costs (including periodic dredging) are estimated to be about four percent of this
initial construction cost per year, or about $1500 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 apond to achieve the samelevel of performancein an industrial area, theinitia
construction costs (again excluding land costs) would be about $800 per watershed acre, with annual maintenance
costs of about $30 per watershed acre.
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Guiddines To Enhance Pond Performance

The Natural Resources Conserv ation 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.
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 cement, should be added along unstable
banks and near the inlet 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 maintenanceis 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 arearequiring

mai ntenance 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, oilsand
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 McL ean (1986) also found large amounts of toxic pollutantsin
runoff flows from many source areasin an industrial areain Toronto. Most of these toxic pollutants werein 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 assumingthat 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 levelswithin
several hours after arain has ended, if aquatic vegetation is kept to a minimum (such as only along anarrow ledge
close to 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 adeguate biological controlsfor midges, reducing the
need for chemical controls (Ontario 1984).

Some developers have tried to stock trout, yellow perch, and northern pike in detention ponds, but no reproduction
and poor wintering soon eliminates these |ess tolerant fish. Detention ponds receiving urban runoff arelikely to
contaminate fish, making them unsuitable for consumption. Brydges and Robinson (1986) have conducted ext ensive
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 Plantsfor Detention Ponds

Aquatic plants are used in many waysin detention ponds, including providing increased nutrient and other soluble
pollutant removal's, competition with nuisance plants, aquatic life habitat, physical barriers, and decorative
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landscaping elements. Obviously, care needsto be taken when selecting aquatic plantsto ensure that the plants will
support the desired objectives and be compatible with multiple objectives and the local growing conditions. Itis
best to consult professional aguatic 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 |oosestrife). Plants
that could be established in wet detention pondsinclude arrowhead and cattails. Cattails sometimes interfere with
the operation of asurface 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
(1996) warns against planting trees and brush on an impoundment because seepage problems may result by root
action.

An interesting use of aguatic plantsto 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 m 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 |ake after each major increase.
Adding Elodea to the Nutri-Pods helped to keep nutrient concentrations very low (phosphorus at about 0.01 mg/L
and nitrates lessthan 0.1 mg/L). The Nutri-Pods are inspected every few weeks and when they approach 100%
capacity with theinternal aquatic plants, they are removed from the water, and plants are removed, except for about
25% which 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, a much greater
diversity of healthy plants was found, though few wereincluded 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 2 and 3 are examples of aguatic plants available from two different sources for upper midwest ponds and
extreme southeast ponds. Table 2, from J.P. Ludwig (Ecological Research Services, The Academy Center, Bay City,
M1 48708), isacoldregion native wet site plant list for a seed mixture that was availablein 1987. This seed mixture
was suited for saturated, moist, or flooded sites, (especially for clay or loamy organic soils) including pond edges.

Table 2. Northern Native Seed Mixture for Wetlands

Agrimonia gryposepala Agrimony
Amemone canadensis Windflower
Apocynum cannibuim Indian hemp

A. medium Indian hemp
Asclepias incarnata Swamp milkweed
Aster drummondii Aster

A. novae-anglae New England aster
A. pilosus Aster

A. umbellatus Aster

Bidens cernua Begger tick

B. frondosa Begger tick
Carex sparganioides Sedge

C. Tenure Sedge
Cephalanthus occidentalis Buttonbush

10-34



Cirsium muticum

Swamp thistle

Convoloulus sepium Bindweed
Cornus racemosa Grey dogwood
C. stolonifera Red-osier dogwood
Cyperus strigosus Galingale
Epilobium angustifolium Fireweed
E. hirsutum Willow -herb
Eurpatorium maculatum Joe-Pye weed
E. perfoliatum Boneset

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

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, M

Upper Zone

Sand cordgrass
Soft rush
Golden canna
Blueflagiris
Bulrush

Middle Zone

Pickerelweed
Arrowhead

Spartina bakeri
Juncus effusus
Canna flaccida
Irisvirginicus
Scirpus validus

Pontederia cordata
Sagittaria lancifolia
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Lower Zone

Fragrant white water lily Nymphaea odor ata (-3 to-5)
Strap leaf sagittaria Sagittsria subulata (-1 to-3)

Source: Aurora, Inc., FL

Table 3isa 1988 native plant list for extreme southeast wetlands from W. Miller (Auroralncorporated, Florida).
Auroralnc. has assisted in the “aguascaping” of a number of freshwater Florida stormwater management ponds.
Table 3 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 9 and 10 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
guestions concerning the ability of wetland plants to 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 concentrations in 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.

M oderate amounts of plant growth in wet detention ponds, especially along the edge on the shallow shelf, however,
should be used.
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Figure 9. Potential growth distribution for duckweek in the U.S. (Reed, et al. 1988).

Year-round

= § months per year

Figure 10. Suitable areas for hyacinth wetland systems (Reed, et al. 1988).

Figure 11 isacross-section of aLemna pond (an engineered stabilization pond for sanitary sewage treatment,
supplemented with aquatic plants), showing the processes that are available for pollutant removal in a biological
system, supplementing the physical processes. Tables 4 through 6 also show the added benefits that biological
systems can providein ponds.
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Figure 11. Water treatment processes available in wetland treatment system (Lemna System, undated).
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Table 4. Fish Species used in wastewater Treatment (Reed, et al. 1988).

Common name, scientific name

Pond location

Feeding habits

Silver earp, Hypophthalmichthys
molitriz
Bighead carp, Aristichthys nobilis

Black carp, Mylophoryngodon piceus

Grass carp, Ctenopharyngodon idella
Common carp, Cyprinis carpio

Tilapia, Tilepiz spp., Sarotherodon
5pP-
Catfish, Jetalures spp.

Fathead minnows, Pinephales
promefas

Golden shiner, Notermigonas
crysoleucos

Mosquito fish, Gambusia affinis

BuiTalofish, fetiobus spp.

Upper layers
Upper layers
Bottom
Ubiquitous
Bottom
Ubiguitous
Bottom

Bottom

Burface

Fhytoplankton

Phytoplankton, zooplankton
suspended solids

Snaile, erustaceans,
mussels
Variahle

Phytoplankton,
zooplankton,
insect larvas

Plants, plankton, detritus,
invertebrates

Crustaceans, algae, fish
insect larvae

Fhytoplankton, zooplankton
invertebrates

Insect larvae, zooplankton,
algae

Crustaceans, detritus,
insect larvae
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Table 5. Contaminant Removal Mechanisms Available in Wet Detention Ponds (Hammer 1989).

Mechanism

Contaminant Affecteds

Description

Physical
Sedimantation

Filtration

Adsorplion

Chemical
Precipitation

Adsorption

Decompaosition

Bislogical
Microbial
metabolismb

Plant
mietabolisms

Plant
absorplion

Matural
dieaff

P - Satlzable solids

5 - Collgidal solids

1 - BOD, nitrogen,
phosphorus, heavy
metals, refractory
organics, bactena
amd virus

5 - Sellleable solids,
colloidal solids

5 - Colioidal solids

P - Phosphorus, heavy
metals

P - Phosphorus, heavy
metals

5 . Refractory organics

P - Refractory organics

P - Colioidal solids,
BOD, nitragen,
refractory organics,
heavy metals

5 - Refractory orgamcs,

bacteria, and virus

5 - Nitrogen, phosphorus,

heavy meatals,
refractory organics

P - Bactleria and virus

Gravity seftling solids
(and constifuent contaminants)
in pondfmarsh settings.

Particulates filtered
mechanically as waler
passes through substrate,
roat masses, or fish,

Interparticle attractive
force {van der Waals force).

Fommation of or coprecipitation
with insoluble compounds.

Adsorption on substrate
and plant surface,

Decompasition or altera-

tion of less stable compounds
by phenomena such as UV
irradiation, oxidation, and
reduction.

Removal of colloidal solids
and soluble organics by sus-
pendad, benthic, and plant-
supported bacteria, Bacterial
nitrification/denitrification.
Microbially mediated oxidaticn
of metals.

Uptake and metabolism of
organics by plants. Root
excretions may be toxic to
organisms of enteric origin.
Under proper conditions,
signiticant quantities of thess
contaminants will be taken

up by plants.

Natural decay or organisms
in an unfavorable environmant.

Source: Stowell e al. '

P = primary effect; 5 = secondary effect; | = incidemtal effect {ellect occurring incidental to

removal of another contaminant). . .
bMetabolism includes both biosynthesis and catabolic reactions
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Table 6. Potential Uptake Rates of Lemna System (Lemna System, undated)

Uptake Rate
_Elements_ Ibsfac Bar
Phosphorus 700
Mitrogen 3,450
Iron 710
Chlorde ; 940
Sulfur 580
Sodium 350
Patassium 2,250
Calciurm 5,000
Copper 2
Zinc 6
Manganese 80
Magnesium 700
Chromium 5
Aluminum 2,300
Arsenic ) 5
Mercury 1

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 locations for detention pondsto 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 asmaller number of larger detention
ponds. In the Washington, D.C. area, detention ponds are discouraged for service areas less than 25 acres (Wiegand,
et al. 1986). The largest service areas usually treated with wet detention ponds in the Washington, D.C. areaare
about 400 acres. This service size range (25 to 400 acres) transl ates 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 mainstems 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. Retro-fitting detention pondsin existing areas
requires adifferent approach than for new construction. In retro-fitting controls, detailed watershed analyses are
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needed to identify outfalls of drainagesthat contribute significant discharges and upland locations near critica
sources (such asindustrial and commercial areas), al in conjunction with other possible controls that can be
applied simultaneously. They shouldn’t be arbitrarily used at all outfals.

For new construction, wet detention ponds are needed in areasthat have large pollutant potentials and where
infiltration controls can not 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 ponds to 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 the most significant 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 the infiltration program.

Specia consideration is needed for areas or developments that are likely to produce significant water volume or
pollutant discharges. Large roofs produce substantial portions of thetotal runoff volumes from commercial and
many industrial areas. Roof runoff isrelatively unpolluted, however, except for high zinc concentrations from
galvanized roof drainage systems. Paved parking and storage areas al so produce large volumes of runoff, and this
water can be heavily polluted, especially in manufacturing or heavy industrial areas. Whileinfiltration 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 islikely (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.

- 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 pretreat their runoff in wet detention ponds before
discharge. Additional treatment may be needed for all 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 noncontact recreation and nonconsumptive 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 have very poor water quality. Industrial
discharges should also be kept separated in their own detention basins to optimize any special controlsthat 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 large 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
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phases of a construction project (before the drainage system isinstalled) can significantly reduce sediment
transport from a construction site to receiving waters.

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. 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 apond. He found that large ponds on the
mainstem of a stream and on its major tributaries result in greater reductionsin peak flow rates than numerous
smaller ponds spread throughout the watershed. Unfortunately, this can conflict with water quality and biological
objectivesin areas upstream of a mainstem 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 mainstem 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 12 through 14, from Rosmiller (1987), illustrate how detention pond locations can greatly influence the
resultant peak flow rates. Figure 12 shows a watershed with a downstream urbanizing tributary. Figure 13 shows the
predevelopment (and pre-detention) tributary, mainstem, and combined hydrographs for this watershed. Figure 14
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
mainstem hydrograph.
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Figure 12. Detention pond located in downstream portion of watershed (Rosmiller 1987).
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Figure 13. Hydrographs before urbanization without detention (Rosmiller 1987).
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Fgure 14. Hydrographs after urbanization with downstream detention (Rosmiller 1987).

A detention pond does not reduce the runoff volume, but can only delay the discharge of the runoff. Urbanization
resultsin 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 rateis
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reduced, and no volume reduction occurs (such as from infiltration practices) then the hydrograph base must be

expanded. This expanded base hydrograph, if from adownstream area, can interact 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-development 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 steps to 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-devel opment 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 isachieved.”

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 increases 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 theinlet
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 be irregular 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 (dueto 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.

The NRCS (SCS 1982) recommends a pond depth of at least six or seven feet in agricultural areas to insure adequate
water during dry periods. In urban areas, the runoff water yield per acreis substantially greater than in agricultural
areas, and the depth could probably be less. However, in urban areas containing substantial infiltration devices (such
as grass swal e drainage ditches) this deeper depth may be needed.

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

10-46



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)

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 resultin
more frequent sediment removal operations, but at a much lower cost.

Sufficient water depth (at least 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 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). Sclueler (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 mosquito
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 safety 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 aquatic 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.

Internal 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 istheoretically predicted.

Outlet Structures

Most of the effort given to alternative outlet structure designs has been for dry detention ponds. Wet ponds usually
only have asurface weir, outlet pipe, or other simple overflow device to allow 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 particulate 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 guidelinesinclude aturf covered embankment having atrapezoidal cross section, a pipe
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passing through the embankment as the major outlet with ametal riser and upstream trash rack, and an emergency
spillway.

Controlled emptying of adetention 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 variesfor 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).

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 use a
submerged large diameter pipe (the pipe bottom must still be at |east 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 rainswhile
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 elevation in wet ponds to provide both desired water quality and flood control benefits.

Emergency Spillways

All detention ponds must also be equipped with emergency spillways. Mason (1982) states that the preferred
location of an emergency spillway ison 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 guidelines for designing runoff control measures must be followed
when designing emergency spillways for wet detention ponds. In addition, if the detention pond is large, special
regulations of the state and the Army Corps of Engineers must be followed.

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 asingle 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 particulates
that are likely to clog infiltration devices, greatly extending the life of the infiltration device. Oil and greasetraps are
essential for wet detention ponds that serve commercial and industrial areas (Dally, et al. 1983).

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
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(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 min 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, evenin 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 which would adversely affect the local groundwater (Pitt, et
al. 1996). Figure 15 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 ext remely 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 16 shows a schematic of this pond.
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Figure 15. Treatment park concept for severe weather runoff and snowmelt treatment (Oberts 1994).
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Figure 16. Wet detention pond outfall risers for winter conditions (Oberts 1994).

Droste and Johnston (1993) examined snowmelt quality from snow disposal areas in 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 solids and metal removal s approaching 90%. These tests
were conducted in controlled |aboratory 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 ponds in 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 concentrationsin 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.

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 completely 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 uniformin 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 theratio isless than one, plug flow likely predominates. If theratio is greater
than one, the flow typeisnot 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 ft3. 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
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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 |ess 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 events that cause
chronic long-term receiving water effects. As an 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).

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 also 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 below the bottom of
the outlet will pass through the sedimentation pond, while particles that do settle below/before the outlet will be
retained. The path of any particleisthe 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_Lt

v D
as shown on Figure 17.
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Figure 17. 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):

v-2
a
or
V:i
DW

The pond outflow rate equal s the pond inflow rate under steady state conditions. The critical time period for steady
state conditionsisthe 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 controlsthe
water velocity through the pond. By substituting this definition of water velocity into the critical ratio:

QOUI - L
WDv D

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

% =L
W
Or
Qout =LW
\

However, pond length (L) times pond width (W) equals pond surface area (A). Substituting |eaves:
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and the definition of upflow velocity:

Qout
A

V=

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 anideal 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 less 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 foll owing relationships can be
shown;

Volume

- Flow rate
and

Flow rate(Q,,) :w

wheret = detention (residence) time. With

Qout
A

V=

and substituting:

_ Volume

VS — 08—
(O(A)

but
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Volume = (A)(depth)

therefore,
, = (A)(depth)
(A
leaving:
V= dei)th

It is seen that the overflow rate (Q/A) is equivalent to the ratio of depth to detention time. It istherefore not possible
to predict pond performance by only specifying detention time. If pond depth was also specified (or kept within a
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 adetention pond for the specified detention
time. Outlet devicestypically release water at ahigh 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 timeis 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. This resultsin amuch more direct method in designing or evaluating 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:

V,

y . €
=1+
& QA

Yo

= Sl

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)

This equation is closely related to the basic upflow velocity equation developed previously and isalso included in
DEPTOND. 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)
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removal rate of apond. Figure 18 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), the ideal 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%.

— il — ——
————e——————m

100 . T T . : 7
Ideal mn""i"], ‘Beat performonce,n s o—

SR A

i
|

[

80 o e e =
b .I
5?&"*3‘“%*’“'# vedy_poor pertormaree 2]
[ [4]
| NS T TN [ —
] [ = aull

< == Good pert .3
7 K performance, n
ff//fl/f/ﬂc:‘"- Poar per fn‘rmuntl-  ne EI

[
3

g 3
[

5 &
P
A

Percentoge removal, 100 .,T;
[+ ]
o

ha
(=]
-\...L_‘-

[=]

o i
0 04 0B 12 16 20 24 28 32 36 40 44 48 52 56 6.0

Treatment parameter » I_ul.r:i

Figure 18. 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
SSremoval.

Figure 19 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’ stheory
compared to the ideal theory, and the median size obviously increases as the value for n decreases.
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Figure 19. Influent and effluent particle settling rate distributions for settling basins of varying effectiveness
(AWWA 1971).

Quantity of material having settling velocity shown

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
to travel in agenera circular pattern around the pond, instead of directly flowing across the pond (and “ missing”
some edge areq) 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 removals have been compared to cal culated pond performance, using the DETPOND computer program (Pitt
and V oorhees 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 removals (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
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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.

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 10-4ft/sec. It would therefore require very large baseflows and very small ponds to 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).

Residencetimeis defined asthe 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 calculating 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 timeis usually not recommended.
Barfield (1986) states that residence (detention) time is not a good criteriafor pond performance, but the ratio of

peak discharge rate to pond surface area (the peak upflow velocity) isagood criteria of performance. The state of
Maryland uses a residence 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 rainsin 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
rainsis short, or the drain-down time of the pond is rapid.

Extended detention ponds may be a suitabl e retro-fitting alternative for existing dry detention ponds to achieve some
water quality benefits. 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 retro-fit 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
which has an infiltration trench along the dry pond invert.

Figure 20 can be used to estimate the residence time needed in an extended detention pond to achieve specific
particle size reduction goals. For asix feet deep pond, a detention time of about three hours would allow particles
greater than about ten 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 nm.
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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 adry 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.
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One must be careful not to use Figure 20 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 particles to remain in place, washing them
into the main body of the pond, or out the pond outlet.

The discussion on pond depth summari zes 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 arelationship 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 istherefore 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 wet detention ponds during storm events. The depth and
configuration design criteriaare very critical for the other pond uses (aquatic 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.

Particle Size

Knowing the settling velocity characteristics associated with stormwater particulates is necessary when designing
wet detention ponds. Particle size is directly related to settling velocity (using Stokes law, for example, and using
appropriate shape factors, specific gravity and viscosity values) and is usually used in the design of detention
facilities. Particle size can also be much more rapidly measured in the laboratory than settling velocities. Settling

tests for stormwater particulates need to be conducted for about three days in order to quantify the smallest particles
that are of interest in the design of wet detention ponds. If designing rapid treatment systems (such as grit chambers
or vortex separators for CSO treatment), then much more rapid settling tests can be conducted. Probably the earliest
description of conventional particle settling tests for stormwater samples was made by Whipple and Hunter (1981).

Whipple and Hunter (1981) contradict the assumption sometimes used in modeling detention pond performance that
pollutants generally settle out in proportion to their concentrations. However, Grizzard and Randall (1986) have
shown arelationship between particulate concentrations and particle size distributions. High particulate
concentrations were found to be associated with particle size distributions that had relatively high quantities of
larger particulates, in contrast to waters having low particulate concentrations. The high particul ate concentration
water would therefore have increased particulate removalsin detention ponds. This relationship is expected to be
applicable for pollutants found mostly in particulate forms (such as suspended solids and most heavy metals), but
the relationship between concentration and settling would be much poorer for pollutants that are mostly in soluble
forms (such asfilterable residue, chlorides and most nutrients). Therefore, the partitioning of specific pollutants
between the “ particulate” and “dissolved” forms, and eventually for different particulate size fractions, is needed.

10-59



Smith (1982) also states that settleability characteristics of the pollutants, especially their particle size distribution,

is needed before detention pond analyses can be made. Kamedulski and McCuen (1979) report that as the fraction
of larger particlesincrease, the fraction of the pollutant load that settles also increases. Randall, et al. (1982), in
settleability tests of urban runoff, found that non-filterable residue (suspended solids) behaves liked a mixture of
discrete and flocculant particles. The discrete particles settled out rapidly, while the flocculant particles were very
slow to settle out. Therefore, simple particle size information may not be sufficient when flocculant particles are also
present. Particle size analyses should include identification of the particle by microscopic examination to predict the

extent of potential flocculation.

Figure 21 shows approximate stormwater particle size distributions derived from several upper Midwest and Ontario
analyses, from all of the NURP data (Driscoll 1986), and for several eastern sites that reflect various residue
concentrations (Grizzard and Randall 1986). Pitt and McL ean (1986) microscopically measured the particlesin
selected stormwater samples collected during the Humber River Pilot Watershed Study in Toronto. The upper
Midwest data sources were two NURP projects: Terstriep, et al. (1982), in Champaign/Urbanallll. and Akeley

(1980) in Washtenaw County, Michigan.
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Figure 21. Particle size distributions for various stormwater sample groups.

Relatively few samples have been analyzed for stormwater particle sizes and no significant trends have been
identified relating the particle size distribution to land use or storm condition. However, the work by Grizzard and
Randall (1986) does indicate significantly different particle size distributions for stormwaters from the same site
having different suspended solids concentrations. The highest suspended solids concentrations were associated with
waters having relatively few small particles, while the low suspended solids concentration waters had few large
particles. The particle size distribution for the upper Midwest urban runoff samples falls between the medium and

high particul ate concentration particle size distributions.

For many urban runoff conditions, the median stormwater particle size is estimated to be about 30 nm, (which can
be much smaller than the median particle size of some source area particulates). Very few particles larger than 1000
mm are found in stormwater, but particles smaller than ten mm are expected to make up more than 20 percent of the

10-60



stormwater total residue weight. Similar observations of the predominance of very small particles have been made
in other urban runoff detention pond studies (Ferrara 1982).

Specific conditions (such as source areatype, rain conditions and upstream controls) have been shown to have
dramatic effects on particle size distributions. Randall, et al. (1982) monitored particle size distributionsin runoff
from a shopping mall that was cleaned daily by street cleaning. Their data (only collected during therising limb of
the hydrographs) showed that about 80 percent of the particles were smaller than 25 mm, in contrast to about 40
percent that were smaller than 25 mm during the outfall studies. They also only found about two percent of the
runoff particlesin sizes greater than 65 nm, while the outfall studies found about 35 percent of the particlesin sizes
greater than 65 mm. This shopping mall runoff would therefore be less effectively treated by wet detention facilities
because of the relatively smaller number of large particles present.

Limited datais also available concerning the particle size distribution of erosion runoff from construction sites.
Hittman (1976) reported erosion runoff having about 70 percent of the particles (by weight) in the clay fraction (less
than four mm), while the exposed soil being eroded only had about 15 to 25 percent of the particles (by weight) in
the clay fraction. When the available datais examined, it is apparent that many factors affect runoff particle sizes.
Rain characteristics, soil type, and on-site erosion controls are all important.

Tests have also been conducted to examine the routing of particles through the Monroe St. detention pond in
Madison, Wisconsin (Roger Bannerman, Wisconsin Department of Natural Resources, personal communication).
This detention pond serves an areathat is mostly comprised of medium residential, with some strip commercial
areas. Thisjoint project of the Wisconsin Department of Natural Resources and the U.S. Geological Survey has
obtained a number of inlet and outlet particle size distributions for awide variety of storms. The observed median
particle sizes ranged from about 2 to 26 mm, with an average of 9 nm. The following list shows the average particle
sizes corresponding to various distribution percentages for the Monroe St. outfall:

Percent larger Particle Size
than size (mm)
10% 450
25 97
50 9.1
75 23
0 08

These distributions included bedload material that was also sampled and analyzed during these tests. This
distribution is generally comparable to the“al NURP” particle size distribution presented previously. The critical
particle sizes corresponding to the 50 and 90 percent control values are as follows for the different data groups:

90 % 50%
Monroe St. 0.8 9.1mMm
All NURP 1 8
Midwest 32 34
Low solids conc. 14 44
Medium solids conc. 31 21
High solids conc. 8 66

The particle size distributions of stormwater at different locationsin an urban area greatly affect the ability of
different source areaand inlet controlsin reducing the discharge of stormwater pollutants. A series of recent U.S.
Environmental Protection Agency (USEPA) funded research projects has examined the sources and treatability of
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urban stormwater pollutants (Pitt, et al. 1995). Thisresearch has included particle size analyses of 121 stormwater

inlet samples from three states (southern New Jersey; Birmingham, Alabama; and at several citiesin Wisconsin) in
the U.S. that were not affected by stormwater controls. Particle sizes were measured using a Coulter Counter Multi-
Sizer Ile and verified with microscopic, sieve, and settling column tests. Figures 22 through 24 are grouped box and
whisker plots showing the particle sizes (innm) corresponding to the 10", 50" (median) and 90" percentiles of the
cumulative distributions. If 90 percent control of suspended solids (by mass) was desired, then the particles larger
than the 90™ percentile would have to be removed, for example. In all cases, the New Jersey samples had the
smallest particle sizes (even though they were collected using manual “dipper” samplers and not automatic samplers
that may missthe largest particles), followed by Wisconsin, and then Birmingham, Alabama, which had the largest
particles (which were collected using automatic samplers and had the largest rain intensities). The New Jersey
samples were obtained from gutter flowsin aresidentia neighborhood that was xeroscaped, the Wisconsin samples
were obtained from several source areas, including parking areas and gutter flows mostly from residential, but from
some commercia areas, and the Birmingham samples were collected from along-term parking area on the UAB
campus.
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Figure 22. Tenth percentile particle sizes for stormwater inlet flows (Pitt, et al. 1997).
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Figure 23. Fiftieth percentile particle sizes for stormwater inlet flows (Pitt, et al. 1997).
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Figure 24. Ninetieth percentile particle sizes for stormwater inlet flows (Pitt, et al. 1997).

The median particle sizes ranged from 0.6 to 38nm and averaged 14mm. The oo™ percentile sizes ranged from 0.5 to
11nm and averaged 3mm. These particle sizes are all substantially smaller than have been typically assumed for
stormwater. Stormwater particle size distributions typically do not include bed load components because automatic
sampler intakes are usually located above the bottom of the pipe where the bed load occurs. During the Monroe St.
(Madison, WI) detention pond monitoring, the USGS and WI DNR installed special bed load samplers that trapped
the bed load material for analysis. This additional bed load comprised about 10 percent of the annual total solids
loading. Thisisnot alarge fraction of the solids, but it represents the largest particle sizes flowing in the stormwater

10-63



and it can be easily trapped in most detention ponds or catchbasins. The bed load component in Madison was most
significant during the early spring rains when much of the traction control sand that could be removed by rains was
being washed from the streets.

Additional data obtained by Pitt, et al. (1997) for the USEPA described particle sizes from many different source
flowsin the Birmingham, Alabama, area. These data did not indicate any significant differencesin particle size
distributions for different source areas or land uses, except that the roof runoff had substantially smaller particle
sizes than the other areas sampled.

Particle Settling Velocities

The settling velocities of discrete particles are shown in Figure 25, based on Stoke’ sand Newton'’s settling
relationships. Probably more than 90% of all stormwater particulates arein the 1 to 100 nm range, corresponding to
laminar flow conditions, and appropriate for using Stoke’s law. Thisfigure also illustrates the effects of different
specific gravities on the settling rates. In most cases, stormwater particulates have specific gravitiesin the range of
1.5t0 2.5. This corresponds to arelatively narrow range of settling rates for a specific particle size. Particlesizeis
much easier to measure than settling rates and it is generally recommended to measure particle sizes using
automated particle sizing equipment (such as a Coulter Counter Multi-Sizer |1€) and to conduct periodic settling
column tests to determine the corresponding specific gravities. If the particle counting equipment is not available,
then small scale settling column tests (using 50 cm diameter Teflona columns about 0.7 m long) can be easily used.
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Figure 25. Type 1 (discrete) settling of spheres in water at 10° C (Reynolds 1982).

These settling velocities (or particle sizes) are used with the pond outflow rate to determine the required pond
surface area. Figure 26 shows the minimum pond surface area needed to capture particles of a specific size (and
larger) for different pond outflow rates.
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Figure 26. Minimum pond size (acres) needed for complete settling of specific sized particles at various pond
overflow rates.

Particle settling observationsin actual detention ponds have generally confirmed the ability of well designed and
operated detention pondsto capture the “design” particles. Gietz (1983) found that particles smaller than 20 nm
were predominate (comprised between 50 to 70 percent of the sediment) at the outlet end of a“long” monitored
pond, while they only made up about ten to 15 percent of the sediment at the inlet end. Particles between 20 and 40
mm were generally uniformly distributed throughout the pond length, and particles greater than 40 mm were only

found in the upper (inlet) areas of the pond. The smaller particles were also found to be resuspended during certain
events.

Pisano and Brombach (1996) recently summarized numerous solids settling curves for stormwater and CSO
samples. They are concerned that many of the samples analyzed for particle size are not representative of the true
particle size distribution in the sample. As an example, it iswell known that automatic samplers do not sample the
largest particles that are found in the bedload portion of the flows. Particles having settling velocitiesin the 1 to 15
cm/sec range are found in grit chambers and catchbasins, but are not seen in stormwater samples obtained by
automatic samplers, for example. It is recommended that bedload samplers be used to supplement automatic water
samplersin order to obtain more accurate particle size distributions (Burton and Pitt 2000). Selected US and
Canadian settling velocity data are shown in Table 7. The CSO particulates have much greater settling velocities
than the other samples, while the stormwater has the smallest settling velocities. The corresponding “ Stoke's”
particle sizes for the geometric means are about 100 mm for the CSOs, about 50 mm for the sanitary sewage, and
about 15 mm for the stormwater.
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Table 7. Settling Velocities for Wastewater, Stormwater, and CSO

Samples Geometric Means of Range of Medians of
Settling Velocities Settling Velocities
Observed (cm/sec) Observed (cm/sec)

CSO 0.22 0.01t0 5.5

dry weather wastewater (sanitary sewage) 0.045 0.030 to 0.066

stormwater 0.011 0.0015 to 0.15

Source: Pisano and Bromback (1996)

More than 13,000 CSO control tanks have been built in Germany using the ATV 128 rule (Pisano and Bromback
1996). Thisrule states that clarifier tanks (about 1/3 of these CSO tanks) areto retain all particleshaving settling
velocities greater than 10 m/hr (0.7 cm/sec), with agoal of capturing 80% of the settleable solids. Their recent
measurements of overflows from some of these tanks indicate that the 80% capture was average for these tanks and
that the ATV 128 rule appearsto be reasonable.

Pond Water Lossesand Liners

Evaporation and infiltration |osses can have very important aesthetic, recreation, and wildlife effects. In some cases,
the pond may totally dry-up if little supplemental inflows (baseflowsfrom the drainage area, groundwater
infiltration to the pond, or supplemental groundwater pumping to the pond) occur for ponds over highly permeable
soils, and/or if long dry periods occur between rains. Maryland does not allow wet detention ponds to be located in
areas of highly permeable NRCS hydrologic class A soils (those having saturated soil infiltration rates greater than
0.5 inches per hour) (Harrington 1986). Harrington also reports that Maryland requires pond sealing if underlying
soils have infiltration rates between 0.1 and 0.5 inches per hour (generally includes all class C and class B soils, and
even some class D soils). NRCS hydrologic soil typesin urban areas or for small areas should not be determined
using the soil maps for undisturbed areas alone. Typical soil disturbance in urban areas can greatly affect the
infiltration and percolation characteristics of native soils. In addition, it is common for excavation and fill processes
to expose acompletely different soil at asite.

As part of the Wisconsin Priority Watershed Program (Pitt 1986), a series of infiltration tests were conducted in the
city of Oconomowoc, Wisconsin. These tests were conducted to calibrate the Source Loading and Management
Model (SLAMM) (Pitt 1988) being used by the Wisconsin Department of Natural Resources. Oconomowoc is
characterized as having mostly sandy soils (NRCS hydrologic soil types A and B predominated before

development). Observed infiltration rates varied greatly, ranging from 0 to 25 inches per hour. The only relationship
found between the type of areatested and the infiltration rates was the amount of site disturbance (compacted). Even
though the soils were mostly sandy, high foot traffic areas (such as at schools and in many front lawns) had very low
infiltration rates. Many swale linings also had very low infiltration rates (many had 0 inches per hour), probably
because of construction techniques that used clayey soils as ditch linings or were clogged with fines from
construction erosion. These areas could not be considered as “ pervious’. It would be very misleading to assume that
they had similar infiltration rates as native A or B soils. In addition, many of the final infiltration rates observed

were substantially greater than theinitial infiltration rates, in contrast to typical infiltration rate theory. The median
infiltration rate for these “ sandy” soils was about 5 inches per hour, corresponding to rates for type A soils, but
many sandy soil areas tested had rates that were much less than this value (corresponding to class D soils).

It istherefore imperative that percolation and infiltration tests, along with soil surveys, be conducted at all potential
pond locations before final design. If the pond will be excavated, a percolation test should be used, while double
ring infiltration tests should be conducted for areas that will use the natural surface for the pond lining.

Figure 27 illustrates how much the pond surface elevation could decrease for various pond loss rates and dry
periods. The total pond loss rates include both infiltration losses through underlying soils plus evaporation. Table 8
presents approximate infiltration rates for different soil texture classes and NRCS hydrol ogic soil groups (from
Harrington 1986 and SCS 1986). If pan evaporation losses average about 30 inches per year (not unusual), it may
possibly reach as high as 0.03 inches per hour during the hottest summer afternoons. Only clay soils probably have
infiltration losses less than this evaporation loss rate.
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Table 8. Approximate Saturated Infiltration Rates for Different Soil Texture Classes

Saturated Soil Infiltration Rates

Soil Texture Class SCS Hydrologic (in/hr) (min/in)
Soil Group

Sand A 8 7.5
Loamy Sand A 25 24
Sandy Loam A 1 60
Loam B 0.5 120
Silt Loam B 0.3 200
Sandy Clay Loam C 0.2 300
Clay Loam D 0.1 600
Silty Clay Loam D 0.05 1200
Sandy Clay D 0.05 1200
Silty Clay D 0.04 1500
Clay D 0.02 3000

Source: Harrington 1986 and SCS 1986
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Figure 27. Pond water surface elevation drop (ft.) if no pond inflow during dry periods.

Figure 27 shows that unlined pondsin class A soils could lose about one foot of water elevation to infiltration during
atwo to eight hour runoff event and about ten feet of water surface elevation betweenthe three to five days between
events. Clearly, awet pond over class A soils, without aliner and/or supplemental inflow, would not remain wet for
long.

Figure 28 shows that atwo acre pond over class A soils (having athreeinch per hour infiltration rate) would need an
inflow of about five cfsin order to maintain a constant water surface elevation. A two acre pond may adequately
serve aresidential area of about 250 acres, or a shopping center of about 75 acres. This inflow requirement could
therefore vary from about 0.02 to 0.07 cfs per acre of watershed. Dry weather urban runoff baseflows may be less
than five percent of theinflow requirement (Pitt and McLean 1986). Therefore, in order to maintain a constant water
surface elevation for typical watershed and pond sizes, maximum infiltration rates from aresidential areawould

need to be less than about 0.15 inches per hour (aclass C soil), while a shopping center would require a maximum
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soil infiltration rate of about 0.04 inches per hour (aclass D soil). In most cases, pond percolation losses will
decrease with time as sediments accumul ate.

40 AN T % ™ N
M b N N
N “\ ] N N %
i— 1 = e = .\ -
40 \'\ \\ \\ \\ \.‘\
N Al ™ N
ia ! - - ’
10 oy R — s = = 2 \‘\ e —
> TR NN §
L O N I N
r’a : b {\\ — \\'\ ]
2 10 s L Z
© i |
o A \\ N p | % \\‘ %\
E \.\ \\ \/ék N
N s
g N N ay % ™R
BN AN Biiic 53 X~ ST
sg \\\ b, ' %\L \ k, \@\*\\\
E lﬂ . [~ \\'. \\
> \%’ I'N \.\ i A \\ | | N
q@ﬂi - j I " 2 \\ \\ \\}\ JI
7 \ 1 N N
= A ™ N
c | R % M N
o LD .

FoA

[43]

03 It i

o o
oopr -
pd
it
f /_/__-: 2

k]
(=]

foils > €—B sgils A sqils

[ soils -

T\mal Fond Losges {iL-dhn]

Figure 28. Dry pond inflopN(CFB) needed tg\(haintain congtant water surfacpEleyation.

I
Harri nggn](1986) has summarized different wet pond linings used in Maryland:
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Figure 28. Dry pond inflow (cfs) needed to maintain constant water surface elevation.
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Clay Blankets

Pond areas containing high percentages of coarse grained soils can be sealed by blanketing them with clay layers.
The best clay blanket would consist of amaterial containing 40 percent or more of clay, but no less than 20 percent.
The thickness of the blanket is afunction of the depth of water to be impounded. Use a minimum thickness of 12
inchesfor all depths of water up to ten feet. Increase this thickness by two inches for each foot of water over ten
feet.

Water proof Linings
Waterproof linings are another way of reducing excessive seepage. Polyethylene, vinyl, butyl-rubber membranes,
and asphalt-sealed fabric liners are being used because they virtually eliminate seepage if properly installed.

Thin films of these materials are structurally weak, but if not broken or punctured, they are almost completely
watertight. Black polyethylene films are less expensive and have better aging propertiesthan vinyl. Vinyl, on the
other hand, is more resistant to impact damage and is readily seamed and patched with a solvent cement.

All plastic membranes should have a cover of earth and gravel not less than six inches thick to protect against
punctures. The bottom three inches of cover should be no coarser than silty sand.”

Flow Rate Reductions In Water Quality Ponds

Most flood control ponds are dry ponds so the maximum storage volume is available to attenuate excess inflows. As
stated previously, dry ponds do not effectively retain sediment because of bottom scour of the deposited sediments.
A wet pond only slightly reduces peak flows during large stormsif substantial amounts of extra storage are not
provided above the permanent pond water surface elevation. Inflowing peak flows would be slightly moderated
because of back-water profile and surface wave effects providing some temporary additional storage volumes. Peak
flow rates from small storms can be substantially reduced with the freeboard storage normally provided in wet
detention ponds, however. If additional land area and pond depth is available, then wet ponds can be designed to
provide both significant flood control and water quality improvements. NRCS (SCS 1986) methods can

be used to estimate the additional storage volume above the permanent wet pond water surface to provide desired
flood control benefits. The use of multiple outlet devices can be effectively used to help provide these dual benefits.

McCuen (1980) has defined a peak flow reduction factor to describe the ability of a detention pond to reduce flow
rates. Thisfactor is:

PRF=1-Q,/Q;

where Q, isthe outflow rate from the pond, and Qj is the inflow rate to the pond. A 90% reduction in peak flow (say

form 10 cfsinflow to 1 cfs outflow) would therefore have a PRF of 0.9. This value approaches 1.0 for very large
flow reductions and 0.0 for very small flow changes.

Control of Pollutants Other Than Suspended Solids

Randall, et al. (1982), recognized the strong correl ation between pollutant removal effectivenessin wet detention
ponds and pollutant associations with suspended solids. High lead removals were related to lead's affinity for
suspended solids, while much smaller removals of BOD5 and phosphorus were usually obtained because of their
significant soluble fractions.

Wet detention ponds also are biological and chemical reactors. Changes in many pollutants can take place in the
water column or in the sediments of ponds. Dally, et al. (1983) monitored heavy metal forms in runoff entering and
leaving awet detention pond serving a bus maintenance area. They found that metal s entering the monitored pond
were generally in particulate (nonfilterable) forms and underwent transformationsinto filterable (smaller than 0.2

mm in size) forms. The observed total metal removals by the pond were generally favorable, but the filterable metal
outflows were much greater than the filterable metal inflows. This effect was most pronounced for cadmium and
lead. Very little changesin zinc were found, probably because most of the zinc entering the pond was already in
filterable forms. These metal transformations may be more pronounced in wet detention ponds that in natural waters
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because of potentially more favorable (for metal dissolution) pH and ORP conditionsin wet pond sediments. Other
studies have found similar transformations in the forms and availability of nutrientsin wet detention ponds, usually

depending on the extent of algal growth and algal removal operations.

The previously presented information can be used to estimate the design configuration of detention ponds based on
many site conditions and objectives, for suspended solids. Table 9 can be used to estimate the approximate controls
for other pollutants. These ratios of pollutant removalsto suspended solids removals are based on many field
observations (mostly from the NURP studies, EPA 1983) of detention pond performance and can vary significantly.
Three general groupings were identified: total lead and total copper were most efficiently removed, while organic
nitrogen was the least efficiently removed. M any of the nutrients showed “ negative” removals during monitoring,
possibly because of biological cycling of the nutrientsin the ponds. Wet detention ponds should not be expected to

provide significant removals of any pollutantsin “soluble” forms (associated with very small particles, colloids, or
truly dissolved).

Table 9. Approximate Control of Stormwater Pollutants in Wet Detention Ponds

Constituent Group Percentage Control as a
Fraction of Suspended Solids
Control

Lead and copper 0.75 to 1.00+

COD, BOD:s, soluble and total phosphorus, nitrates, and zinc 0.6

Organic nitrogen 0.4

Example: If 85% control of suspended solids, then:
Lead and copper: 0.75 to 1.0+ of 85% = 64 to 85+%

COD, etc.: 0.6 of 85% =51%
Organic nitrogen: 0.4 of 85% = 34%

The relationship between solids retention and pollution retention isimportant for wet detention ponds. Becker, et al.
(1995) used settling column tests to measure the settling characteristics of different pollutantsin sanitary sewage.
They found that the majority of the particulate fractions of COD, copper, TKN, and total phosphorus was associated
with particles having settling velocities of 0.04 to 0.9 cm/sec. Figure 29 is an example plot showing the relationship

of particulate COD and different settling velocity fractions.
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Figure 29. COD and particulate settling velocity (Butler, et al. 1993).

Vignoles and Herremans (1995) also examined the heavy metal associations with different particlessizesin
stormwater samples from Toulouse, France. They found that the vast majority of the heavy metal loadingsin
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stormwater were associated with particlesless than 10 nm in size, as shown on Table 10. They concluded that
stormwater control practices must be able to capture the very small particles.

Table 10. Percentages of Suspended Solids and Distribution of Heavy Metal Loadings Associated with
Various Stormwater Particulate Sizes (Toulouse, France) (Percentage associated with size class,
concentration in mg/kg).

>100 mm 50 to 100 nm 40 to 50 mm 32to 40 mm 20to 32 nm 10 to 20 nm <10 mm

Suspended 15% 11% 6% 9% 10% 14% 35%
solids

Cadmium 18 (13) 11 (11) 6 (11) 5 (6) 5 (5) 9 (6) 46 (14)
Cobalt 9 (18) 5(16) 4 (25) 6 (20) 6 (18) 10 (22) 60 (53)
Chromium 5 (21) 4 (25) 2 (26) 6 (50) 3(23) 9 (39) 71 (134)
Copper 7 (42) 8 (62) 3(57) 4 (46) 4 (42) 11 (81) 63 (171)
Manganese 8 (86) 4 (59) 3 (70) 3 (53) 4 (54) 7 (85) 71 (320)
Nickel 8 (31) 5(27) 4(31) 5(31) 5(27) 10 (39) 63 (99)
Lead 4 (104) 4 (129) 2 (181) 4 (163) 5 (158) 8 (247) 73 (822)
Zinc 5 (272) 6 (419) 3 (469) 5 (398) 5 (331) 16 (801) 60 (1,232)

Source: Vignoles and Herremans (1995)

Natural Bacterial Dieoff in Detention Ponds
Chick’slaw can be used to predict the dieoff of bacteria (Chick 1908). It isusually expressed as:

percent of bacteriaremaining = €<, therefore
the fraction of bacteriaremoved (intimet) = 1 - e

where K¢ isthe dieoff rate (units per day) and t isthe time (days). K¢ is 2.3 times larger than the commonly reported
K10 values. Since detention ponds can hold runoff water for a substantial period of time, significant bacteria
reductions may be possible because of natural dieoff. However, during most storms, most of the water passes
through the pond with little delay, and only relatively small portions of the annual discharges are actually held in the
pond during extended interevent periods.

The average detention time of alake is determined by dividing the lake volume by the average flow rate. Ina
stormwater detention pond, the flow rateis highly variable, being very high for short periods of time and very low

for relatively long interevent periods. It is not uncommon for most rainsto only last for several hours, while the
interevent durations may last for several days. Therefore, the detention timeis difficult to analyze. The overall
reductions in bacteria populations would therefore be dependent on the relative quantities of runoff that pass through
apond during an event (with arelatively short detention time) and the amount that would be stored before the next
event (with arelatively long detention time). DETPOND cal culates and tracks the pond “flushing ratio,” the storm
volume compared to the amount of water in the pond at the beginning of the event, and is useful for these
determinations.

The Long Island NURP project (Lawler, Matusky and Skelly Engineers, et al. 1982) investigated the dieoff of
bacteria in detention ponds. They summarizedin situ coliform bacteria dieoff rates from other |ocations and
measured dieoff ratesfor their local conditions. They summarized K 1 rates ranging from 0.18 to 11.4 per day
(corresponding to K rates of 0.41 to 26.2 per day). They concluded that coliform bacteria dieoff rates (K¢) of about
2.3 per day are reasonable for stormwater.

Figure 30 indicates the percentage dieoff of bacteria, based on differing K rate constants and detention times. This
figure indicates that coliform dieoff should be quite complete after about two days of detention (assuming atypical
Ke vaue of 2.3/day). However, most urban runoff receiving waters (including ponds) probably seldom experience
fecal coliform levelsless than several hundred counts per 100 mL, compared to discharge concentrations of several
thousand counts per 100 mL (EPA 1983). Thisindicates maximum reductions of about 90 percent, which is

certainly significant, but the resulting fecal coliform populations are still high compared to most water quality
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standards. Bacteria reductions of about 20 percent may also be expected during runoff events that may last several

hours. Sustained high fecal coliform populations may be caused by continued discharges of contaminated
baseflows into detention ponds (Pitt and McLean 1986). It is not unusual for baseflows to have fecal coliform levels
of several thousand counts per 100 mL (Fitt, et al. 1993).
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Figure 30. Chick’s law for bacterial dieoff.

Design Based on NURP Detention Pond Monitoring Results

Assummarized earlier, several NURP projectsinvestigated the performance of different types of detention ponds.
About 150 rain events were monitored at nine ponds located throughout the U.S. The EPA (1983) determined that
long-term detention pond performance could be estimated based on geographical location and the ratio of the pond
surface area to contributing source area.

Driscoll (1989; and EPA 1986) presented a basic methodology for the design and analysis of wet detention ponds.

A pond operates under dynamic conditions when the storage of the pond isincreasing with runoff entering the pond
and with the stage rising, and when the storage is decreasing when the pond stage is lowering. Quiescent settling
occurs during the dry period between storms when storage is constant and when the previous flows are trapped in
the pond, before they will be partially or completely displaced by the next storm. The relative importance of the two
settling periods depends on the size of the pond, the volume of each runoff event, and the inter-event time between
therains.
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Driscoll (1989) produced a summary curve, shown as Figure 31, that relateswet pond performance to the ratio of
the surface area of the pond to the drainage area, based on the numerous NURP wet detention pond observations.
The NURP ponds werein predominately residential areas and were drained with conventional curb and gutters. This

figure indicates that wet ponds from about 0.3 to 0.8 percent of the drainage area should produce about 90%
reductions in suspended solids. Southeastern ponds need to be larger than ponds in the Rocky Mountain region
because of the much greater amounts of rain and the increased size of the individual eventsin the southeast. Also,
wet ponds intending to remove 90% of the suspended solids need to be about twice as large as ponds with only a
75% suspended solids removal objective.
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Figure 31. Regional differences in detention pond performance (EPA 1983).

The NURP detention pond monitoring results mostly included residential areas and therefore could did not
effectively examine the effects of land use on pond performance. Hey and Schaefer (1983), during the West Chicago
NURP project in Glen Ellyn, lllinois, prepared Table 11 showing how land uses with large fractions of impervious
areas require about twice the pond surface area as suburban residential areas. These ratios are all substantially
greater than shown on Figure 31 to provide an extramargin of safety for a broader range of expected rain conditions.

Table 11. Area Required for Wet Detention Ponds for Different Land Uses

Land Use Percent Storage Needed Percent of Drainage Area
Impervious (inches) Needed for Detention
Storage’®
Parking Lot 100% 1.0 2.8%
Suburban and Commercial 25 0.6 1.7
Suburban 10 0.5 1.3
Undeveloped 0 0.4 1.1

! Assuming an average depth of three feet.
Source: Hey and Schaefer (1983)
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I mportance of Reservoir Routing

The discharged water from a detention pond is simply displaced pond water. In some cases, observed outlet water
characteristics during a specific storm cannot be related to the inlet water characteristics. If the stormis small, the
volume of water coming into the pond can be substantially less than the resident water in the pond. In these cases,
the outlet water ismostly “left-over” water from a previous event or from relatively low volume (but long duration)
baseflows that had previously entered the pond since the last storm. However, if the storm islarge, then the water
being discharged from the pond is mostly related to the specific event. Therefore, analyses of detention pond
behavior must consider the relative displacement of pond water. Long-term continuous analyses comparing many
adjacent storms resulting in seasonal inlet and outlet discharges of pollutants may be more appropriate than
monitoring simple paired samples.

The following discussion on routing includes afairly simple procedure to examine these pond water displacement
considerations and their effects on particulate trapping. The Source Loading and Management Model (SLAMM) and
the Detention Pond Analysis model (DETPOND) include a computerized version of the storage-indication method.

I ntroduction To Storage-I ndication Method

The pond routing cal culation procedure presented in the remainder of this section is based on the Natural Resources
Conservation Service Technical Release-20 (TR-20) procedures (SCS 1982), as presented by McCuen (1982). The
reservoir routing subroutine in TR-20 (RESVOR) is based on the storage equation:

| - O:E
DT

where | isthe pond inflow and O is the pond outflow. The difference between the inflow and outflow must be equal
to DSDT, the change in pond storage per unit of time. McCuen presents a series of equations and their solutions that
require the preparation of a*“storage-indication” curve to produce the pond outflow hydrograph. The storage-
indication curveisaplot of pond outflow (O) against the corresponding pond storage at that outflow (S) plus 1/2 of
the outflow times the time increment. When the pond outflow hydrograph is devel oped, the upflow velocity
procedure described earlier can be used to estimate pond pollutant removal and peak flow rate reduction
performance.

Outflow Rates From Discharge Control Devices

Thefirst step in using the storage-indication method is to determine the stage-discharge relationship for the pond
under study. This relationship (the rating curve) is the pond outflow rate (expressed in cubic feet per second, or cfs)
for different pond water surface elevations (expressed in feet). Figures 32 through 34 are approximate rating curves
for several common outlet control weir types for water surface elevation ranges up to six feet above the weir inverts.
Asan example, Figure 32 shows six separate curves for different lengths of rectangular weirs (from two to 18 feet
wide). At awater surface elevation of 2.5 feet above the bottom of the weir (stage), not the bottom of the pond, a
three foot wide rectangular weir would discharge about 34 cfs, while a 12 foot wide rectangular weir at this same
stage would discharge about 150 cfs. For most applications, other stage-discharge rating curves will need to be
developed and used, especially for commonly used broad crested weirs or culverts.
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Stage-Area and Storage-I ndication Curve Development

The relationship between the pond stage and the surface area for the pond under study is also needed in order to
calculate the storage volume available for specific pond stages. Figure 35 is an exampl e stage-area curve developed
from topographic maps of the Monroe Street detention pond in Madison, Wisconsin. The normal pond wet surfaceis
at 13 feet(arbitrary datum)and the emergency spillway islocated at 16 feet, for aresultant useable stage range of
three feet.

Diagram of Example Pond
with Two 90 Degree
V-Notch Weirs

[Pond Stage vs Surface Area & Storage
BS T T T T z 1 ] T a0a
= T i : r IS E===
a0 - = =t m
F I I{“ - i 1
S Y - = . - L -
g ' A £
e e 1)
e ! = S — Area oy @
n e o mmmmmmr e i : 100
E S .‘ . - { =« Storage
ED & T : = P ” - L . : § :
= 1 1 1 | 1
55 e 1 1 I o .
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Stage (ft) |
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Figure 35. Pond-stage surface area relationship for example problem.

Table 12 shows the cal culations used to produce the storage-indication figure (Figure 36) for the Monroe St. pond.

This example assumes some pond modifications: two 900 V-notch weirs, with a maximum stage range increased to
3.5 feet avail able before the emergency spillway is activated. The storage calculations assume an initial storage
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value of zero at the bottom of the V-notch weirs (13.0 feet). The time increment used in these calculationsis ten

minutes, or 600 seconds. The storage-indication curve shown as Figure 36 is therefore a plot of pond outflow (cfs)
verses pond storage plus 300 (1/2 of 600 seconds) times the outflow rate. The storage-indication figure must also
include the stage verses outflow and storage verses outflow curves (also from Table 12).

Table 12. Calculation of Storage-Indication Relationships for Example Pond and 1.5-Inch, 3-Hour Rain.

Datum Stage (H) Dischar%e Rate! (O) Surface Area Storage (S) S + % ODt
(ft) (ft'/sec) () (f) (see footnote 2)
0 0 59,100 0 0
0.1 0.016 59,800 5,980 5,985
0.2 0.09 60,500 12,100 12,130
0.3 0.25 61,250 18,375 18,450
0.4 0.51 61,850 24,740 24,890
0.5 0.88 62,520 31,260 31,520
0.6 1.4 63,300 37,980 38,400
0.7 2.1 64,200 44,940 45,570
0.8 2.9 65,000 52,000 52,870
0.9 3.8 65,800 59,200 60,340
1.0 5.0 66,767 66,770 68,270
12 7.9 68,300 82,000 84,370
1.5 14 71,000 107,000 111,200
1.8 22 73,500 130,000 136,600
2.0 28 75,148 150,300 158,700
25 49 79,400 200,000 214,700
3.0 78 83,928 251,800 275,200
35 115 87,500 306,300 340,800

! Using two 90° V-notch weirs:
Q = 2(2.5H*%)

25+%0ODt=S+ 0 (*2Dt)=S + 300 (O)
Dt =600 seconds
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Storage-I ndication Calculation Procedure

Table 13 shows the cal cul ations necessary to devel op the pond outflow hydrograph and the plot of particle removal,
for atriangular inflow hydrograph resulting from a 1.5 inch, 3 hour rain. Columns A through J of thistable (to
develop the outflow hydrograph and pond surface area) need to be calculated by rows (horizontally), while columns
K through O (to calculate the upflow velocity and associated particul ate removals) can be calculated vertically,
based on the previously calculated column values. It should be noted that columns C through F are offset between
the indicated time values and not for the specific times shown in column A. All of the starting values (time zero) in
columns B (the beginning inflow rate), G (the beginning outflow rate), H (the pond storage volume above the

normal wet pond water surface elevation), and | (the pond stage) are zero for this example.

Table 13a. Pond Performance Calculations for Example 1.5-Inch, 3-Hour Rain

A B C D E F G H I J
Time Inflow Average Average | Previous Previous Outflow | Storage | Pond Pond
(min) (cfs) inflow for | inflow storage storage ©) S) stage surface
increment | volume minus plus (cfs) (ft?) (ft) area
(avg. increment | incrementa (ft?)
inflow x al outflow | | outflow
time S-0.5(0)Dt | S+0.5(0)Dt
period)
0 0 0 0 0 59,000
4.5 2,700 0 2,700
10 9 0.01 3,000 0.1 60,000
13.5 8,100 2,997 11,100
20 18 0.09 12,100 0.2 60,400
22.5 13,500 12,073 25,600
30 27 0.51 24,740 0.4 62,000
315 18,900 24,590 43,490
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40 36 1.0 44,000 0.7 64,100
40.5 24,300 43,700 68,000

50 45 5.1 66,770 1.0 66,800
50.0 30,000 65,240 95,240

60 55 10 95,000 1.4 70,000
59.5 35,700 93,500 129,200

70 64 19 125,000 1.8 73,500
68.5 41,100 119,300 160,400

80 73 30 155,000 2.1 76,000
77.5 46,500 146,000 192,500

90 82 41 180,000 2.3 77,800
86.5 51,900 167,700 219,600

100 91 52 205,000 2.6 80,200
95.5 57,300 189,400 246,700

110 100 63 225,000 2.8 81,800
95.5 57,300 206,100 263,400

120 91 71 240,000 2.9 82,700
86.5 51,900 218,700 270,600

130 82 77 250,000 3.0 83,700
77.5 46,500 226,900 273,400

140 73 78 250,000 3.0 83,800
68.5 46,100 226,600 267,700

150 64 73 245,000 2.9 82,700
59.5 35,700 223,100 258,800

160 55 69 240,000 2.8 81,800
50.0 30,000 219,300 249,300

170 45 65 230,000 2.7 81,800
40.5 24,300 210,500 234,800

180 36 58 220,000 2.6 80,200
31.5 18,900 202,600 221,500

190 27 52 205,000 2.5 79,400
22.5 13,500 189,400 202,900

200 18 44 185,000 24 78,600
13.5 8,100 171,800 180,000

210 9 36 170,000 2.2 76,900
4.5 2,700 159,200 162,000

220 0 29 152,000 2.0 75,200
0 0 143,300 143,300

230 0 22 135,000 1.8 73,500
0 0 128,400 128,400

240 0 18 125,000 1.7 72,700
0 0 119,600 119,600

Table 13a. Pond Performance Calculations for Example 1.5-Inch, 3-Hour Rain (Continued).

A B C D E F G H | J
Time Inflow Average Average Previous Previous Outflow | Storage Pond Pond
(min) (cfs) inflow for inflow storage storage ©) (Sg stage surface

increment [ volume minus plus (cfs) (ft%) (ft) area
(avg. increment | incrementa (ft?)
inflow x | al outflow | outflow
time S-0.5(0)Dt | S+0.5(0)Dt
period)
250 0 16 115,000 1.6 71,900
0 0 110,200 110,200
260 0 13 105,000 1.5 71,000
0 0 101,100 101,100
270 0 11 100,000 1.4 70,000
0 0 96,700 96,700
280 0 10 95,000 1.3 69,200

10-82




0 0 92,000 92,000
290 0 9 90,000 1.3 69,200
0 0 87,300 87,300

300 0 8 85,000 1.2 68,500

Maximu Total = Max. =

m =100 660,000 78

cfs Total =

981

Table 13b. Particle Removal Performance Calculations for Example 1.5-inch, 3-hr Rain
A B G Outflow J K L M N O
Time Inflow (cfs) (O) Pond Upflow Critical Weighted Percent Weighted
(min.) (cfs) surface velocity particle particle suspended control
area (ft?) (ft/sec) size (mm) size solids (outflow x
(outflow x control control)
size)

0 0 0 59,000 0 - 0 100 0
10 9 0.01 60,000 1.7x10" 0.3 0.003 100 1
20 18 0.09 60,400 1.5x 10° 0.6 0.05 100 9
30 27 0.51 62,000 8.2x10° 1.3 0.66 99 50
40 36 1.0 64,000 1.6 x 10° 1.8 1.8 98 98
50 45 5.1 66,800 7.6x10° 3.8 19.4 91 464
60 55 10 70,000 1.4x 10" 5.1 51 88 880
70 64 19 73,500 2.6x10" 7 133 84 1,596
80 73 30 76,000 4.0x 10" 8 240 82 2,460
90 82 41 77,800 5.3x10™ 10 410 78 3,200
100 91 52 80,200 6.5x 10" 11 572 75 3,900
110 100 63 81,800 7.7x10” 12 756 73 4,600
120 91 71 82,700 8.6 x 10™ 12 852 73 5,180
130 82 77 83,700 9.2 x 10”7 13 1,000 71 5,470
140 73 78 83,800 9.3x10™ 13 1,010 71 5,540
150 64 73 82,700 8.8 x 10™ 13 949 71 5,180
160 55 69 81,800 8.4 x 10" 12 830 73 5,040
170 45 65 81,800 8.0 x10™ 12 780 73 4,750
180 36 58 80,200 7.2x 107 11 638 75 4,350
190 27 52 79,400 6.6 x 10™ 11 572 75 3,900
200 18 44 78,600 5.6 x 10™ 10 440 78 3,430
210 9 36 76,900 4.7x 10" 9 320 80 2,880
220 0 29 75,200 3.9x 10" 8 232 82 2,380
230 0 22 73,500 3.0x 10" 7.5 170 83 1,830
240 0 18 72,700 2.5x10™ 6.5 120 85 1,530
250 0 16 71,900 2.2x10" 6 96 86 1,380
260 0 13 71,000 1.8x10™ 6 78 86 1,120
270 0 11 70,000 1.6 x 10" 5.5 61 88 968
280 0 10 69,200 1.5x 10”7 5.3 53 88 880
290 0 9 69,200 1.3x 10" 5 45 89 800
300 0 8 68,500 1.2x 10" 4.7 38 89 710
Total = Total =
10,468 74,576

Peak reduction factor: PRF = 1- [(Qo max)/(Qimax)] = 1 — [(78)/(100)] = 0.22
Weighted average critical particle size =[total (outflow x size)]/[total (outflow)] = 10,468/981 = 10.7 nm

Weighted average suspended solids control =[total (outflow x control)]/[total (outflow)] = 74,576/981 = 76%

Column A shows the times at ten minute increments for five hours (300 minutes) since the start of the runoff.
Column B isthe pond inflow hydrograph (instantaneous flow rates at each time increment). The calculation of the
inflow hydrograph is shown on Table 14. Other events that will be considered in afuture example problem are also
described on thistable. The average inflow runoff rate can be estimated using one of the methods given in the earlier
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hydrology discussion. Table 14 shows how the example Monroe Street detention pond watershed is divided into
these three major land surfaces and how the average runoff rates are calcul ated for the storms under consideration.
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Table 14. Rain and Inlet Hydrograph Characteristics for Example

Average cfs/acre

Average cfs (for total area)*

Rain Rain Rain Return Imperv.  Pervious Imper.To Imperv. Pervious Imper. Total Total Runoff Peak 5-  Timeto Total storm
volume intensity  duration  frequency Pervious To avg. flow duration min. peak volume as a
(in.) (in/hr) (hrs) (years) Pervio flow volume (hrs) flow flow fraction of pond
us (cfs) (10t (cfs) (hrs) base storage®
0.1 0.03 3 <1 0.013 0.0001 0.006 0.8 0.01 0.4 12 16 3.6 24 1.8 0.1
0.5 0.17 3 <1 0.16 0.0035 0.08 10 0.4 3 13 180 3.6 26 1.8 1.0
0.9 18 0.5 1 18 0.06 0.45 113 8 28 150 320 0.6 300 0.3 18
11 11 1 1 1.0 0.045 0.5 63 6 32 100 430 1.2 200 0.6 24
13 0.7 2 1 0.7 0.03 0.35 44 4 22 70 610 24 140 1.2 34
15 0.5 3 1 0.5 0.025 0.25 32 3 16 50 640 3.6 100 1.8 3.6
1.7 0.3 6 1 0.3 0.015 0.15 19 2 9 30 780 7.2 60 3.6 43
2.0 0.2 12 1 0.2 0.012 0.10 13 2 6 20 1,100 14 40 7 6.1
23 0.1 24 1 0.1 0.006 0.05 6 1 3 10 1,100 29 20 145 6.1
5.5 0.23 24 100 0.23 0.05 0.12 14 6 8 28 2,900 29 56 145 16
Areas for different land cover types:
Impervious area: 63 acres
Pervious area: 126 acres
Impervious area draining to pervious area: 63 acres

Pond base storage (normally wet volume) is about 180,000 ft.
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Urban hydrographs can be represented with a simple triangular shape (as shown on Figure 37), with a peak runoff
rate equal to about twice the average runoff rate and with the runoff duration about 20 percent longer than therain
duration (Pitt and McLean 1986). This simplification is reasonable for most small to intermediate rains, especially
when the effects of arelatively large series of individual rains on a pond are to be evaluated statistically, instead of
describing the pond performance associated with asingle “design” storm. The peak flow rate in this example (1.5
inch, 3 hour rain) is therefore assumed to be about 100 cfs and occurs at 1.8 hours into the runoff period. Of course,
any hydrograph shape can be used in these calculations. Thistriangular shapeisused in SLAMM as asimplification
when evaluating very large numbers of storms. However, DETPOND is amore detailed detention pond program
that allows any runoff hydrograph to be evaluated (if manually entered). Pond leakage, groundwater intrusion,
evaporation, or any other additional water losses or inflows can be added or subtracted from the pond inflow
hydrograph, if desired, and are included in the computer programs.

Column C shows the average runoff rates (cfs) for the two adjacent time increments. Column D showsthe
incremental incoming runoff volume (cubic feet) for each time increment (average inflow runoff rate, from column

C, timesthe increment time, or 600 seconds). Column E shows the previous storage volume minus one-half of the
outflow rate times the time increment (one-half of the outflow volume). The first value shown in this column (for

the increment O to 10 minutes) is zero because the previous storage and outflow rate values (for time 0) are both 0: 0
- 1/2 (0) (600) = 0- 0= 0. The second value in column E (for the timeincrement 10 to 20 minutes) is: 3,000 - 1/2

(0.01) (600) = 3,000 - 3 =2,997. Before this second value in column E can be cal culated, the previous outflow rate
(O) and pond storage (S) values (for time 10 minutes) must be calcul ated.

Column F isthe Column E va ue plus the Column D value (increment inflow). The first value shown in Column Fis
therefore equal to the first value shown in Column D (2700 for this example). The second value in column F (for the
time increment 10 to 20 minutes) is 8,100 + 2,997 = 11,100.

Column G (pond outflow rate, O) and column H (pond storage, S) also start as 0 values at time 0. Later valuesin
these columns are obtained from the storage-indication curve, using the column F value for the previoustime
increment. The 2,700 valuein column F (representing S+ 1/2 (O) (dt)) isused in Figure 36 (or Table 12) to obtain a
corresponding pond outflow rate of about 0.01 cfs and a pond storage volume of about 3,000 cubic feet.

The stage valuesin column | are obtained from the stage-discharge curve (shown in tabular form on Table 12 for
this example), using the corresponding outflow rates from column G. The pond surface area values are obtained
from the stage-area curve (Figure 35), using the corresponding stage values from column 1.

The particle removal calculations are based on the previously described upflow velocity method, using the
“instantaneous’ pond surface areavalues (from column J) and outflow rate values (from column G). Column K
shows the upflow velocities (in feet per second) calculated by dividing the outflow rate values (column G) by the
corresponding pond surface area values (from column J). Column L shows the sizes of the critical particles (the
smallest particles that would settle below the bottom of the outfall structure and therefore be “retained”) and are
estimated from Figure 25 based on these upflow velocities. Column M shows the outflow rate weighting of these
particle sizes (critical particle size times the outflow rate). In this example, the "flow-weighted" critical particle size
isabout 11 mm.

Column N shows the estimated particul ate residue percentage removals, based on a particle size distribution from
Figure 36. Column O shows the flow-weighted cal cul ations. For this example, a particul ate residue reduction of
about 75 percent may be expected.

Theresults of these calculations can be effectively presented on several graphs. Figure 37 compares the inlet and
outlet hydrographs, Figure 38 shows the stage €l evations above the permanent pool and the upflow velocities, and
Figure 39 shows the critical particle sizes controlled and the estimated percentage control of particul ate residue for
this example.

10-86



120 1 - I' 11 :
" [ I .
' ’l\ Inflon rate
i
,f
it
- / n ]
rr 1
F 1 | 1 | ]
i / oo rste
- A :
Fi i kY LY
i V. h ™,
I,e’_ L f 5, b,
| 17 ;
*, L
4 A }J )
T
i Fi
0 i g , .
. ?‘t" ) ]
4 =] X B e 1
Fi |
o |
a 5 T 150 200 25 3 p
Time sines start of ranoff iminutes)
Figure 37. Inflow and outflow hydrographs for example problem.
34 = T I [ I "
. ! | { ! 1
s - = LF]
= T [
= | -~ 1 \_ = ‘Slage above pemmansnt poal
E 28 |—— TS | - |- - 10
1A T Y
= | . L Uplew _w
E I e, | Vinlock R }
. fi Pl N o ;
E 2 ! 1 T o
’ s
LN
; —
J Fi &
15
i / = _
i \ -
"\
E 1 5 ; \‘ 4
J i P -
i b
o8 F hl z
ra =
__j i / -l 4
Fd | | I
. - | - I p
o e 100 150 200 0 oo 350

Tirme sincs start of runof (minutes)
Figure 38. Stage and upflow velocity plots for example problem.

10-87



Emalest partoia
BZE " rarmornd”

2

g mats
suspended solids T |
oonkrod

=
-
E

-]
=

E

Approximabe Percentage Particilits Sobids Contro

Wnimum Parlich size controlied {microns)
|
T
|

(5]
=

150 200 250 i) 350
Tima sdnca siar af rumcedl {sinuins)

Figure 39. Particle sizes and percentage suspended solids removed for example problem.

Selecting Outflow Control Devices To Meet Water Quality Objectives

A simple analysis procedure can be used to guide the selection of an outflow control device for agiven stage-surface
arearelationship for apotential pond location and desired particle size control objective. The definition of upflow
velocity (outflow rate divided by surface area) allows the simple evaluation of detention pond performance for any
pond stage. Similarly, if the pond stage-surface arearelationship is known for a potential pond location, an outfall
device can be selected to obtain control of critical particle sizes.

Tables 15 through 18 provide a quick method of selecting appropriate outfall devices for a potential pond location.
These tabl es indicate the minimum amount of pond surface area needed at each stage to provide afive nm critical
control level for avariety of conventional outfall devices. Table 18 presents multipliers to adjust the minimum areas
for other critical particle sizes. In order to improve the pond performance by selecting atwo nm critical particle size
instead of five mm, the pond surface areawould have to be increased by about 6.7 times. If the critical particle size
was increased to ten mm, then the required pond surface would be reduced by about 0.27 compared to the pond
surface areas needed for five mm control.

Table 15. Surface Area Requirements for 5-mm Particle Size Control for Various V-notch Weirs.

Head (ft) Flow 22.5° Reqd. Flow 30° Reqd. Flow 45° Reqd.

(cfs) Storage area (cfs) Storage area (cfs) Storage area
(ac-ft) (acres) (ac-ft) (acres) (ac-ft) (acres)

0.5 0.1 <0.01 0.01 0.1 <0.01 0.02 0.2 <0.01 0.03

1 0.5 0.03 0.1 0.7 0.05 0.1 1.0 0.05 0.2

15 14 0.1 0.2 1.9 0.2 0.3 29 0.2 0.5

2 2.8 0.3 0.5 3.8 0.3 0.7 5.9 0.6 1.0

3 7.8 1.2 14 11 1.6 18 16 16 2.8

4 16 3.3 2.8 22 4.4 3.8 33 5.9 5.8

5 28 7.2 4.9 38 9.6 6.6 58 14 10

6 44 14 7.7 60 18 10 91 27 16
Flow 60° Reqd. Flow 90° Reqd. Flow 120° Reqd
(cfs) Storage area (cfs) Storage area (cfs) Storage area
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(ac-ft) (acres) (ac-ft) (acres) (ac-ft) (acres)
0.5 0.3 <0.01 0.05 0.4 0.02 0.08 0.8 0.04 0.1
1 1.4 0.07 0.3 25 0.2 0.4 4.4 0.3 0.8
15 4.0 0.3 0.7 6.9 0.6 1.2 12 1.7 2.1
2 8.2 0.8 1.4 14 1.5 25 25 3.3 4.4
3 28 35 39 39 6.2 6.8 69 12 12
4 46 9.5 8.1 80 17 14 140 30 25
5 81 21 14 140 36 25 250 69 43
6 130 39 22 220 67 39 390 120 68
Table 16. Surface Area Requirements for 5-mm Particle Size Control for Various Rectangular Weirs.
Head (ft) Flow 2 ft. Reqd. Flow S5ft. Reqd. Flow 10 ft. Reqd.
(cfs) Storage area (cfs) Storage area (cfs) Storage area
(ac-ft) (acres) (ac-ft) (acres) (ac-ft) (acres)
0.5 21 0.10 04 5.7 0.3 1.0 12 0.5 2.0
1 6 0.5 1.1 16 1.2 2.8 33 2.4 5.7
15 10 1.2 18 29 3.2 5.0 59 6.3 10
2 15 2.3 2.6 43 6.4 7.6 90 13 16
3 24 5.7 4.2 80 17 14 160 35 29
4 32 11 5.6 110 34 20 250 71 43
5 37 17 6.5 150 47 26 340 120 59
6 39 23 6.9 190 77 33 430 190 75
Flow 15 ft. Reqd. Flow 20 ft. Reqd. Flow 30 ft. Reqd.
(cfs) Storage area (cfs) Storage area (cfs) Storage area
(ac-ft) (acres) (ac-ft) (acres) (ac-ft) (acres)
0.5 17 0.8 3.0 23 1.0 4.1 35 1.5 6.1
1 49 3.7 8.6 66 5.1 12 99 7.3 17
15 90 9.9 16 120 13 21 180 20 32
2 140 20 24 190 27 32 280 40 49
3 250 54 44 340 72 59 510 110 89
4 380 110 66 510 150 89 780 220 140
5 520 190 91 710 250 120 1100 390 190
6 680 290 120 920 390 160 1400 610 250
Table 17. Surface Area Requirements for 5-mm Particle Size Control for Various Drop-tube Structures.
Head (ft) Flow 8" Reqd. Flow 127 Reqd. Flow 18" Reqd.
(cfs) Storage area (cfs) Storage area (cfs) Storage area
(ac-ft) (acres) (ac-ft) (acres) (ac-ft) (acres)
0.5 0.5 0.02 0.09 0.9 0.04 0.2 1.6 0.07 0.3
1 0.7 0.07 0.1 2.2 0.2 0.4 4.4 0.3 0.8
15 0.7 0.1 0.1 2.2 0.4 0.4 6.5 0.8 1.1
2 0.7 0.2 0.1 2.2 0.6 0.4 6.5 1.4 1.1
3 0.7 0.3 0.1 2.2 0.9 0.4 6.5 2.5 1.1
4 0.7 0.4 0.1 2.2 1.3 0.4 6.5 3.6 1.1
5 0.7 0.6 0.1 2.2 1.7 0.4 6.5 4.7 1.1
6 0.7 0.7 0.1 22 21 0.4 6.5 5.8 11
Flow 24" Reqd. Flow 30" Reqd. Flow 36" Reqd.
(cfs) Storage area (cfs) Storage area (cfs) Storage area
(ac-ft) (acres) (ac-ft) (acres) (ac-ft) (acres)
0.5 1.6 0.07 0.3 1.9 0.08 0.3 2.0 0.09 0.4
1 5.6 0.4 1.0 6.3 0.4 1.1 7.2 0.5 1.3
15 11 1.1 1.8 13 1.3 2.3 16 1.5 2.8
2 14 2.1 2.4 21 2.8 3.7 27 34 4.7
3 14 4.5 2.4 25 6.9 4.4 42 9.4 7.3
4 14 6.9 2.4 25 11 4.4 42 17 7.3
5 14 9.3 24 25 16 4.4 42 24 7.3
6 14 12 2.4 25 20 4.4 42 31 7.3
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Table 18. Corrections for Needed Surface Areas for Particle Size Controls other than 5nm.

Particle size for  Typical percentage of Particle settling rate Required area multiplier,

control (nm) particles larger than (cm/sec) compared to 5 mm
indicated size

1 100 15x 107 27

2 94 6 x 10 6.7

5 88 4x10° 1.0

10 78 1.5 x 10% 0.27

20 62 6x10? 0.067

40 47 2x10* 0.02

100 28 8x 10" 0.005

If asite had asurface area of 3 acres at two feet above the lowest invert level, anumber of outlet devices could be
used to provide at least five mm critical control:

- dl V-notch weirs from 22.59 through 90° (but not 1209)
- only a2 foot long rectangular weir
- al pipesfrom 8" to 24"

Obviously, al stage levels have to be examined and the most critical device selected that providesthe desired level
of control. In asimilar manner, it would be possible to specify the shape of a pond (area versus stage) to closely
match the natural topography with minimal required grading by selecting an outfall structure that provides close to
the required outfall rates.

Wet Pond Design Criteriafor Water Quality

A wet detention pond performance specification for water quality control needs to result in a consistent level of
protection for avariety of conditions, and to allow adeveloper alarge range of options to best fit the needs of the
site. It must also be easily evaluated by the reviewing agency and be capable of being integrated into the complete
stormwater management program for the watershed. It should have minimal effects on the hydraulic routing of
stormwater flows, unless awatershed-wide hydraulic analyses is available that specifies the specific hydraulic
effects needed at the specific location.

The following suggested specifications should meet these objectives under most conditions. However, the specific
pond sizes should be confirmed through continuous long-term simulations using many years of actual rainfall
records for the area of interest (such as possible by using DETPOND). These guidelines should therefore be
considered as a starting point and modified for specific local conditions. Asan example, it may be desirable to
provide less treatment than suggested by the following guidelines (Vignoles and Herremans 1996). The following
guidelines were developed by Pitt (1993a and 1993b), based on literature information and on his personal
experience.

1) The wet pond should have a minimum water surface area corresponding to land use, and desired pollutant control.
The following values were extrapol ated from extensive wet detention pond monitoring, mainly the EPA’s NURP
(EPA 1983) studies:

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 10

Industrial areas 20 0.8
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Commercid areas 17 0.6

Institutional areas 17 0.6
Residential areas 0.8 03
Open space areas 0.6 0.2
Construction sites 15 05

Two levels of control are shown, corresponding to the control of particles greater than 5 mm and 20 nm. For most
stormwater facilities, these would correspond to annual suspended solids controls of about 90 percent for the 5 mm
particle size, and about 65 percent for the 20 mm particle size. These values are based upon early work done by Gene
Driscoll for NURP (EPA 1983). During NURP, the use of stormwater detention pondsin residential areas was
investigated. Ponds having surface areas between 0.5 and 1 percent of the drainage areas were found to provide
about 90 percent control. Asthe runoff changes because of other land uses besides residential areas, the size of the
wet pond must correspondingly change. These values are based on expected runoff volumes for typical development
conditions and would therefore vary for different development practices (especialy if drained using grass swales, or
if have extensive infiltration practice).

2) The pond freeboard storage should be equal to the runoff associated with a1.25 inch rain for the land use and
development type. It should be noted that this storage volume is associated with the runoff volume from a specific
type of rain and not for a set runoff volume. This has the benefit of providing the same level of control for all land
uses. As an example, many ordinances require capture and treatment of thefirst 0.5 inch, or 1 inch, of runoff for an
area. Unfortunately, this has the effect of providing very uneven levels of control because of different rainfall-runoff
characteristics for different land uses. As an example, aresidential areamay require arain of about 1.50 inches to
produce 0.5 inches of runoff. However, acommercia area, such asastrip commercia development, would only
require arain of about 0.6 inchesto produce 0.5 inches of runoff. It is obvious that the residential areais providing
treatment for amuch more severe rain, with acorrespondingly greater level of annual control, compared to the
commercial area. By requiring a set amount of control associated with arain having the same re-occurrence interval,
amore consistent effort and benefit is obtained throughout the community.

The following table summarizes the approximate runoff depths associated with 1.25 inches of rain for several curb
and gutter drained land uses, based on Pitt’s (1987) small storm hydrology procedures:

Land Use Sandy Soil Clayey Saoil
Freeways 0.35 0.40
Totally paved area 11 11
Industrial 0.85 0.9
Commercial 0.75 0.85
Schools 0.2 0.4
Low density residential 0.1 0.3
Medium density residential 0.15 0.35
High density residential 0.2 0.4
Developed parks 0.5 0.6
Construction sites 0.5 0.6

Pitt (1987) found that currently used urban runoff volume prediction methods commonly result in inaccurate runoff
volumes for the common small storms that are most responsible for annual pollutant dischargesin urban areas. For
sandy soil areas, this table shows that the runoff volume associated with 1.25 inches of rain can vary from alow of
0.1 inch for low density residential areasto ahigh of 1.1 inch for totally paved areas, such as a parking lot. The
difference in runoff volumes for different land uses having sandy or clay soil conditions varies much more for land
uses having larger amounts of pervious surfaces. For areas having |ess amounts of pervious surfaces, the runoff
differences produced by similar land use areas for these different soil conditions variesless. If an areais drained
with grass swales, has an unusual amount of disconnected roofs, or has extensive upland infiltration controls, then
the runoff volume associated with a 1.25 inch rain would be much less than shown in the above table.

3) The selection of the outlet device for the wet detention pond. This outlet device must be sel ected based upon the

desired pollutant control at every specific pond stage in the wet detention pond. This specification regulates the
detention time periods and the “draining” period to produce consistent removalsfor al rains. Theratio of outlet flow
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rate to pond surface areafor each stage value needsto be at the most 0.00013 ft3 /sec/ft2 for 5 mm (about 90 percent

annual) control and 0.002 (ft3/sec/ft2) for 20 mm (about 65 percent annual) control. In practice, the desired pond
surface area to stage relationship (simply the “shape” of the hol€) is compared to the minimum surface areas heeded
at each stage for various candidate outlet structures. As an example, the following list summarizes the minimum
surface areas needed for 5 nm particle control for different stage values. Also shown are the freeboard storage
values below each elevation:

45° V-notch 90° V-notch 24" pipe
stage storage surface storage surface storage surface
feet acre-ft acres acre-ft acres acre-ft acres
05 <0.01 0.032 0.02 0.08 0.07 0.28
10 0.05 0.18 0.15 044 0.39 0.98
15 0.22 05 0.56 12 11 18
20 0.60 10 15 25 21 24
30 16 28 6.2 6.8 45 24
40 59 58 17 14 6.9 24
50 14 10 36 25 9.3 24
6.0 27 16 67 39 1 24

The large stages above the normal wet pond depth may result in unsafe conditions for most wet detention ponds. A
maximum depth of about 3 feet above the normal wet pond depth is recommended.

The selection of the outlet control device is based upon the concept of surface overflow rate. The surface overflow
rateis equivalent to the settling velocity of acritical particle size. Particles that have greater settling velocities than
the surface overflow rate will theoretically be retained in the detention pond. The surface overflow rateis defined as
the ratio between the instantaneous discharge and the pond surface area. The advantage of using surface overflow
rate as adesign criteriafor detention ponds arises from the fact that flows to a detention pond are very irregular.
Surface overflow rate is equivalent to the ratio of detention time to pond depth. Unfortunately, the use of detention
time alone, as commonly used in many ordinances and design guidelines, is not adequate to describe theoretical
settling. In addition, detention time is very difficult to define for a stormwater detention pond because of the highly
variable flow rates. However, the use of surface overflow rate workswell because the ratio of discharge to surface
areais known, or can be selected, for every pond stage. At any depth in adetention pond, the surface areais known,
based upon the shape of the pond. The selection of adischarge device is therefore made simple because it must
provide less than the critical discharge rate for each stage, and corresponding surface area.

Figure 40 is a schematic showing a cross section of the pond. The area below the invert of the major control device
isthe dead storage and is provided to minimize scour of the retained particulates. The water quality storage volume
in the detention pond is the volume associated with the runoff associated with a 1.25 inch rain. The topmost layer in
the detention pond is additional storage that is provided for drainage benefits. This storage would be provided (with
the appropriate additional outlet structure) only if a basin-wide hydraulic analyses has been conducted to insure that
inappropriate interferences of the different flood hydrographs would not occur. Also, it isimportant to note that an
emergency spillway must also be provided above the water quality storage area. Therefore, the additional storage for
drainage benefits as shown in this figure would at least be provided to cover the range of stage of the emergency

spillway.
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Figure 40. Cross-section of pond showing water quality storage portion

4) The ponds must also be constructed according to specific design guidelinesto insure the expected performance
and adequate safety. The guidelines need to specify such things as pond depth, side slopes, vegetation, and shape.

These procedures will result in the largest storms that do not enter the secondary spillway to have treatment levels
equal to the critical particle size specified. As an example, the above calculations focus on the 5 mm particle, at least,
being controlled at all stage depths of the primary outfall structuresin order to provide 90 percent annual control of
suspended solids. The outfall deviceis selected to provide an outfall rate no greater than a critical value, that when
divided by the pond surface area at that stage, will be no larger than the settling rate of the critical particlesize. In
amost all cases, the critical stage will be at the top of the primary outfall device, and all stages below that will more
than meet the critical objective, and will therefore be controlling particles much smaller than the critical size
specified in the objective. It may seem that the pond is therefore over-designed and that the pond is larger than
needed. However, the 5 mm critical particle sizeistypically substantially larger than the oot percentile particle size,
and the added control provided at the lower stagesin the pond is generally needed to provide thislevel of control on
an annual basis. Asindicated previously, the oot percentile particle sizeistypically only 3 mm, or smdller.

To check pond sizing criteria, asensitivity analysis can be conducted using DETPOND, with varying pond sizes.
DETPOND allows easy modifications of the pond surface areas by applying a multiplier to all surface areavalues.
The model can then be re-run for each condition (after modifying the outlet structure to provide the critical flow rate
at the pond stages). A typical set of plotsis shown as Figure 41lathrough 41h, for Austin, TX, and Minneapolis, MN
(prepared by John Easton, an UAB graduate student as part of a class project). These basic pond designs were based
on the design criteria presented earlier and evaluated for several decades of recorded rain events. The ponds were
then modified (making them smaller and larger than the basic design) to observe the effect on the overall
performance. Figures 41ato 41d indicate the effect of different surface areas on the critical particle size controlled

for commercial and residential areas for each of these cities. If the annual average control objective was 5 mm
(indicated by the solid line), then the pond can be substantially smaller than if 5 nm was the worst-case control
objective. The basic commercial pondsin both cities were sized to be 1.7 surface acres per 100 acres of drainage
area (1.7% of the contributing areas), while the medium density residential area basic ponds were sized to be about
0.8 surface acres per 100 acres of drainage area (0.8% of the contributing areas). These plots show that all particles
smaller than 5 mm particles would be controlled at these pond sizesin both citiesfor all rain events. However, the
annual average removal rates would be much better for these sized ponds (about 1 to 3 mm for these examples). This
results in suspended solids controls of about 90%. The oot percentile particle size (by weight) in stormwater was
previously shown to be from about 0.8 to 8 mm, but moretypically it isin the narrow range of about 2 or 3 mm. If

the average control objective was for 5 mm particles and larger, then the ponds could be substantially smaller, but
the suspended solids removal s would then be much worse. An average control objective (instead of aworst-case
control objective) of 5 mMm would likely only provide about 50 to 75% suspended solids control.
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Figures 41e to 41h show the number of events per year that would likely enter the secondary spillway (exceeding the
storage capacity of the pond, based solely onthe “water quality volume” of the pond). A reasonable goal for the use
of the secondary spillway would be about twice ayear. In these cases, the pondsin Austin exceed the base storage
capacity much more frequently than the Minneapolis ponds for under-sized ponds, likely due to the differencesin
the specific rain characteristics at the two cities.
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Figure 41a. Austin, TX, commercial site sensitivity analysis based on surface area of pond.
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Figure 41g. Austin, TX, medium density residential area sensitivity analysis indicating number of spillway
events per year.
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Figure 41h. Minneapolis, MN, medium density residential area sensitivity analysis indicating number of
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The Use of the DETPOND Program to Statistically Evaluate Wet Pond Performance
DETPOND was devel oped by Bob Pitt and John V oorhees to enable a continuous simulation of wet stormwater
detention ponds. This continuous simulation isimportant to understand the storm to storm variation and long-term
performance for typical rain conditions. The basic analysis proceduresin DETPOND are similar to the detention
pond analysis procedures provided in SLAMM, the Source L oading and Management Model, but offers some
additional model output choices to enable more detailed evaluations of individual detention facilities. Appendix A is
auser’sguide for DETPOND which also includes a simple design example. Additional assistanceis provided in the
Help components of the model.

DETPOND uses conventional proceduresto predict hydraulic conditions (pond storage-indication routing) and the
behavior of particulatesin stormwater asit passes through a detention pond (surface overflow rates described by the
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Hazen equation and quiescent settling using Stoke’ s and Newton' s laws), as described in previous discussions.
DETPOND was specifically designed for continuous long-term evaluations, using lengthy rain series. In its current
Windows configuration, it is limited only by computer resources(and available time) in the number of rainsthat it
can evaluate. It isalso currently quite fast, requiring only afew minutes on most computers to complete asingle run
using several decades of rainfall data. Whereas most computer-based pond models require time increment direction
from the user and frequently crash due to unstable algorithms, DETPOND predicts reasonable cal cul ation
increments based on the duration of each rain and interevent period. If the calculation appearsto approach unstable
conditions, it automatically starts over with areduced calculation increment. In addition, if the pond design istoo
small or if the outfall isinadequate, causing catastrophic overflow conditions, the program doesn’t crash, but
continues using the last known outfall or surface area value, and notes that the pond overflowed. The tabular output
of the model can also be easily imported into spreadsheets and graphing programs to produce statistical summaries
of the pond performance.

DETPOND can therefore be easily used to evaluate an existing design or pond under awide variety of rain
conditions. It can be used with a single event (most commonly used when observed influent hydrograph datais
available) or with alengthy rain series (when the program predicts runoff and hydrograph characteristics).

Example Pond Performance Using Suggested Design Specificationsand DETPOND

An evaluation of the performance of a pond was conducted using the above specifications for a wide range of
Birmingham, Alabama, rains. Thisexample illustrates how the pond performed for these varying conditions. The
following list shows the pond dimensions used:

- 100 acre medium density residential areawatershed

- 0.8 acre (35,850) pond (0.8 percent of 100 acresto result in a5 mm, or 95 percent control of suspended solids).
- 5 feet wet pond depth during dry weather (to minimize scour and to provide sacrificial storage for sediments
between pond dredging). Thisresultsin a storage volume of about 175,000 cubic feet below the invert.

- 0.5inch of runoff freeboard storage, corresponding to 1.25 inch of rain.

- pond surface area and stage relationship, above the normal pond elevation:

stage surface area
(ft) (ft?)

0 35,850

08 50,600

16 65,340

24 81,680

32 98,010

- 90° V-notch weir from 0 to 3.2 feet of stage (above normal wet pond depth), and a 20 foot long emergency
spillway from 1.6 to 3.2 feet of stage.

DETPOND was used to investigate the performance of this pond for many local rains. Analyses showed that the
pond stage barely reached the emergency spillway and the hydraulic effects of the pond were not significant for a
typical Birmingham design storm (4.1 inch rain). The peak runoff flow rate for this event was not changed, and the
assumed triangular inlet hydrograph shape changed very little (Figure 42). However, the pond had significant
suspended solids reductions (Figure 43), even for this moderately large rain. The flow-weighted average
performance of the pond was better than 90 percent removal of suspended solids, and the worst performance,
occurring at peak flow rates, was only reduced to about 85 percent. The pond could have been designed to also
provide appreciable peak runoff flow rate reductions, but that was not desired due to the lack of abasin-wide
hydraulic analysis. Peak flow rate reductions in detention ponds are only obtained through extending the period of
flow. If not carefully done, this extended flow period can easily increase downstream peak flow rates to greater
values than if no detention was used.
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Figure 42. Modeled detention pond outflow hydrograph for 4.1 inch, 24-hour rain example.
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Figure 43. Modeled detention pond suspended solids removal performance for 4.1 inch, 24-hour rain
example.

Pond performance was also modeled for many typical rain conditions (the 112 rains occurring during the 1975
Birmingham rain year) and for all major storms having 1 to 100-year frequencies and 1 to 24 hour durations. The

pond achieved suspended solids reductions of greater than 86 percent for al typical events and achieved greater than
65 percent removals of suspended solids, even for the extremely intense 1 hour, 100-year event. Many of the
drainage and flooding design storms had suspended solids removal rates of greater than 80 percent.

Fgure 44 shows that the particle size control levels were closely related to rain intensity for the large storms, but
were better related to rain depth for the typical rains. Thetypical rainsall had similar rain intensities, narrowing the
data scatter. Only two of the 112 stormsin the 1975 rain year failed the 5 mm design criterion, and only by small
amounts. The smaller rains all have much better removals than the 5 mm criterion. The median performance of the
pond was greater than 95 percent control of suspended solids. Even for the extreme events, the detention pond
should provide greater than a 65 percent control of suspended solids. Analyzing the extreme drainage and flooding
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rainsis needed to check the adequacy of the emergency spillway. As noted, the initial designs for spillway capacity

can be made using the procedures given in TR55 (SCS 1986).

Detention Pond Performance
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Figure 44. DETPOND modeled particle size removals by standard pond for various rain depths and
intensities.

Figure 45 contains plots of the flushing ratios for the different rains. The flushing ratio is the ratio of the storm

runoff volume to the pond storage volume below the lowest invert. A low flushing ratio indicates that much of the
effluent from the pond is from the preceding dry period, while ahigh flushing ratio indicates that the pond may have
been “blown out” during the event. Rain depth is the best indicator of flushing. Rains of about 1.5 inch in depth had
runoff volumes about equal to the dry period storage volume. It isimportant to know the flushing ratio for a pond
that is being monitored in order to understand the mixture of waters captured at the pond discharge. Consistently
having low flushing ratios during most storms may indicate an over-sized pond, with unnecessary warming of the
pond waters.
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Figure 45. DETPOND modeled peak reduction factors by standard pond for various rain depths and
intensities.

Figure 46 illustrates the rel ationships of maximum pond stage with rain. Like particle control, rain intensity was
most important for larger rains, but rain depth was the better indicator of maximum stage attained during typical
rans.
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Figure 46. DETPOND modeled maximum stage of standard pond for various rain depths and intensities.

Figure 47 shows plots of the peak reduction factors (PRF) for the pond. Peak reduction factor is ameasure of the
peak flow rate reduction, comparing the effluent to influent peak flow rates. A PRF value of 0.5 indicates a 50
percent flow rate reduction, while a PRF of 0.9 indicates a 90 percent reduction in flow rates. PRF values are usually
of most concern during major storms. These values were quite low during these events. The most intense rains only
achieved PRF values of about 0.3. Water quality ponds should have minimal effects on flow rate, unless actual flow
rate reduction objectives are available, based on basin-wide hydraulic analyses.
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Figure 47. DETPOND modeled flushing rations of standard pond for various rain depths and intensities.

DETPOND Verification using Data Collected at the Monroe St. Detention Pond, M adison,
wi

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 removals have been
compared to calculated pond performance, using DETPOND.

The original pond was creating severe downstream erosion in the channel s between the pond and the receiving
water, and the pond storage volume was not effectively being used for either flood control or water quality benefits.
The outlets were modified and the pond has undergone extensive monitoring to confirm the water quality benefits of
the retrofit.

The US Geological Survey (USGS), in cooperation with the Wisconsin Department of Natural Resources (WDNR)
investigated the Monroe St. wet detention pond located in Madison, WI (Houseg, et al. 1993). The University of
Wisconsin Arboretum originally constructed the pond to protect the water quality and ecology of Lake Wingraand
surrounding wetlands from stormwater. Figure 48 shows the location of the pond and the watershed. The pond is
located on the downstream side of Monroe street at the outlet of a storm sewer that drains a 0.96-square km (237
acre) urbanized area. Land use in the watershed area consists mostly of single-family residences and commercial
strip development, with some institutional uses (schools and churches). The average basin slopeis 2.2 percent.
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Figure 48. Monroe St. watershed area, Madison, WI.

The Monroe Street pond has a surface area of 5,670 n* (1.42 Acre), amaximum depth of 2.3 m (7.5 ft) and an
average depth of 1.1 m (3.6 ft) at normal pool elevation. The shape of the pond is basically round to oval with a
small island. Theinlet sideis nearest to Monroe Street and the two outlets are on the far side away from Monroe
Street. Figure 49 shown the bottom contours of the pond. The pond has a surcharge storage volume above the
normal pool elevation that is capable of holding the 10-year, 24-hour storm-runoff volume without overtopping the
containment berm around the pond. Figure 50 is the pond stage-surface area curve. The pond has two outlets, each
controlled by 90-degree V-notch weirs that drain to channelsleading to Lake Wingra. The weirs are located in 8 ft.
diameter concrete vaults, with 30 in. concrete pipes |eading to the pond. The outletsin the pond are therefore
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Theinitial primary outlet configuration consisted of two 8 ft. long rectangular weirslocated in the vaults, made with
concrete block walls. The original flow capacity of these two weirs was enormous, being about 50 cfs at 1 ft. head
and 250 cfs at 3 ft. head. As noted above, the discharges from the pond were little attenuated from the inflow
velocities and severe channel erosion was occurring in the wetlands, negating the sediment trapping benefits of the
pond. There was also no evidence that the emergency spillway was ever used since construction, even with several
massive storms. In fact, the pond elevation barely fluctuated.

The outlets were therefore modified to reduce the downstream erosion problems by removing several courses of
concrete blocks and installing 90-degree V-notch weirs made of plate steel in each vault. The pond normal water
level was dropped about 6 inches with alowered invert. The new primary outlets have total flow capacities of about
5cfsat 1ft. head and 80 cfs at 3 ft. head. The pond surface fluctuates more now, and the emergency spillway has
been active every few years. Most significantly, the downstream channels are now stable.

The pond was designed for an expected 90% event mean concentration (EMC) removal for suspended solids
(particulate residue). The ratio of pond to drainage areais 0.6 percent. This percentage is close to the value (0.4% to
0.8%) required for 5 mm control for the land uses in the watershed, which generally corresponds to a 90 percent
reduction of suspended solids.

A total of 64 events were extensively monitored between February 1987 and April 1988. The monitored rains varied
from 2 to more than 82 mm during this period. Periodic water quality and flow monitoring has also continued at this
pond since 1988.

Method of I nvestigation

Water-quality datawere collected by the U.S. Geological Survey (House, et al. 1993) using programmable
automatic water samplers (refrigerated), installed at the inflow and outflow sites of the pond. The outflow data was
collected at two locations, east and west. The samplers were programmed to obtain flow-proportional samples for
each storm. These samples represent the flow-averaged constituent concentrations during a runoff event. These
samples were removed from the samplers, preserved, and shipped to the Denver USGS laboratory for analysis
within 24 hours of being collected. The samples were analyzed for suspended solids, volatile total solids, total and
dissolved chemical oxygen demand (COD), total chloride, total and dissolved phosphorus, phosphate total and
dissolved forms of total Kjeldahl nitrogen (TKN), nitrates, and total and dissolved forms of copper, zinc, and lead.
Most of the copper and lead data were too low for the analytical method used and are not reported here.

Precipitation data were al so recorded at 5-minute intervals during the storm events using arecording rain gage
located at the pond site. Storm runoff (pond inflow) was monitored at the box culvert that was the terminus of the
0.96-kn? drainage area. Discharge rates and flow volumes passing through the culvert were determined by use of a
flow velocity sensor and water level indicator installed inside the culvert. The velocity and depth sensors were
connected to adatalogger that recorded the water level and velocity data and computed discharge rates based on the
culvert geometry.

Data Analysis and Observations

The pond inlet and outlet pollutant concentrations were analyzed to determine the pollutant reduction within the
pond. Statistical analyses were used to investigate various relationship between inlet and outlet concentrations.
Statistical analysis were also used to describe particul ate pollutant strengths and percent controls. Each statistical
process are described in the following paragraphs. The basic date are contained in the USGS report. (House, et al.
1993).

Hydrograph/Flow Calibration

Animportant part of the Monroe St. project was validating the DETPOND wet detention pond water quality model
that was used to design the retrofit of the outlet structures (Pitt and VV oorhees 1995). Thefirst step in the validation
was to check flow volumes and peak flow rates, and the complete hydrographs.

Fifteen storm events were used to validate the flow portions of the DETPOND program. The program predicted
outflow flow values from the inflow hydrographs using the storage-indication routing method. The outfall

10-107



predictions (at 5 minute intervals) were compared to the observed outfall flow values. The predicted outflow
hydrographs very closely matched the corresponding observed outflow hydrographs. In addition to comparing the
general shape of the discharge hydrographs, the outflow total discharge volume, peak discharge flow rate, suspended
solids removal, and outflow particle size distribution were also compared for validation. The predicted outflow
volumes and peak discharges also very closely matched the observed outflow conditions. These comparisons are
summarized on Figure 52 which compare the predicted and observed outflow volumes and the outflow peak flow
rates. Figure 53 contains 12 of the actual outflow hydrographs, illustrating the close fits between the observed and
modeled flows for highly different rain conditions.
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Figure 52. Predicted and observed flow volumes and peak flow rates.
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Figure 53. Predicted and observed hydrographs.

Observed I nfluent and Effluent Pollutant Concentrations. Table 19 lists the influent and effluent conditions
observed at the pond. The number of observations, and the mean, maximum, and average concentrations are shown.
The standard deviation and coefficient of variation, plus the Mann Whitney a values (indicating if the influent and
effluent values are statistically significantly different) are also summarized.

Table 19. Summary of Observed Influent and Effluent Pollutant Concentrations at Monroe St. Pond

The coefficient of variation (COV) is calculated by dividing the standard deviation by the mean. COV basicaly
normalizes the standard deviation A high value indicates that the data spread is wide, requiring many data
observations to obtain a precise estimate of the event mean concentration (EMC). Conversely, asmall COV vaue
indicates that most of the datafall close to the mean and the sampling requirements are smaller for the same
confidence. COV varied from 3.58 for inlet chloridesto 0.06 for outlet filtered lead. Chloridestend to have awide
concentration variation, likely due to seasonal variations. Filtered lead COV values are low, as shown on the steep
probability plots, indicating very little concentrations variations for all samples.

The Mann-Whitney test is a non-parametric analysis comparing two sets of data. The null hypothesis used in the

Mann-Whitney isinlet pollutant concentration minus outlet pollutant concentration equals zero. Generally, ana
value < 0.05 indicates that the sampl e sets are from two different populations (significantly different at the 95%
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confidence level). The following constituents had significant a valuesindicating that the concentrations were
significantly affected by the pond:

Total solids
Suspended solids
Volatile solids
Chlorides

COD (al forms)
Phosphorus (all forms)
Phosphate

TKN (total and particulate)
Nitrate

Copper (filtered)

Zinc (al forms)

Probability plot of pond inlet and outlet pollutant concentrations are shown on Figure 54. Each constituent was
found to be linearly distributed when plotted on log-normal plots. In most cases (except for TDS, chlorides, and
filtered zinc), theinlet data values are plotted at higher values than the outlet data, indicating pollutant reductionsin
the pond.
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Figure 54. Probability plots of influent and effluent pollutant concentrations.

Particulate Pollutant Strength. Particulate pollutant strength (PPS) is the ratio of a particulate pollutant
concentration to the suspended solid concentration, expressed in mg/kg. PPS was cal culated for each pollutant with
aparticulate form and plotted on aprobability versus strength chart (Figure 55). All pollutants had higher outlet than
inlet PPS values due to preferential removals of large particlesin the detention pond, leaving relatively more small
particlesin the discharge water. The small particlesin stormwater have greater PPS values than the large particles.
Wide differences indicates that the predominant components of the contaminant (such asfor TKN and phosphorus)
are associated with the fines that are not removed in the pond.
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Figure 55. Particulate pollutant strengths.

Control of Pollutants. The reduction of pollutants was calculated from the difference in pollutant concentrationsin
theinlet and outlet water for each event, as shown on Table 20. As expected, control was higher for all particulate
forms of the constituents than for filtered forms. Filtered constituents (<0.45 nm) behave as very small particles and
will tend to be transported through the wet detention pond relatively unchanged.
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Table 20. Summary Table of Pollutant Control*

10% 50% 90%
Suspended solids 35 87 97
Total Residue <0 52 86
Volatile Residue <0 41 76
Filtered Residue <0 <0 56
Particulate COD 15 80 95
Total COD 29 60 84
Filtered COD <0 24 80
Particulate Phosphorus -20 60 80
Total Phosphorus <0 47 81
Filtered Phosphorus <0 43 83
Particulate TKN -40 40 80
Total TKN <0 45 75
Filtered TKN <0 12 68
Particulate Zinc - 117 70 95
Total Zinc <0 31 69
Filtered Zinc <0 <0 59

*Copper and Lead observations were mostly below the detection limits and are therefore not shown.

Particle Size Distributions and Short-Circuiting

Seven events were studied to find the short-circuiting “n” factors using observed and predicted particle size
distributionsin effluent water. Particle size distributions were measured using the Sedigraph method at the USGS
Denver laboratory. Thistechnique measures settling rates of different size suspended solid particul ates down to 2
mm. The value of niscalculated using the concentrations of large particlesthat are found in the effluent. In ideal
settling, no particles greater than the theoretical critical size (about 5 mm for Monroe St.) should appear in the
effluent. However, thereis always a small number of these larger particles. It is generally assumed that short-
circuiting is responsible for these large particles. The measured values for n were one, or less, indicating ahigh
degree of short-circuiting in the pond. However, these observations were possibly affected by scour of bottom
deposits near the subsurface effluent pipes. The maximum effect of short-circuiting on pond performanceis shown
in the following table, showing the average reduction in suspended solids removals for different n values, compared
to the best performance (n value equal to 8):

nvaue % SSremoval reductionin % SS
(average) removal compared to n=8

8 85

3 &4 1

1 80.7 43

05 785 6.5

0.2 59 26

The calculated values of n (based on matching measured effluent particle size distributions with distributions
calculated using different values of n) ranged from about 0.2 to 1, indicating “very poor performance”, or worse.

The median value of n observed was about 0.35, indicating a degradation in annual average suspended solids capture
efficiency of no more than about 10 percent. The effects of this short-circuiting, even with the extremely low values
of nfor Monroe St., only hasaminimal effect on the suspended solids percentage removals. The Monroe St. pond
provided an average suspended solids reduction of 87%, compared to the design goal of 90%. These values are quite
close and the short-circuiting has a negligible effect on actual performance, asthe pond surfaceisrelatively large
(0.6% of the drainage area) and the outlets were efficiently modified during the retrofitting activities.
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Although the pond is producing very good suspended solids removals as designed, 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.

Figure 56 shows the particle size distribution for the inflow events, including bedload. The median size is about 8
mm, but it ranges from about 2 to 30 mm. About 10% of the particles may be larger than 400 nm. The largest particle
size observed was larger than 2 mm. The bedload added about 10% of the mass of these particulates and was
associated with the largest sizes. The settling velocities of discrete particles can be predicted using Stoke’'s and
Newton'’s settling equations. Probably more than 90% of all stormwater particulates (by volume and mass) are in the
1to 100 mm range, corresponding to Laminar flow conditions. In most cases, stormwater particulates have specific
gravitiesin the range of 1.5 to 2.5 (determined by conducting settling column, sieving, and microscopic evaluations
of the samples, in addition to particle counting), corresponding to arelatively narrow range of settling ratesfor a
specific particle size.
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Figure 56. Inlet particle size distributions observed at the Monroe St. wet detention pond.

Monroe St. Pond Verification Conclusions

DETPOND successfully predicted the hydraulic, water quality, and particle size control at the Monroe St. detention
pond in Madison, WI. In addition, DETPOND was successfully used to modify the outlet structure at the pond to
enhance the pond’ s performance. The retro-fitting of the Monroe St. wet detention pond was very successful.
Changing the outlet structures from large rectangular weirsto v-notch weirs significantly reduced effluent flows and
reduced downstream channel erosion. The modification also improved the water quality benefits of the pond.

All constituents had outflow concentrations lower than associated inlet concentrations, except for chlorides, TDS,
and filtered zinc. Suspended solids had a median removal of 87%, the median particulate COD removal was 60%,
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the median removal for total forms of the nutrients (TKN and phosphorus) were 40 to 45% and the median removal
for total zinc was 30%. (The median particulate zinc removal was 70%). A well designed wet detention pond will
remove 70 to 90% of suspended solids, 70% of COD, 60 to 70% of nutrients and 60 to 95% of the particul ate forms
of the heavy metals. The measured short-circuiting factor indicated a severe short-circuiting problem, but that could
be afalse indication due to minor scour near the effluent works in the pond. The Monroe Street pond is meeting all
reasonabl e expectations in both downstream channel protection and in contaminant capture.

Verification Based on Measured Performance at a Landfill Pond in Birmingham, AL.

Another verification of the design criteriaand the DETPOND model is available form the M SCE thesisprepared by
Robert Creel (Evaluating Detention Pond Performance with Computer Modeling Verification, Dept. of Civil and
Environmental Engineering, University of Alabamaat Birmingham, AL. 1994, 137 pgs). Figure 56b shows the
complete 41.3 hadrainage area and the pond. The drainage area has 20.3 ha of bare disturbed soil (the active landfill
site), 4 ha of paved highways, and 13.3 ha of mature hardwood forests. The pond requires up to 2 hafor operation
when completely full. Figure 56c¢ is a schematic of the pond, showing the small isolated pre-settling pond (0.1 ha) at
the upper end of the pond (about 1 ha), the |ocations of the major drainages entering the pond, and the polishing
sand filter (140 n?). The numbers on the schematic indicate the sampling locations used during this study. Figure
56d indicates the area and volumes of the pond for different pond surface elevations. Six storms were monitored
between Nov 28, 1990 and January 10, 1991, having the following rain depths: 25, 16, 9, 20, 11, and 13 mm. Table
20b contains the particle size distributions of the influent to the pond for the six monitored events. Almost all of the
monitored particles (using a Spectrex |LI 1000 laser particle counter and checked with a microscope) were in the
range of 15 to 45 mm. Numerous turbidity measurements were made throughout the monitored events at the four
sampling locations. Figure 56eis an example of the typical changes of turbidity during the first storm event. The
turbidity of water leaving the small pond was very similar to the sheetflow water entering the small pond (several
hundred to several thousand NTU), while the turbidity of the water leaving the large pond was greatly reduced (to
between 20 and 50 NTU), which was further reduced by the sand filter (to about 1 to 10 NTU).
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Figure 56¢. Birmingham landfill pond schematic.
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Figure 56d. Birmingham landfill elevation-area and elevation-volumes curves.

Table 20b. Observed Runoff Particle Sizes in Influent Water at Birmingham Landfill (percentage associated

with each particle size range, by mass)

Pond Wolums (oo

Storm #
Particle Size (nm) 1 2 3 4 5 6
<5 0 0 0 0 0 0
5-15 0.1 13 1.6 3.6 3.8 2.2
15-15 5.9 5.0 4.4 21.2 26.2 0.8
25-35 24.6 31.1 64.8 75.2 70.0 86.0
35-45 69.4 62.6 29.2 0 0 11.0
45-55 0 0 0 0 0 0
>55 0 0 0 0 0 0
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Figure 56e. Turbidity changes with time for influent, initial small pond, pond, and sand filter effluent for storm
#1.

Thiswas arelatively large pond for the drainage area. The landfill was operating under a NPDES permit which
restricted the turbidity of the effluent to 50 NTU. The pond was therefore designed and constructed larger than
thought necessary in order to better meet this discharge limit. Since the sand filter clogged quickly and required
manual cleaning, it was only used when necessary to ensure the effluent turbidity was less than the discharge limit.
Figure 56f shows the successful predictions of the pond hydraulic performance using DETPOND, compared to the
observed pond stages during the monitored storms over awide range of conditions. Table 20c shows the predicted
suspended solids removal by the pond, using DETPOND and the monitored particle size distributions and rain
conditions, compared to the monitored suspended solids removal. Since the pond was over-sized for the site
conditions, it was predicted (and shown to have) almost complete removal of the suspended solids.
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Figure 56f. Observed and predicted pond stages for Birmingham landfill pond study.

Table 20c. Predicted and Observed Suspended Solids Removal for Birmingham Landfill Pond

Storm #
1 2 3 4 5 6
Predicted Removal, % (using DETPOND) 100 100 100 100 100 100
Observed Removal, % 100 100 99 100 99 100

| ssues Associated with Using a Continuous Record of Rainsvs. a Single Event Storm
Single-event designs for hydraulic devices have been used for many decades with reasonably good success. They
were developed to evaluate single parameter conditions (especially peak flow rate or maximum stage indrainage
design). They are used with the assumption that if the hydraulic structure is designed to withstand this critical event,
al eventsless critical would be safely handled. The critical single event for drainage design is selected from alocal
intensity-duration-frequency (IDF) curve for the drainage areatime of concentration. The level of serviceis selected
based on the return frequency of the design event (such asa*“10-year” storm) and theintensity for the design storm
is selected based on this level of service and an event duration equal to the watershed time of concentration. Thisis
an effective approach for the design of relatively simple hydraulic structures and was devel oped due to the
impracticality of evaluating alarge series of eventsduring atime of manual calculations.

The current availability of inexpensive computer facilities and software has largely negated the need to use asingle-
event for design (James and Robinson 1982). A much more suitable approach is to use continuous models for an
extended period of time. Thisisespecially critical when non-linear processes interact in unpredictable ways for
different conditions and when more than simple single-parameter evaluations are needed. Wet weather flow water
quality evaluations are much more complex than drainage design evaluations and require continuous simulations for
the best results. Specifically, continuous evaluations enable cal culations of probabilities of certain levels of
performance being exceeded, such as the percentage of flow treated to a certain level.
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Thisisnot to say that single-event design storms should not be used for preliminary designs. Sizing of awet
detention pond (or other control practice) for water quality improvement can usually be made using relatively simple
guidelines, based on historical performance data, local land use information, and rainfall statistics. However, itis
possible and sometimes necessary to evaluate this design with amodel under continuous and long-term conditions.
This evaluation will produce much more useful information and will enable the “preliminary” design to be modified
to more effectively meet the project objectives. In most cases, thislong-term simulation only requires several
minutes of time to conduct.

Stream Habitat Benefits Associated with Peak Flow Reduction Criteria

Some of the most serious effects of urban runoff are on the aguatic habitat of the receiving waters. A significant
indirect benefit of flow controls for stormwater management is the reduction in associated stream power. Increased
flows are probably the best know exampl e of impacts associated with urbanization. Most of the recognition has of
course focused on increased flooding and associated damages. This has|ed to numerous attempts to control peak
flows from new urban areas through the use of regulations that limit post development peak flowsto pre
development levelsfor relatively large design storms. The typical response has been to use dry detention ponds. In
addition to the serious issue of flooding, high flows also cause detrimental ecological problemsin receiving waters.
The following discussion presents several case studies where increased flows were found to have serious effects on
stream habitat conditions, along with recommended approaches for their control.

The aguatic organism differences in urbanized and control streams found during the Bellevue Urban Runoff
Program were probably mostly associated with the increased peak flows associated with urbanization. The increased
flowsin the urbanized Kelsey Creek resulted in increases in sediment carrying capacity and channel instability of
the creek (Pederson 1981; Perkins 1982; Richey, et al. 1981; Richey 1982; Scott, et al . 1982). Kelsey Creek had
much lower flows than the reference Bear Creek during periods between storms. About 30 percent |ess water was
availablein Kelsey Creek during the summers. These low flows may also have significantly affected the aquatic
habitat and the ability of the urban creek to flush toxic spills or other dry weather pollutants from the creek system
(Ebbert, et al. 1983; Prych and Ebbert undated). Kelsey Creek had extreme hydrol ogic responses to storms.
Flooding substantially increased in Kelsey Creek during the period of urban development; the peak annual
discharges almost doubled in the last 30 years, and the flooding frequency also increased due to urbanization
(Ebbert, et al. 1983; Prych and Ebbert undated).

Snodgrass, et al. (1998) reported that in the Toronto, Ontario, area, flows causing bankfull conditions occur with a
return frequency of about 1.5 years. Stormswith this frequency are in general equilibrium with resisting forces that
tend to stabilize the channel (such as vegetation and tree root mats), with increased flows overcoming these resisting
forces causing channel enlargement. Infrequent flows can therefore be highly erosive. With urbanization, the flows
that were bankfull flows during historical times now occur much more frequently (about every 0.4 yearsin Toronto).
The channel cross-sectional areas therefore greatly increase to accommodate the increased stream discharges and
power associated with the “new” 1.5 year flowsthat are trying to re-establish equilibrium.

Booth and Jackson (1997) found that the classical goal of detention ponds to maintain predevel opment flows was
seriously inadequate because there is no control on the duration of the peak flows. They showed that a duration
standard to maintain post development flow durations for all sediment-transporting discharges to predevel opment
durationswill avoid many receiving water habitat problems associated with stream instability. Without infiltration,
the amount of runoff will obviously still increase with urbanization, but the increased water could be discharged
from detention facilities at flow rates below the critical threshold causing sediment transport. The identification of
the threshold discharge below which sediment transport does not occur, unfortunately, is difficult and very site
specific. A presumed threshold discharge of about one-half of the pre-development 2-year flow was recommended
for gravel bedded streams. Sand-bedded channels have sediment transport thresholds that are very small, with
inevitable bed load transport likely to occur for most levels of urbanization.

MacRae (1997) presented areview of the development of the common zero runoff increase (ZRI) discharge
criterion, referring to peak discharges before and after development. MacRae shows how this criterion has not
effectively protected the receiving water habitat. He found that stream bed and bank erosion is controlled by the
frequency and duration of the mid-depth flows (generally occurring more often than once ayear), not the bank-full
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condition (approximated by the 2 yr event). During monitoring near Toronto, he found that the duration of the
geomorphically significant pre-devel opment mid-bankfull flows increased by afactor of 4.2 times, after 34% of the
basin had been urbanized, compared to before development flow conditions. The channel had responded by
increasing in cross-sectional area by as much as 3 timesin some areas, and was still expanding. Table 21 showsthe
modeled durations of critical dischargesfor predevelopment conditions, compared to current and ultimate levels of
development with “zero runoff increase” controlsin place. At full development and even with full ZRI compliance
in this watershed, the hours exceeding the critical mid-bankfull conditions will increase by afactor of 10, with
resulting significant effects on channel stability and the physical habitat. MacRae (1997) concluded that an effective
criterion to protect stream stability (a major component of habitat protection) must address mid-bankfull events,
especially by requiring similar durations and frequencies of stream power (the product of shear stress and flow
velocity, not just flow velocity alone) at these depths, compared to satisfactory reference conditions.

Table 21. Hours of Exceedence of Developed Conditions with Zero Runoff Increase Controls Compared to Predevelopment
Conditions (MacRae (1997)

Recurrence Existing Exceedence for Exceedence for Existing Exceedence for Ultimate

Interval (yrs) Flowrate Predevelopment Development Conditions, Development Conditions,
(m3s) Conditions (hrs per 5yrs) with ZRI Controls (hrs per5 with ZRI Controls (hrs

yrs) per 5yrs)

1.01 (critical mid-  1.24 90 380 900

bankfull

conditions)

1.5 (bankfull 21 30 34 120

conditions)

As seen, single-event criterion are not very effective for habitat protection unless relatively small events are used.
Unfortunately, when only considering small events, serious drainage and flooding problems associated with large
events may not be adequately mitigated. Therefore, flow criteria should consider at |east several return frequency
events (such as the recommended mid-bank flow condition, along with the less frequent drainage design storm). In
addition, the duration of flows larger than critical sediment transport flows should also be controlled in order to
provide protection of habitat. The use of continuous simulation including the more common events along with rarer
storms causing flooding and drainage damage, should also be considered.

Untreated Flows Associated with SingleEvent Criteria

Another important problem associated with single-event criteriais that many dry detention ponds built have |ow-
flow channelsto allow most of the annual flow to pass through the pond without any retention or opportunity for
treatment. Only when the inflow exceeds the critical value doesit back up in the pond. Therefore, most of the annual
flow passes along asmall concrete channel, with no treatment, with only afew events ayear being treated at al. In
these ponds, little scour of the settled particul ates would likely occur because the long time period between flooding
in the pond would allow incorporation of most of the settled material into the pond grass liner. If the pond was

paved or lined with concrete, such asin some depressed tennis courts that are actually dry ponds, then scour may
occur. In Bellevue, WA, where these “multi-use” ponds have been used, ramps |ead down into the pond/tennis court
to allow street cleaners to remove much of the settled sediment after alargerain, allowing little interruption of
recreational use of the facility. In all cases, these pond designs, even though designed and operated to suppress large
flows, actually treat very small amounts of the annual stormwater flows, with minimal water quality benefit.

Benefits of Using Continuous, Long-Term Simulations

Urban receiving water problems are related to many different conditions covering awide range of rain
characteristics. Reviews of numerous urban receiving water studies from throughout the U.S. have identified the
following diverse list of receiving water problems that may be caused by stormwater (Pitt 1995a and 1995b):

- Sedimentation damage in stormwater conveyance systems and in receiving waters.

- Nuisance algae growths from nutrient discharges into quiescent waters.

- Inedible fish and undrinkable water caused by toxic pollutant discharges.

- Shiftsto less sensitive aquatic organisms caused by contaminated sediments and habitat

10-123



destruction.
- Property damage from increased drainage system failures.
- Swimming beach closures from pathogenic microorganisms.
- Water quality violations, especially for bacteria and total recoverable heavy metals.

Thefirst four problem areas are mostly associated with slug (mass) discharges (not i nstantaneous concentrations or
rates), while the last three are mostly associated with instantaneous concentrations and high flow rates.

In order to predict receiving water problems caused by stormwater, accurate flow estimates and pollutant mass
discharges must be known. Knowing where the potentially problem pollutants originate in the watershed is also
valuable in order to select appropriate stormwater control candidates. Accurate knowledge of runoff volumes during
different storms has been shown to be necessary when predicting pollutant discharges.

Most of the annual rain is associated with many small individual events, while most of the runoff volume and
pollutant mass discharges are associated with a smaller set of intermediate events. The following discussion
illustrates this, based on actual monitored rainfall and runoff distributions for Milwaukee, WI (datafrom the
Milwaukee NURP project, Bannerman, et al. 1983), and analyses of long-term rainfall histories and predicted runoff
for Minneapolis.

Figure 57 includes cumul ative probability density functions (CDFs) of measured rain and runoff distributions for
Milwaukee during the 1981 NURP monitored rain year (datafrom Bannerman, et al. 1983). CDFs are used for

plotting because they clearly show the ranges of rain depths responsible for most of the runoff. Rains between 0.05
and 5 in. were monitored during this period, with two very large events (greater than 3 inches) occurred during this
monitoring period which greatly distort these curves, compared to typical rain years. The following observations are
evident:

- The median rain depth wasabout 0.3in.

- 66% of all Milwaukeerainsarelessthan 0.5 in. in depth.

- For medium density residential areas, 50% of runoff was associated with rainslessthan 0.75in.

- A 100-yr., 24-hr rain of 5.6 in. for Milwaukee could produce about 15% of the typical annual runoff
volume, but it only contributes about 0.15% of the average annual runoff volume, when amortized over 100
yrs.

- Smilarly, a25-yr., 24-hr rain of 4.4 in. for Milwaukee could produce about 12.5% of the typical annual
runoff volume, but it only contributes about 0.5% of the average annual runoff volume, when amortized
over 25 yrs.

Figure 58 shows CDFs of measured Milwaukee pollutant |oads associated with different rain depths for amedium
density residential area. Suspended solids, COD, lead, and phosphate |oads are seen to closely follow the runoff
volume CDF shown in Figure 57, as expected. Since load isthe product of concentration and runoff volume, some

of the high correlation shown between load and rain depth is obviously spurious. However, these overlaysillustrate
the range of rains associated with the greatest pollutant discharges.
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Figure 57. Milwaukee rain and runoff cumulative probability density functions (CDFs).
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The Milwaukee observations show that southeastern Wisconsin rainfall distributions can be divided into the
following categories, with possible management approaches relevant for each category of rain:

- Common rains having relatively low pollutant discharges are associated with rains less than about 0.5in.
(212 mm) in depth. These rains account for most of the events, but little of the runoff volume, and are
therefore easiest to control. They produce much less pollutant mass discharges and probably have less
receiving water effects than other rains. However, the runoff pollutant concentrations likely exceed
regulatory standards for several categories of critical pollutants, especially bacteria and some total
recoverable metals. They also cause large numbers of overflow eventsin uncontrolled combined sewers.
These rains are very common, occurring once or twice aweek (accounting for about 60% of the total

rainfall events and about 45% of the total runoff eventsthat occurred), but they only account for about 20%
of the annual runoff and pollutant discharges. Rains less than about 0.05 inches generally did not produce
noticeabl e runoff during the field monitoring in Milwaukee, but the lower “ cutoff” rainfall would be mostly
dependent on the amount of pavement in the drainage. These are key rains when runoff-associated water
quality violations, such asfor bacteriaand total recoverable heavy metals, are of concern. In most areas,
runoff from these rains should be totally captured and either re-used for on-site beneficial uses or infiltrated
in upland areas. For most areas, the runoff from these rains can be relatively easily removed from the
surface drainage system.

- Rains between 0.5 and 1.5 in. (12 and 38 mm) are responsible for about 75% of the runoff pollutant
discharges and are key rains when addressing mass pollutant discharges. These rains account for the
magjority of the runoff volume (about 50% of the annual volume for this Milwaukee example) and produce
moderate to high flows. They account for about 35% of the annual rain events, and about 20% of the annual
runoff events. These rains occur on the average about every two weeks during the spring to fall seasons and
subject the receiving waters to frequent high pollutant loads and moderate to high flows. The small rainsin
this category can also be removed from the drainage system and the runoff re-used on site for beneficial
uses or infiltrated to replenish the lost groundwater infiltration associated with urbanization. The runoff
from the larger rains should be treated (such asin wet detention ponds) to prevent pollutant dischargesfrom
entering the receiving waters.

- Rains greater than 1.5 in. (38 mm) and less than 3 in (75 mm) are associated with drainage design and are
only responsible for relatively small portions of the annual pollutant discharges. These rains produce the
most damaging flows, from a habitat destruction standpoint, and occur every several months (at |east once
or twice ayear) to every few years. These recurring high flows, which were historically associated with
much less frequent rains, establish the energy gradient of the stream and cause unstable streambanks. Only
about 2 percent of therains are in this category and they are responsible for about 10 percent of the annual
runoff and pollutant discharges. Typical storm drainage design eventsfall in the upper portion of this
category. Extensive pollution control designed for these events would be very costly, especially considering
the relatively small portion of the annual runoff associated with the events. However, discharge rate
reductions are important to reduce habitat problemsin the receiving waters. The infiltration and other
treatment controls used to handle the smaller stormsin the above categories would have some benefit in
reducing pollutant discharges during these larger, rarer storms.

- In addition, extremely large rains >3 inches (>75 mm) also infrequently occur that can exceed the

capacity of the drainage system and cause |ocal flooding. This category is infrequently represented in field
studies due to the rarity of these large events and the typically short duration of most field observations.
The smallest rainsin this category are included in design storms used for drainage systemsin Milwaukee.
These rains occur only rarely (once every several yearsto once every several decades, or less frequently)
and produce extremely large flows. The 3-year monitoring period during the Milwaukee NURP program
(1980 through 1983) was unusual in that two of these events occurred. Less than 2 percent of the rains were
in this category (typically <<1% would be), and they produced about 15% of the annual runoff quantity and
pollutant discharges. During a“normal” period, these rains would only produce avery small fraction of the
annual average discharges. However, when they do occur, great property and receiving water damage
results. The receiving water damage (mostly associated with habitat destruction, sediment scouring, and the
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flushing of organisms great distances downstream and out of the system) can conceivably naturally recover
to before-storm conditions within afew years. These storms, while very destructive, are sufficiently rare
that the resulting environmental problems do not justify the massive stormwater quality controls that would
be necessary. The problem during these eventsis massive property damage and possible loss of life. These
rainstypically greatly exceed the capacities of the storm drainage systems, causing extensive flooding. It is
critical that these excessive flows be conveyed in “secondary” drainage systems. These secondary systems
would normally be graded large depressions between buildings that would direct the water away from the
buildings and critical transportation routes and to possible infrequent/temporary detention areas (such as
large playing fields or parking lots). Because these events are so rare, institutional memory often failsand
development is allowed in areas that may not be indicated on conventional flood maps, but could suffer
critical flood damage.

Example Use of DETPOND and Wet Detention Pond Analyses

Analysis of the Wet Stormwater Detention Pond for the Brook Highland Shopping Center
The following analysis was conducted by John Easton, a UAB graduate student, as part of a class assignment
investigating current performance and possibl e retro-fit opportunities at existing wet detention ponds. The analyses
included site surveys and peak flow evaluations using HydroCAD ® and water quality analyses using DETPOND.
Thiswet detention pond is located between Highway 280 and the Wal-Mart at the Brook Highland Plaza Shopping
Center, in Shelby County, AL. The contributing areawas estimated at 18 acres.

General Quality Criteria

Pond Depth

A review of the plans and specifications, in addition to on-site field evaluations, indicates that the pond meets the
depth criteria of 3 to 6 feet of permanent storage which is necessary to prevent scour, decrease light penetration (to
minimize rooted aquatic plant growths), and to increase winter survival of fish. This review indicates that the pond
will maintain approximately 4 feet of dead water storage, but does not provide for much sediment storage. The pond
might benefit from a degpened sump near the pond inletswhere sediment would preferentially be captured. This
would likely lower the maintenance costs for the pond by allowing easy access for removal of these larger particles.

Sefety Criteria
The pond side slopes are 1:2 near the water edge, steeper than preferred. A 15 foot wide shelf slightly below the

water surface is provided.

Peak Reduction Factors (PRF)

The pond significantly reduces the peak outflow rates from the contributing area. Theoretically, the 100-year storm’s
runoff rate is reduced from 141 cfsto about 38 cfs. The peak reduction factor (PRF = 1-Q,/Q,), for thisevent is

0.74, corresponding to a 74% reduction of the inflow hydrograph in the pond.. For the 50-year and 25-year storms,
the PRFs are 0.73. Even in the case of the 100-yr storm, the pond still has half of afoot of freeboard storage below
theinvert of the emergency spillway.

Upflow and Critical Settling Velocities
For the typical rain events, DETPOND simulations demonstrate that the pond sati sfies the maximum upflow
velocity (or critical settling velocity) maximum of 0.00013 ft/sec which is necessary for 5rm particle control.

Pond’ s Water Quality Storage

A pond’ swater quality storage should be equal to the runoff associated with 1-%4" rain based on the land use, and
cover of the watershed served by the pond. HydroCAD, which uses SCS TR-20 methods for computing the
composite curve number, calculated a CN of 95. This 95 CN is appropriate for acommercial area, and corresponds
to approximately 0.85 inches of runoff for thisrain size. Therefore, the minimum active pond storage (between the
invert elevation of the lowest outlet and the secondary outlet discharge devices) required should be aleast 1.3 acre-
ft. The pond’ swater quality storageis approximately 1.6 acre-ft. Thereis an additional freeboard storage of 4.6
acre-ft for peak runoff rate reductions.
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Pond'’ s Surface Area Requirements

A pond’ s surface area should be sized as a percent of watershed’ s area based on land use and the particle size control
desired. This site has commercial land use, with arecommended 1.7% of the watershed area needed for the pond
surface area (or about 0.31 acres). The pond has anormal pool area of about 0.54 acres, exceeding this minimum
recommendation.

Other Benefits

In dry weather, the pond will be available to provide water for emergency fire protection. This pond should be a
pleasing amenity for the retail mall area. The use of appropriate grasses adjacent to the pond may provide agrass
filter for additional pollutant reduction.

Background Information Related to Site Evaluation

Criteria Used to Estimate Peak Flowrates

The peak inflow hydrograph values were determined by HydroCAD' s SCS TR-20 methodology. For the site, a SCS
Typelll rainfall IDF curve was selected. Rainfall depths for the 100-year, 50-year, and 25-year storms were
approximately 8.6", 7.8”, and 7.1" respectively. The time of concentration (Tc = 5.1 minutes) for the watershed was
aso calculated using HydroCAD’ s built-in TR-20 methods. Given that the siteis commercial, with an estimated
85% impervious area, a curve number of 95 was assigned.

Watershed Areas, Slope, and Drainage Divides

Based on the information provided in the site’ s grading plans (given by Sain and Associates) and field observations,
it was determined that the contributing watershed areathat drainsinto the pond has an estimated area of
approximately 18 acres. Slopes were determined to be very flat in the vicinity of the pond, approximately 1 foot per
100 fest, or 1%.

Analysis of Design Storms

HydroCAD ©

The HydroCAD Stormwater Modeling System (version 4.53) was used to analyze the pond for flow attenuation
during drainage design storms. This computer program cal culates inflowing hydrographs, based upon design storm
and watershed characteristics, and then routes these through a drai nage system composed of subcatchments, reaches,
and ponds.

The subcatchment component is used to model a given drainage area or watershed. In this case, there was only one
subcatchment, with subcatchment 1 referring to the 18.0 acres of the Brook Highland commercial shopping center
that drainsinto the pond next to Wal-Mart. The program uses built-in SCS TR-20 hydrology methods for
determining the hydrograph characteristics. Next, the hydrograph is routed through a series of defined reaches
and/or ponds. In this case, there is one hydrograph from the subcatchment, which is routed through a single pond.

The pond component of this model is described using a stage v. surface area curve. In addition, the model requires
descriptions of the outlet structures. This data, asinput to the model, is described in Figure 58 and Table 22.
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Elevation v. Surface Area
Walmart Wet Detention Pond
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Figure 58. Stage v. Surface Area Curve

Table 22. Outlet Device Descriptions

# Route Invert OQutlet Devices
1 primary 630.00 36" culvert
n=0.013, length=38’, slope=0.13%, Ke=0.5, Cc=0.9
2 to #1 630.00 30" orifice
2 to #2 630.00 227 orifice (two) (partially blocked by excessive cattail growths)
3 to #2 632.5 sharp-crested rectangular weir
length=15.7", height=3.5" (square concrete box)
4 secondary 634.5 10’ broad-crested rectangular weir

emergency spillway

The HydroCAD simulations were run for three 24-hour, SCStype 111 design storm frequencies: 25-year (7.17), 50-
year (7.8"), and 100-year (8.6”). Table 23 summarizes these results. As previously mentioned, the peak reductions
are about 73%, and the peak discharge lag is approximately 22 minutes. The peak elevation in the pond never
reaches the maximum elevation (636 ft).

Table 23. Results of HydroCAD Simulations

Design Rain Peak Peak Peak Peak Atten. Lag

Event Depth Elev.  Storage Qin (cfs) Qout (%) (min)
(in)* (ft)** (AF) (cfs)

25-year 7.1 633.0 422 116.1 30.81 73 22.7

50-year 7.8 633.3 4.56 127.9 34.22 73 224

100-year 8.6 633.8 4.97 141.3 37.69 73 225

* Design storms are type Il 24-hr for Shelby county (SCS methods).
** Flood elevation is at 636 feet.

10-130



DETPOND

DETPOND uses asimplified triangular hydrograph suitable for small rains. Therefore, the SCS hydrograph
generated by HydroCAD was used in DETPOND to simulate water quality benefits during these large “ design”
storms. A comparison of the hydraulic results from HydroCAD (Table 24) shows that the hydraulic results are
similar. Even under these extreme rain conditions, the pond is expected to remove approximately 75% of the TSS.

Table 24. DETPOND Summary for Design Storms

Storm Max. Max. Max. Max particle size  Avg. Min Particle % TSS
Year Stage Inflow Outflow  discharged (um)  Size Controlled Removed
(ft.) (cfs) (cfs) (um)
25 633.01 115.0 313 325 7.9 76.1
50 633.40 126.7 34.4 325 8.3 75.1
100  633.83 140.0 37.9 32.5 9.0 73.5

Analyses Using L ong-Term Rainfall Records

DETPOND

The advantage to using DETPOND isthat the program allows analyses of actual rainfall events over an extended
period of time. Rain files contain start and end dates and times, plus the rain depth. The model determinestherain
duration, rain intensities, and interevent periods. DETPOND then routes a simple triangular hydrograph through the
pond to evaluate the expected particulate removal. For this evaluation, DETPOND simulations were conducted
using rain files created from the 1976 Birmingham monitoring year (a“normal” rain year containing 112 events,
based on long-term records), and also on the complete 1952 through 1989 rain record. There were 2 events (out of a
total of 4,107 in the Bham5289 rain file), in which the pond stage rises to the level of the second outlet. In addition,

it never reaches the emergency spillway.

Short-term Simulation Series. The results of the simulations using the Bham76 file are presented in Table 25. On
average, the pond will collect particle sizes 1.17 mm and greater in size, which represents 97% TSS control. The
averagerain depth is 0.5 inches, and the average duration is 12 hours. For the smallest storms, this pond is achieving
close to 100% control, and for the largest storm in 1976 the pond is still removing about 86% of the TSS. These high
removals, in addition to the large peak flow rate reductions, indicates that the pond islikely over-sized, possibly in
anticipation of additional areabeing directed to the pond as the shopping center is further devel oped.

Table 25. Water Quality Output Summary for 1976 Rain Year (112 events)

Statistic Rain Rain Intrevt Rain Max Flow - Approx. Peak Event
Depth Duration Duration Intensity Pond weighted Part. Reduction Flushing
(in) (hrs) (days) (in/hr) Stage Particle Res. Factor Ratio
(ft) Size Control*
()

Mean 0.50 12.01 1.81 0.04 630.16 117 97 0.29 0.39
Std. Dev. 0.75 10.77 2.36 0.06 0.23 1.23 4 0.21 0.64
Cov** 151 0.90 1.30 1.48 0.05 1.05 0.04 0.73 1.63
Min. 0.01 1.00 0.25 0.01 630.00 0.00 86 0.04 0.00
Max. 3.84 45 11.68 0.31 631.04 4.00 100 0.74 3.31

* Approximate Particle Residue Control (TSS).
** Coefficient of Variation — standard deviation divided by the mean.

Figure 59 shows the maximum pond stage versus the percent particle control. There is an expected trend as the
control decreases with maximum stage, i.e., more water flowing into the pond.
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Pond Stage v. Particle Residue Control
Walmart wet pond, B'ham76
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Figure 59. Pond Stage v. Particle Residue Control

Figure 60 shows the water quality performance of the pond (% particulate control) versus the rain depth in inches.
Generally, the percentage TSS control decreases as the rain depth increases, as expected. The scatter is due the fact
that rainfall/runoff characteristics are quite variable and depth is only one parameter. The results are similar to
Figure 61 which shows the percentage TSS control versus rain intensity.

Rain Depth v. Particle Residue Control
Walmart wet pond, Bham76
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Figure 60. Rain Depth v. Particle Residue Control

Rain Intensity v. Particle Residue Control
Walmart wet pond, Bham76
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Figure 61. Rain Intensity v. Particle Residue Control

Long-term Simulation using Birmingham Rain, 1952-1989. Table 26 is a summary for the 4,107 rain events that
occurred in Birmingham from 1952-1989. Notice that the minimum and maximum values are different than those
from the 1976 simulations, but the mean values are quite similar, indicating that 1976 is likely agood indicator for a
typical rain year. The mean particle control isabout 95%, slightly less than the 97% value indicated for the 1976
rain year. This high removal rate over this extended period assumes that proper maintenance of the pond will occur.

Table 26. Water Quality Output Summary for 1952-1989 Rain File

Statistic Rain Rain Intrevt Rain Max Flow - Approx. Peak Event
Depth  Duration Duration Intensity Pond weighted Part. Res. Reduction Flushing

(in) (hrs) (days) (in/hr) Stage Particle Control* Factor Ratio

(ft) Size (%)

Mean 0.50 6.31 257 0.09 630.26 1.64 95 0.42 0.38
Std. Dv. 0.75 6.88 3.54 0.11 0.33 1.37 5 0.22 0.62
COov** 1.50 1.09 1.38 131 0.00 0.83 0.05 0.52 1.62
Min. 0.01 1.00 0.00 0.00 630.00 0.00 74 0.01 0.00
Max. 13.58 93 44.31 145 63241 7.70 100 0.77 8.06

* Approximate Particle Residue Control (TSS).
** Coefficient of Variation — standard deviation divided by the mean.

Design Storm RunsUsing DETPOND

The pond inflow hydrograph from the HydroCAD analyses were used as a “ user defined hydrograph” for input into
DETPOND to evaluate the water quality control during these low frequency design storms. The following isan
example DETPOND output file for the 25-year design event:

25-year Design Event:

Time increment (nmn)= 6 Nunber of increments= 360

Rain depth (in) (NA for user defined inlet hydrograph): 0.00
Rai n duration (days): 0.42 Event duration (days): 0.50
Interevent duration (days): 0.00

Inflowrate to pond (cfs): nax= 115.0
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Qutflow rate frompond (cfs): min= 0.0 max= 31.3

tinme wei ghted ave= 2.1
Net inflow volume (cu ft) - event: 72615  cumnul ati ve: 72615
Total inflow volune to pond (cu ft): 348192
Qutfl ow volurmes (cu ft) - hydraulic: 275577
- seepage: 0
- evaporation: 0
- total outflow 275577
Pond storage above | owest invert (cu ft): max = 106777
Pond storage bel ow | owest invert (cu ft): 72615
Pond stage above datumfor event (ft): mn= 0.30 max= 7.01
Pond surface area for event (sq ft): mn= 5379 max= 39223
Event flushing ratio (total inflow volune/pond storage bel ow invert): 4. 80
Upflow velocity for event (ft/hr): nmin= 0. 000 max= 2.871
M ni mum particle size controlled (mcrons): fl ow wei ghted average= 7.9
Particul ate solids control (percent): mn= 62.8 fl ow wei ghted aver age= 74.1
Peak Reduction Factor (PRF): 0.73
*** The | argest ave particle size discharged during any tinme increment: 12.1
m crons
Particle Size D stribution
Percent of |< Particle Si ze (m crons) >|
Particles Pond | <======= Pond Qutflow During Event =======3|
Lar ger Inflow |<======= User ==>|
than Size Duri ng Theoreti cal n=8 n=3 n=1 Defined n
I ndi cat ed Event *okx n=>5
o > 2000.0 7.9 21.0 32.5 233.3 32.5
10 > 233.3 6.9 8.7 10.0 15.3 8.9
20 > 95.0 5.9 7.0 7.6 10.1 7.2
30 > 53.3 5.2 5.4 5.8 7.7 5.5
40 > 32.5 4.5 4.6 4.8 5.9 4.7
50 > 21.0 3.8 3.7 4.0 4.8 3.8
60 > 13.5 3.1 2.9 3.1 3.7 3.0
70 > 9.0 2.3 2.2 2.3 2.7 2.2
80 > 57 1.6 1.5 1.5 1.8 1.5
90 > 3.0 0.8 0.7 0.8 0.9 0.7
100 > 0.0 0.0 0.0 0.0 0.0 0.0
Row A 12.1 21.0 32.5 233.3 32.5
Row B: 7.9
Row C: 74.1 76.6 75.3 70.6 76.1

Row A Largest ave particle size discharged (mcrons) during any tine event
Row B: Fl ow wei ghted average m nimum particle size controlled (nicrons)
Row C. Percent particulate solids renoved

Site Photogr aphs
Facing west, inlets on right, obscured by cattails.
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Facing North, showing parking areathat drain to pond.

Outlet structure, showing cattails partially blocking the 22 in orifices through concrete wall.
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The Use of DETPOND to Evaluate Wet Detention Pond for Minneapolis-St. Paul Airport

Thisdiscussion if summarized from areport originally prepared by Robert Pitt for Liesch Associates, Inc., in August
1999.

Long-Term Rain and Runoff Analysesfor Minneapolis

The critical values defining the important rain categories affecting receiving water uses are highly dependent on
local rain and development conditions. Computer modeling analyses for 7 years of rainsfor Minneapolis (1982
through 1989) were therefore conducted to examine the runoff distributions for typical residential and commercia
areas. The plots from this modeling activity (shown in Figure 62) indicate the rainfall and runoff probability
distributions. The complexity of most receiving water quality problems prevents asimple analysis. The use of
simple design storms, which was a major breakthrough in effective drainage design more than 100 years ago, is not
adequate when receiving water quality issues must also be addressed.
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Figure 62. Recorded rain count and modeled runoff volume distributions for Minneapolis, MN (1983 through 1989).

These simulations were based on 7 years of rainfall records (1983 through 1989), from the NOAA station at the
Minneapolis-St. Paul airport and were obtained from CD-ROMs distributed by Earthinfo of Boulder, CO. Hourly
rainfall depths for the indicated periods were downloaded from the CD-ROMs into an Excel spreadsheet. The files
were slightly modified (by eliminating the daily total rainfall column) and saved as acommadelineated file. This
filewasthen read by an utility program included in the SLAMM package. Thisrainfall file utility combined

adjacent hourly rainfall valuesinto individual rains, based on user selections (at least 6 hrs of no rain was used to
separate adjacent rain events and all rain depths were used, with the exception of the “trace” values). Theserain files
for each city were then used in SLAMM for typical medium density and strip commercial developments. The

median rainfall was 0.11 inches, whilerainfall depths of about 0.73 to 1.0 inch correspond to the median runoff

depth, depending on the land use.

The CDF plot (Figure 62) shows two distinct “breakpoints’ which separate the distributions into the following three
general categories:

- lessthan lower breakpoint: small, but frequent rains. These generally account for 50 to 70 percent of all
rain events (by number), but only produce about 10 to 20 percent of the runoff volume throughout the U.S. Figure
62 shows that the rain depth for this breakpoint was about 0.22 inches for Minneapolis during this 7 year period, and
68% of all rains were |less than thisvalue. Nine to 13% of the runoff volume was associated with these smaller rains,
depending on the land use. These events are therefore most important because of their frequencies, not because of
their mass discharges. These rains are therefore of great interest where water quality violations associated with urban
stormwater occur. Thiswould be most common for bacteria (especially fecal coliforms) and for total recoverable
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heavy metals which typically exceed receiving water numeric criteriaduring practically every rain event in heavily
urbanized drainages having separate stormwater drainage systems.

- between the lower and upper breakpoint: moderate rains. These rains generally account for 30 to 50
percent of al rains events (by number), but produce 75 to 90 percent of all of the runoff volume throughout the U.S.
Figure 62 shows that the rain depth of this upper breakpoint is about 2.8 inch for Minneapolis during this 7 year
period, and about 84% of all runoff was between the two breakpoints, while only 32% of therainswerein this
range. These intermediate rains also account for most of the pollutant mass discharges and much of the actual
receiving water problems associated with stormwater discharges.

- above the upper breakpoint: large, but rare rains. These rains include the typical drainage design events
and are therefore quite rare. During the period analyzed, less than 1 percent of the rains were greater than this
breakpoint (only 11 eventsin 38 years, including a 10 inch rain that occurred on July 23, 1987, as shownin Table
27). These rare events accounted for about 5 percent of the runoff on an annual basis, as shown on Figure 62.
Obviously, these events must be evaluated to ensure adequate drainage and for habitat protection.

Table 27. Very Large Rains Occurring from 1952 to 1990 at Minneapolis-St. Paul International Airport

Date Rain Depth (inches) Rain Duration (hours)
6/25/78 2.88 8
6/7/84 294 12
6/21/86 3 10
5/31/65 3.01 13
10/14/66 3.13 32
10/7/70 3.2 61
8/26/78 3.65 14
7/20/87 3.8 9
7/7/55 3.89 9
8/30/77 7.35 11
7/23/87 10 6

A continuous analysis of proposed water quality control practicesistherefore needed in order to evaluate how the
proposed practices affect the rainsin each of these three major categories.

Estimated Performance of Minneapolis-St. Paul International Airport Pond Design

DETPOND was used to eval uate the proposed pond at the Minneapolis-St. Paul International Airport. Table28isa
summary of the overall pond performance for the three major rain categories described above, while Figure 63
shows the expected performance plots for this pond, and Figure 64 shows the predicted rainfall-runoff relationship
for the airport drainage. Obviously, the smaller rains and flows experience a much greater level of treatment than the
larger rains. The following summarizes the overall expected pond performance:

- the flow-weighted particle size control isabout 5.1 mm, corresponding to an estimated flow-weighted
suspended solids control of about 89% using the “midwest” particle size distribution.

- if using the “low” particle size distribution (made up predominately of smaller particles), then the
estimated flow-wei ghted suspended solids control would be about 65%.

- if using the “high” particle size distribution (made up predominately of larger particles), then the
estimated flow-wei ghted suspended solids control would be about 97%.
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Table 29 isastatistical summary of the modeled pond performance for this proposed pond for the 38 year analysis
period. This period contained almost 4,000 events, ranging from 0.01 to 10 inches, with interevent periods ranging
up to 34 days. Only about 1% of the total pond outflow occurred as evaporation and only about 10% of the pond
water was displaced during the median rain event. The pond displacement volume (the water volumein the pond at
the beginning of the event) was about equal to a 0.5 inch rainfall. Theintermediate rainfall category (0.22 to 2.8
inches) had event flushing ratiosranging from 0.25 to 6.8, with most of the eventsin this critical category displacing
several times the pond volume during the event period. In other words, most of the treatment is likely occurring
during the relatively short runoff period (5 to 24 hours) as dynamic settling and not during interevent periods as
quiescent settling.

Table 28. Predicted Wet Detention Pond Performance at Minneapolis-St. Paul International Airport

Rain category Occurrence of Rain range Predicted critical Predicted Percentage of
rains in this (inches) particle size suspended solids annual runoff
category (% of all control (mm) (flow- control (%) (flow- volumein
rains) weighted) weighted) category

Frequent, small 68% <0.22 inch 1.0 mm 99% 8.8%

rains

Common, 32% 0.22t02.8 4.8 Mm 89% 84.1%

intermediate rains inches

Rare, large rains <1% (11in 38 >2.8 inches 15 mm 71% 7.1%
years)

Thefirst category, the most frequent, but smallest rains, account for about 68% of all rains (by count), but only 8.8%
of the airport runoff quantity. These rains are most significant from awater quality standard violation standpoint, as
amost all rains are likely to exceed water quality standards for bacteria and some of the total recoverable heavy
metals. Much of these flowswould beinfiltrated through the grass-lined drainages at the airport. The directly -
connected impervious areas draining directly to the drainage systems and the proposed detention pond will
contribute most of the expected flows during these small rains. The proposed detention pond will remove amost al
of the suspended solidsin the runoff, and much of the associated other pollutants (especially the heavy metals)
during these small rains, greatly reducing the frequency of water quality violations.

Theintermediate category of rains are responsible for most of the annual runoff volume (84.1%). Runoff from this
category of rainswould most likely be responsible for most of the receiving water problems. Much of the runoff
from the smallest rainsin this category would likely beinfiltrated at the upland grass waterways, but the larger rains
would produce some runoff from these “ disconnected” areas in addition to most of the runoff from the directly
connected paved areas. The proposed pond is estimated to remove most of the particul ate pollutants greater than
about 5 mm in size (and about 89% of the suspended solids) from the runoff from these rains.

Thethird category of rains (>2.8 inches) account for only 7.1% of the annual airport runoff, and originate from only
0.3% of therain events. Fifteen events over the 38 years would have been expected to cause an overflow of the
emergency spillway of the pond, possible causing catastrophic pond failure (especially the maximum 10 inch rain,
while the other excessive rains would have produced much less of an overflow). The proposed pond design
therefore has a bypass structure that will divert large flows around the pond and discharge them directly into the
Minneapolis River untreated. A later discussion presents an analysis to recommend the bypass flow rate. The water
treated in the pond in this category would provide capture of all particulates greater than about 15 nm,
corresponding to a suspended solids level of control of about 71%.

The estimated long-term averaged suspended solids control istherefore about 88%, mostly associated with the
intermediate-sized events.
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Figure 63. Suspended solids and particulate control as a function of rain depth.
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Table 29. Pond Performance Summary for 38 Year Rain Series for Proposed Airport Pond Design

Rain Rain Interevent Rain Maximum Minimum Event Event Event Event total Flow - Approximate Peak Event
depth duration duration intensity  pond stage pond stage  inflow hydraulic evaporation outflow weighted suspended reduction  flushing
(in) (hrs) (days) (in/hr) (ft) (ft) volume outflow outflow (ac-ft) particle size solids control  factor ratio
(ac-ft) (ac-ft) (ac-ft) controlled (%)
(mm)

number 3997 3997 3997 3997 3997 3997 3997 3997 3997 3997 3997 3997 3680 3997

total 1033 24829 10647 40016 39535 444 39980

% flow out 98.89 1.11
num avg 0.26 6.21 2.66 0.05 6.25 5.24 10.01 9.89 0.11 10.00 1.45 97.31 0.68 0.61
fl wt avg 5.08 89.24

median 0.10 4.00 1.46 0.02 5.81 5.20 1.67 2.24 0.05 2.36 0.60 99.90 0.76 0.10
min 0.01 1.00 0.00 0.00 4.89 4.77 0.01 0.00 0.00 0.01 0.00 59.30 0.02 0.00
max 10.00 79.00 34.31 1.67 25.34 6.48 807 807 1.25 807 23.30 100.00 1.00 49.04
st dev 0.43 6.8 3.4 0.08 1.24 0.17 23.7 23.4 0.14 23.4 1.94 4.40 0.26 1.44
cov 0.59 0.90 0.76 0.58 5.0 29 0.42 0.42 0.75 0.42 0.74 22 2.5 0.42
1% 0.01 1 0 0 5.05 4.96 0.014 0.008 0.002 0.02 0 814 0.07 0.001
5% 0.01 1 0 0.01 5.13 5.04 0.014 0.042 0.005 0.07 0 88.0 0.16 0.001
10% 0.01 1 0 0.01 5.18 5.08 0.014 0.095 0.009 0.13 0 91.3 0.25 0.001
20% 0.02 1 0.132 0.01 5.27 5.11 0.056 0.255 0.017 0.33 0.1 94.4 0.42 0.003
25% 0.03 2 0.24 0.01 5.32 5.13 0.123 0.387 0.022 0.47 0.1 95.6 0.49 0.007
30% 0.03 2 0.41 0.01 5.38 5.14 0.129 0.559 0.027 0.66 0.1 97.0 0.56 0.008
40% 0.06 3 0.88 0.02 5.54 5.17 0.506 1.14 0.039 1.2 0.2 98.9 0.67 0.031
50% 0.10 4 1.46 0.02 5.81 5.20 1.67 2.23 0.054 2.3 0.6 99.9 0.76 0.10
60% 0.16 5 2.16 0.03 6.15 5.23 4.24 4.17 0.077 4.2 1.2 100 0.83 0.25
70% 0.25 7 3.08 0.04 6.58 5.27 8.36 7.54 0.11 7.6 1.8 100 0.88 0.50
75% 0.31 8 3.72 0.05 6.84 5.30 10.9 10.2 0.14 10. 2.3 100 0.91 0.66
80% 0.40 10 4.46 0.06 7.14 5.33 15.1 139 0.17 14. 2.7 100 0.93 0.92
85% 0.50 12 5.48 0.08 7.50 5.38 20.0 19.0 0.22 19. 3.2 100 0.94 1.2
90% 0.69 15 6.93 0.11 7.98 5.44 29.1 27.8 0.28 28. 4.0 100 0.96 1.7
91% 0.74 15 7.32 0.12 8.11 5.46 30.8 30.4 0.30 30. 4.2 100 0.96 1.8
92% 0.78 16 7.77 0.13 8.27 5.48 33.6 331 0.32 33. 4.3 100 0.97 2.0
93% 0.88 17 8.27 0.14 8.40 5.51 37.9 37.7 0.35 37. 4.7 100 0.97 2.3
94% 0.96 18 8.86 0.15 8.61 5.54 41.4 40.9 0.37 41. 5.0 100 0.97 25
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95%
96%
97%
98%
99%
99.50%
99.90%
100%

1.05
1.16
1.30
151
1.99
2.32
3.65

9.67
10.63
11.93
13.07
15.85
19.28
24.69
34.31

0.17
0.19
0.22
0.27
0.37
0.46
0.89
1.67

8.81
9.02
9.26
9.53
10.12
10.69
12.15
25.34

5.58
5.63
5.68
5.77
5.90
5.99
6.25
6.48

46.1
51.8
57.8
69.0
93.8
112.
192.
807.

449
50.6
57.5
69.8
92.7
111.
190.
807.

0.39
0.43
0.48
0.58
0.74
0.90
112
1.24

100
100
100
100
100
100
100
100

0.98
0.98
0.98
0.98
0.99
0.99
0.99
1.00
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Minneapolis-St. Paul Airport Detention Pond Site
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Figure 64. Rainfall-runoff relationship for airport drainage.

Bypass of Excessive Flows around Pond

All low flows will be directed to the pond. However, certain peak flows will be discharge directly to the Minnesota
River without passing through the pond, although flows | ess than this cutoff flow will be discharged to the pond.
The diversion will consist of an orifice at the bottomof the storm sewers which will direct the flows below the
critical cutoff flow to the pond. A shallow dam will be located immediately downstream to create ahead. The
excessive flows overtopping this diversion dam will be directed to the river. This diversion structure will not have
any type of machinery to ensure safe and unhampered operations.

Various bypass amounts were examined to prevent the pond from exceeding the 10 ft and 11 ft elevations, using a
3.89inch typell hydrograph for the site. All influent flows in the influent hydrograph greater than the bypass

amount were replaced with the values shown as the bypass amount, allowing the truncated hydrograph to flow to the
pond. It is assumed that the excessive flows would then be bypassed to the river directly. Table 30 summarizesthe
results of these analyses.

Table 30. Evaluation of Alternative By-pass Flows Around Proposed Airport Pond

bypass cutoff peak stage hrs >10 ft hrs >11 ft max size %SS reduc
none 13.8 ft. 2.5hrs 1.7 hrs 19.3 mm 75
500 cfs 11.7 2.2 1.2 15.5 79
400 11.2 2.0 0.7 14.2 81
350 10.9 1.8 0 135 82
300 10.6 15 0 12.6 83
200 10.0 0 0 6.8 85

Therefore, all flows greater than 200 cfs should be diverted around the pond to keep it from exceeding the 10 ft pond
elevation (giving a one foot freeboard), while al flows greater than 350 cfs should be diverted around the pond to
keep it from over-topping the 11 ft. roadway elevation.

A conservative estimate isthat a“typical” 0.7 inch rain (having aduration of about 6 hrs) may produce a peak
runoff of about 200 cfs, depending on the rain intensity variation during therain. Similarly, a1 inch rain (again with
aduration of about 6 hrs) may produce a peak runoff rate of about 350 cfs. The 0.7 inch rain (or greater) occurs
about 10 times ayear (based on an analysis of 38 years of Minneapolis-St. Paul airport rainfall data), whilethe 1
inch rain (or greater) occurs about 5 times ayear. Asindicated above, the by-passes are for only portions of these
events, not for the whole events. Very little of the runoff volume would be by-passed during rains close to these
“cutoff” rains, but larger portions of larger events would be bypassed.
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As shown on Table 31, about 95% of the annual runoff volume (would vary due to actual rain durations) would pass
through the pond with a 200 cfs bypass. This assumes that the first 200 cfs of all events would pass through the
pond, and the excess flows would be diverted around the pond untreated. This estimate assumes about 80% of the
maximum volume cal culated using a constant 200 cfs flow rate and the runoff duration would be treated in the pond.
This decreaseis due to delaysin therising limb and extended recession limbs of the inflow hydrographs (the
geometry of theinflowing hydrograph would truncate the upper corners of the assumed rectangular hydrograph if
using a constant 200 cfs flow for the total event duration). The water passing through the pond would receive good
treatment, as noted elsewherein this report (likely greater than 80% SS reduction, even using the “worst-case” type
[l hydrograph for the largest events).

Table 31. Amount Treated by Pond, with By-Pass (First 200 CFS of Each Event Treated in Pond)

Rain Approx. Potential Volume Runoff Volume Volume % of % of Annual % of Average Incremental
Depth Runoff Treated in Pond Depth Bypassed Treated Runoff Runoff Annual % Amount of

(in) Duration for this Duration for this (ac-ft) in Pond Treated Volume for Runoffin Treated Runoff
(hrs) (acre-ft)! Rain (ac-ft) in Pond this Rain Range? in Range Treated in

(ac-ft) Depth, and Range

Less

0.09 2 26 1 0 1 100 1 1.0 100 1.0
0.17 3 40 5 0 5 100 5 4.0 100 4.0
0.24 3 40 8 0 8 100 10 5.0 100 5.0
0.38 6 79 14 0 14 100 20 10.0 100 10.0
0.44 6 79 17 0 17 100 25 5.0 100 5.0
0.49 6 79 20 0 20 100 30 5.0 100 5.0
0.67 6 79 27 0 27 100 40 10.0 100 10.0
0.81 6 79 35 0 35 100 50 10.0 100 10.0
1.04 6 79 45 0 45 100 60 10.0 100 10.0
1.32 6 79 57 0 57 100 70 9.9 100 9.9
1.45 6 79 64 0 64 100 75 5.0 100 5.0
1.65 6 79 76 0 76 100 80 5.1 100 5.1
1.96 10 132 94 0 94 100 85 5.0 100 5.0
2.28 10 132 112 0 112 100 90 4.9 100 4.9
24 10 132 118 0 118 100 91 1.2 100 1.2
251 10 132 125 0 125 100 92 0.9 100 0.9
2.72 10 132 137 5 132 97 93 12 98 12
3.01 10 132 155 22 132 85 94 11 91 1.0
3.13 10 132 161 28 132 82 95 0.8 84 0.7
38 10 132 198 65 132 67 96 14 75 1.0
3.89 10 132 204 71 132 65 97 0.5 66 0.3
7.35 15 198 490 292 198 40 98 1.2 53 0.6
10 15 198 808 609 198 25 100 2.0 33 0.7
sum: 97

*at 80% of maximum potential due to geometry of inflow hydrograph truncating upper corners of rectangular hydrograph

2 petween rain depth and next smaller rain depth

Short-Circuiting Factor Effects
The Hazen equation illustrates how DETPOND considers “short-circuiting”. This method is based on a specific
volume of water passing through the pond faster than the average residence time, providing less treatment. Short-
circuiting is calculated assuming hypothetical pondsin series: little short-circuiting is possible if many ponds are
connected in series, while more will occur when few ponds are connected. The main effect of short-circuiting is an
increase in the number of large particles that may pass through apond. Table 32 summarizes multiple eval uations of
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the proposed airport pond for different short-circuiting factors. The following list summarizes the observations from
these analyses:

- short-circuiting increases the discharge of large particles, but with relatively small increasesin suspended
solids discharges.

- the effects of short-circuiting are worse for larger events (and for smaller ponds). The worst reduction in
SSreductionswas for the very large 10 inch rain, where the theoretical SS removal was 59%, while the SS removal
for very poor short-circuiting conditions (n=1) was reduced to about 56%.

- the elongated pond shape and the isolated inlets and outlets are expected to result in apond with little
short-circuiting.

- thelargest particle sizes discharged for very good short-circuiting conditions (n=8) is about 9 um for 0.25

inch rains, about 13.5 mmfor 0.7 inch rains, 22 mm for 1 inch rains, and 34 mm for 2 inch rains. Again, few of these
large particles would actually be discharged.
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Table 32. Effects of Different Short-Circuiting Factors on Pond Performance

Event Exceedence Rain Rain Inflow  Maximum Flushing Peak Max. part. Flow- Percent Max. part. Percent SS Max. PercentSS Max. part. Percent
percentile frequency depth duration volume pond stage ratio reduction Size weighted suspended Size trapped removed part. removed Size SS
(#lyr) (in) (hrs) (ft3) (ft) factor trapped part. Size solids removal (n=8) (n=8) Size (n=3) trapped removed
(theoretic  (theoretical) (theoretical) trapped (n=1) (n=1)
al) (n=3)
1 107 0.01 1 613 5.01 0 1 0 0 100 0 100 0 100 0 100
5 103 0.01 1 613 5.01 0 1 0 0 100 0 100 0 100 0 100
10 97 0.01 1 613 5.01 0 1 0 0 100 0 100 0 100 0 100
20 86 0.02 2 2,450 5.02 0 1 0 0 100 0 100 0 100 0 100
30 76 0.03 2 5,510 5.04 0.01 1 0 0 100 0 100 0 100 0 100
40 65 0.06 2 22,400 5.14 0.03 1 0 0 100 0 100 0 100 0 100
50 54 0.10 3 72,700 5.43 0.10 0.97 0.2 0.1 100 0 100 0 100 0 100
60 43 0.16 3 185,000 5.97 0.26 0.92 1.3 0.9 99.7 0 100 0 100 0 100
70 32 0.25 3 357,000 6.58 0.50 0.81 2.5 1.8 97.1 9 97.6 13.5 97.1 175 95.0
80 22 0.40 6 678,000 7.41 0.95 0.64 4.1 3.0 93.7 9 94.3 13.5 93.7 175 91.1
90 11 0.69 6 1,270,000 8.4 1.77 0.46 6.1 4.5 90.1 13.5 90.7 22.0 89.9 175 86.4
95 5 1.05 6 2,020,000 9.24 2.82 0.30 8.4 6.2 86.2 22.0 87.2 33.8 86.2 380 82.1
99 1 1.99 6 4,140,000 10.66 5.78 0.16 12.7 9.7 78.2 33.8 80.5 55.0 79.2 380 74.7
100 0 10 6 35,100,000 25.34 49.04 0.12 26.9 235 59.0 92.0 62.7 175 61.3 2000 56.4
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Sizing and Performance of Airport Wet Detention Pond Based on Simple Design Criteria

Asacomparison to the preliminary pond design, an airport wet detention pond was sized based on simple guidance,
ignoring actual site constraints. The performance of this pond was also evaluated using 38 years of airport rainfall
data.

Thefirst criteriain sizing a detention pond for water quality is to provide a surface area equal to about 3% of the
paved drainage areain order to control particleslarger than about 5 mm. For the airport site, 353 acres of pavement
will drain to the pond, along with 622 acres of sandy soil pervious areas and 210 acres of pavement that is drained
through surface swales across the sandy soil. Because of the high rate of infiltration of the sandy soil, the pond can
be sized only for the directly connected paved area. Therefore, the optimal pond design would include a permanent
pond surface area of about 10.6 acres.

The second criteriain sizing apond isto provide a“live” storage volume equal to the runoff volume associated with
arain of about 1.25 inchesin depth. Figure 64 isaplot of the estimated runoff volumes (in acre-ft) associated with
different rain depths. This plot was produced using DETPOND output data for almost 4,000 rains ranging from 0.05
to 10 inches and for the tributary areas shown above. This plot shows that arainfall of 1.25 inches would produce
about 55.6 acre-ft of runoff. Table 33 lists the resulting side slopes associated with different pond depths.

Table 33. Side Slope Calculations of Full-Size Airport Pond

Depth (above Pond area at Resulting side
the normal this depth slope of pond
water elevation)

2 ft. 46 acres 0.5%

3 27 13

4 17.0 3.9

5 11.7 25

In order to construct a pond having this volume, normal surface area, and a side slope of about 4%, the live storage
pond depth above the normal water level would be about 4 feet. The surface area at 4 ft above the normal pond
surface would therefore be about 17 acres.

Thefinal criteriain sizing awet detention pond is to select the outlet devicesto provide at least 5 nm control at all
pond stages. The critical settling velocity of a5 mm particleis about 1.3 x 10 ft/sec. The maximum outlet discharge
isequal to thisvelocity times the surface area (the surface overflow rate). Several choices are possible with this
pond, including: asingle 90° v-notch weir, two 60° v-notch weirs, a5 ft. sharp-crested rectangular weir (alittle too
large), or two 36 inch vertical drop structures. Table 34 summarizes these outfall options.

Table 34. Alternative Discharge Devices for Full-Size Airport Pond

Stage above Pond areaat Maximum Discharge for Total Discharge for Total

lowest invert this stage allowable asingle 90° dischargefor asingle5ft. discharge for
discharge at  v-notch weir two 60°v- sharp- two 36" drop
this stage for notch weirs crested structures
5 mm control rectangular

weir

0 ft 10.6 acres 60 cfs 0 0 0 0

1 12.2 69 25 2.8 16 14

2 13.8 78 14 16 43 56

3 154 87 39 56 80 84

4 17.0 96 80 92 110 84

The 60° v-notch weirs provide the best solution because they are the closest fit at the 4 ft stage, while providing
substantially better performance at lower elevations than the rectangular weir or the drop structures.
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In addition to these “water quality” discharges, another spillway needs to be provided for rarer events that may not
be contained within these outlet devices. A rectangular weir 7.8 ft long and 2.5 ft high extending from the 4 ft stage
(above the normal water surface) was included in the preliminary design and was therefore used for this design. In
addition, aroad crossing provides another emergency spillway for rare storms.

This pond design was evaluated using the rain history (3997 separate events) from the 38 year period from 1952
through 1989. Table 35 summarizes the performance of this hypothetical pond, for comparison to the proposed pond
design. Thislarger pond provides a flow-weighted control for particles greater than 2.2 nm. For the “midwest”
particle size distribution, this corresponds to an approximate flow-weighted suspended solids control of about 96%.
Using the“low” particle size distribution, this would correspond to an approximate flow-wei ghted suspended solids
control of about 85%, and using the “high” particle size distribution, this would correspond to an approximate flow-
weighted suspended solids control of about 99%. Particles larger than 5 nm (at least) would be theoretically trapped
in the pond whenever the surface water elevation was below the rectangular weir. If the pond water elevation was
near the invert of the v-notch weirs, then the particle size control would be much better. Similarly, whenever the

pond water level iswithin the rectangular weir, particles larger than 5 mm would be discharged. Of course, it is

likely that some particleslarger than 5 mm would be discharged at lower pond surface elevations due to potential
short-circuiting. As shown previously, with large short-circuiting (not expected with the elongated design of the
pond) the discharge of some large particles would occur, but the pond suspended solids control isonly reduced by a
small amount. Thislarger pond therefore has arelatively large marginal improvement over the proposed pond

design (96% vs. 88%), but at about three times the area. However, thislarger pond is not suitable for the site because
of limited available space at the airport.
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Table 35. Pond Performance Summary for 38 Year Rain Series for Large Pond Design

Rain Rain Interevent Rain Maximum Minimum Event Event Event Event total Flow - Approximate Peak Event
depth  duration duration intensity pond stage pond stage inflow hydraulic evaporation outflow weighted suspended reduction flushing
(in) (hrs) (days) (in/hr) (ft) (ft) volume outflow outflow (ac-ft) particle size solids factor ratio
(ac-ft) (ac-ft) (ac-ft) controlled control (%)
(mm)

number 3997 3997 3997 3997 3997 3997 3997 3997 3997 3997 3997 3997 3492 3997

total 1033 24829 10648 40016 38854 1113 39967

% flow out 97.22 2.78
num avg 0.26 6.21 2.66 0.05 5.99 5.34 10.01 9.72 0.28 10.00 0.60 99.27 0.76 0.35
fl wt avg 2.24 95.82

median 0.10 4.00 1.46 0.02 5.70 5.29 1.67 2.83 0.13 3.14 0.20 100.00 0.83 0.06
min 0.01 1.00 0.00 0.00 4.95 4.79 0.01 0.00 0.00 0.01 0.00 72.10 0.00 0.00
max 10.00 79.00 34.31 1.67 20.46 6.75 807.71 804.65 3.10 805.15 12.90 100.00 1.00 28.51
st dev 0.43 6.9 35 0.081 0.89 0.22 24 23 0.37 23 0.87 1.8 0.21 0.84
Ccov 0.59 0.90 0.76 0.58 6.7 24 0.42 0.43 0.76 0.44 0.69 56 35 0.42
1% 0.01 1 0 0 5.10 5.01 0.014 0.021 0.005 0.045 0 92.2 0.08 0
5% 0.01 1 0 0.01 5.17 5.10 0.014 0.091 0.013 0.143 0 95.2 0.30 0
10% 0.01 1 0 0.01 5.22 5.13 0.014 0.182 0.021 0.260 0 97.4 0.44 0
20% 0.02 1 0.13 0.01 5.31 5.17 0.056 0.459 0.043 0.598 0 99.1 0.59 0.002
25% 0.03 2 0.24 0.01 5.36 5.19 0.123 0.681 0.054 0.847 0 99.7 0.65 0.004
30% 0.03 2 0.41 0.01 5.42 5.21 0.129 0.950 0.067 1.13 0.1 99.9 0.70 0.005
40% 0.06 3 0.88 0.02 5.54 5.25 0.506 1.69 0.096 1.96 0.1 100 0.77 0.018
50% 0.10 4 1.46 0.02 5.7 5.29 1.67 2.83 0.134 3.13 0.2 100 0.83 0.059
60% 0.16 5 2.16 0.03 5.9 5.33 424 4.78 0.195 5.08 0.4 100 0.87 0.15
70% 0.25 7 3.08 0.04 6.16 5.39 8.36 7.69 0.293 8.10 0.6 100 0.91 0.29
75% 0.31 8 3.72 0.05 6.35 5.43 10.9 101 0.356 104 0.9 100 0.92 0.38
80% 0.40 10 4.46 0.06 6.53 5.47 15.1 13.0 0.442 135 1.2 100 0.94 0.53
85% 0.50 12 5.48 0.08 6.78 5.53 20.0 17.4 0.556 17.8 14 100 0.95 0.70
90% 0.69 15 6.93 0.11 7.11 5.61 29.1 26.2 0.708 26.4 1.8 100 0.96 1.00
91% 0.74 15 7.32 0.12 7.23 5.63 30.8 28.3 0.766 28.6 1.9 100 0.96 1.08
92% 0.78 16 7.77 0.13 7.32 5.66 33.6 311 0.826 31.6 2 100 0.97 1.18
93% 0.88 17 8.27 0.14 7.45 5.69 37.9 35.1 0.889 35.5 21 100 0.97 1.34
94% 0.96 18 8.86 0.15 7.63 5.72 41.4 39.0 0.944 39.5 2.2 100 0.97 1.46
95% 1.05 20 9.67 0.17 7.75 5.77 46.1 42.8 1.00 43.1 2.4 100 0.97 1.62
96% 1.16 22 10.63 0.19 7.97 5.82 51.8 47.9 1.08 48.2 2.6 100 0.98 1.82
97% 1.30 24 11.93 0.22 8.17 5.89 57.8 56.2 1.19 56.8 2.8 100 0.98 2.04
98% 151 27 13.07 0.27 8.47 5.96 69.0 65.4 143 65.5 3.1 100 0.98 2.43
99% 1.99 32 15.85 0.37 8.92 6.11 93.8 87.3 1.85 87.6 3.6 100 0.99 3.31
99.50% 2.32 38 19.28 0.46 9.72 6.25 112. 109. 221 110. 4.4 100 0.99 3.96
99.90% 3.65 48 24.69 0.89 10.86 6.59 192. 181. 2.74 181. 5.6 100 0.99 6.81
100% 10.00 79 34.31 1.67 20.46 6.75 807. 804. 3.10 805. 12.9 100 1.00 28.5

10-149



Suggested Pond M odificationsto Enhance Performance

The following discussion presents some suggestions to further enhance the performance of the proposed wet
detention pond at the Minneapolis-St. Paul International Airport. The most important enhancements relate to special
winter operations, where the pond water level should be drawn down during the winter to isol ate the sediments by
ice from snowmelt that may otherwise flow under the ice. This would also increase the effective storage volume for
snowmelt and provide additional storage for winter runoff that may be contaminated by de-icing compounds. This
would allow the winter runoff to be pumped to separate facilities for treatment of the de-icing compounds.

Another suggested enhancement would be to add a capability for surface aeration to the pond. Thiswould increase
mixing during interevent periods to reduce stratification, increase photo-degradation of toxicants, and provide an
excess of dissolved oxygen (especially important considering the very high BODs of common de-icing compounds
that may enter the pond). Aeration could be used intermittently, depending on the pond conditions.

A subsurface outlet would enhance floatable control and would minimize icing problems. The outlet pipe should be
located near the bottom of the pond, but on a sealed surface to minimize scour. The outlet pipe would then be
connected to alarge subsurface box where the outlet control weir islocated. This box would also be outfitted with
lower outlet controls for winter operation and for complete drainage of the pond for any required maintenance.

It is strongly suggested that afore-bay beinstalled near the pond inlet to minimize the area where most of the
sediment would accumulate. The areafor the fore-bay should be between 10 and 20% of the total pond area and be
separated from the main pond by a subsurface weir/dam (located below the low winter operational pond level).
Special access provisions should be provided adjacent to this areato enable easy accessto dredging equipment.

Theinlet leading to the pond could also be provided with chemical feed facilitiesto allow chemical treatment under
severe conditions. The use of alum has been shown to be problematic in northern areas where pH and buffering
capacity of the water may be low, causing aluminum toxicity. However, alum is easy to apply and the floc can be
discharged into the pond whereit isrelatively stable. Ferric chloride is generally a superior coagulant for
stormwater, especially in northern areas, allowing the faster formation of a more stable floc that settles much more
rapidly than an alum floc. Unfortunately, aferric chloride floc becomes unstable under anaerobic conditions, which
may occur near the sediment interfacein awet detention pond. Therefore, ferric chloride flocs are usually removed
before discharge. It may be possible to capture most of the floc in the recommended fore-bay, and to ensure aerobic
conditions there through the use of aeration in that area.

Finally, there are special recommendations for the use of wet detention ponds at airports that need to be addressed.
These have to do with aircraft safety, especially by not providing an attraction to birds. Heavily vegetated perimeters
of apond generally decrease the pond’ s attractivenessto geese, but they also provide habitat to other wildlife and
are not recommended by the FAA. The linear shape of the proposed pond meetsthe FAA’s recommendations, but it
isawet pond, whereas they recommend dry ponds. Unfortunately, dry ponds do not provide adequate water quality
treatment. They also recommend steep sides that are rip-rap lined, with minimal vegetation to discourage wildlife.

The nearby location of the Valley National Wildlife Refuge and Meadow Lake may make this proposed wet

detention pond much less attractive to wildlife than if it was the only body of water in the region.

Special | ssues Associated with Wet Detention Ponds at Airports

The FAA published an Advisory Circular (No. 150/5200-33) on May 1, 1997 discussing hazardous wildlife
attractants on or near airports. They list the wildlife that have been involved in damaging collisions with civilian
aircraftinthe U.S. in 1993 — 1995. Waterfowl were involved in 28% of the collisions and wading birds were

involved in another 3%. Because of this, they are concerned about land use practices on and near airports that may
attract waterfowl. The recommended distance between an aircraft’s movement areas, loading ramps, or aircraft
parking areas and any wildlife attractantsis 10,000 ft for airports serving turbine-powered aircraft, and 5 milesif the
wildlife attractant may cause hazardous wildlife movement across or into the approach or departure airspace.
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They recommend that artificial marshes (wetland treatment systems for wastewater) not be located within these
separation distances. They also recommend against the discharge of wastewater to unpaved airport areas, as the
resultant soft or muddy conditions can severely restrict or prevent emergency vehicles from reaching accident sites
in atimely manner. These inconpatible land uses specifically deal with wastewater treatment facilities and not to
stormwater. However, the issues may be similar. Obviously, many airports utilize grass swales to drain airport
pavement areas. It isimperative that these swales are designed to minimize standing water and provide good
infiltration conditions. Longitudinal infiltration trenches along the swal€’ slengths, or at |east intermittent infiltration
areas, could be provided to ensure adequate drainage in these areas. Wetland treatment of airport runoff may also be
of concern.

The FAA also listsland uses that may be compatible with safe airport operations, specifically addressing stormwater
dry and wet detention ponds. In general, the FAA does not consider these activities to be hazardousto aviation if
thereis no apparent attraction to hazardous wildlife, or wildlife hazard mitigation techniques are implemented to

deal effectively with any wildlife hazard that may arise. They state that both dry and wet detention ponds control
runoff (anecessary activity for safe aircraft operations), but also can attract hazardous wildlife. To best control
hazardous wildlife, the FAA recommends using steep-sided, narrow, linearly-shaped, rip-rap lined dry detention
ponds rather than wet detention ponds. Whenever possible, these ponds should be placed away from aircraft
movement areas and that all vegetation in or around dry or wet detention ponds that provide food or cover for
hazardous wildlife be eliminated. They also state that if soil conditions permit, the use of underground stormwater
infiltration systems, such as French drains or buried rock field be used because they are less attractive to wildlife.

DETPOND Input Filefor Proposed Minneapolis Airport Wet Detention Pond

Pond file name: K:\WDP71\AIRPORT.PND

Pond file description: basic Minn/St Paul airport file

Particle Sizefilename: K\WDP71\MIDWEST.CPZ

Output Format Option: Water Quality Summary: One Line per Event
Output device: Print Output to File (extension .DPO)

Date: 06-29-1999

Drainage Basin Runoff Procedure:
Combined Surface Characteristics
1. All directly connected impervious areas (acres): 353
2. All pervious areas (acres). 622
3. All impervious areas draining to pervious areas (acres): 210

Outlet Characteristics:
Outlet number 1
Outlet type: V - Notch Weir
1. Weir angle (degrees): 90
2. Weir height from invert: 6
3. Invert elevation above datum (ft): 5

Outlet Characteristics:
Outlet number 2
Outlet type: Rectangular Weir
1. Weir length (ft): 7.8
2. Weir height frominvert: 2.5
3. Invert elevation above datum (ft): 8.5

Outlet Characteristics:
Outlet number 3
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Outlet type: Evaporation
Month Evaporation
Number (in/day)

01

01

.03

.06

|

A3

18

18

14

1

04

01

Initial stage elevation (ft): 5
User defined pond efficiency factor (n): 5

Pond Stage, Surface Area, and Stage-related Outfall Devices (if applicable)
Entry Stage PondArea Natural Seepage Other Outflow

Number (ft) (acres) (in/hr) (cfs)
0 000 0.0000 0.00 0.00
1 100 3.0500 0.00 0.00
2 200 33500 0.00 0.00
3 300 36500 0.00 0.00
4 400 4.0000 0.00 0.00
5 500 4.4000 0.00 0.00
6 6.00  4.8000 0.00 0.00
7 700 52000 0.00 0.00
8 800 5.6500 0.00 0.00
9 900 6.1500 0.00 0.00
10 1000 6.6500 0.00 0.00
1 11.00 7.2000 0.00 0.00

Rain Information

Rainfilename: K:\wdp71\MINN5289.RAN
Rain starting date : 01/09/52
Rain ending date : 12/31/89

DETPOND Output Filefor Proposed Minneapolis-St. Paul International Airport Wet Detention Pond (1952—
1989)

Design Suggestions for I n-Receiving Water Detention

A preliminary investigation to estimate the level of stormwater control that may be possible by using the flow
balancing method (EquiFlow?) at Waller Creek in Austin, TX, was conducted by Pitt (1995b). The FBM technology
has been in use in Sweden for several decades for the control of stormwater (Pitt and Dunkers 1992 and 1993; and
Pitt 1995). It has recently also been demonstrated in the U.S. for CSO control in New Y ork City (Forndran, et al .
1991; Field and Pitt 1994a and 1994b; Field, et al. 1994; and Field, et al. 1995).
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The FBM is constructed using a series of pontoons forming multiple cellsin awaterbody. Weighted PV C curtains
hang from the pontoons containing the stormwater that enters the FBM from the stormwater discharge location. The
curtains divide the FBM into multiple cells that are interconnected by openings. In freshwater applications, the
polluted stormwater moves through the FBM in plug flow, passing through successive compartments until its
discharge into the receiving water.

Some FBM facilities are connected to atreatment facility on-shore for high levels of phosphate removal using ferric
chloride precipitation (Pitt 1995). However, the FBM alone is capable of acting like a stormwater wet detention
pond, with similar removalsfor particulate pollutants. New concepts for the FBM use wetland cells for increased
passive removal of nutrients (Fresh Creek Technologies, West Caldwell, NJ, personal communication). The FBM
can therefore be evaluated using conventional wet detention pond procedures (Pitt 1993aand 1993b).

In this example design, the maximum surface area of the FBM islimited by (1) a maximum width of 1/4 of the

width of Town Lake and (2) the length is restricted by the closest upstream and downstream major stormwater
outfalls from other watersheds. In addition, the FBM must be compatible with the rowing club operations near the
creek outfall.

The preliminary planisfor asix cell FBM extending from alocation just downstream from an existing 30 inch

storm drain from the downtown area to alocation just upstream from an existing 72 inch storm drain from a

highway. The upper cell would capture flow from the proposed Waller Creek bypass and would then join the
remainder of the Waller Creek discharge in the second cell. The creek stormwater would then flow through cellsC
through F before final dischargeinto Town Lake. Thefinal four cells (C, D, E, and F) can be wetland cells providing
additional treatment, compared to simple sedimentation. The maximum overall length of the FBM system that could
be used (without accepting additional flows) istherefore about 4,000 feet, with five dividing pontoons sections, each
about 300 feet long. The maximum total pontoon and curtain length would therefore be about 5,500 feet.

This FBM has a maximum surface area of about 23 acres. The depth in the FBM (at normal Town Lake levels) isas
deep as about 10 feet, with an average depth assumed to be 4.25 feet. The maximum FBM volume is therefore about
100 acre-feet, or 30 million gallons. A very rough estimated turnkey cost for this FBM would be about $1.5t0 2.0
million, including wetland planting in about 15 acres.

Cell A isadjacent to the rowing club location. This cell (and possibly cell B) would be usable as small craft areas. A
short section of the outer curtain at these locations could be supported by barely submerged floats allowing small
boatsto passinto Town Lake. The pontoons would also provide protected small areas, about 600 feet long and about
150 feet wide. In addition, the pontoons could act as floating walkways as part of the shoreline recreational area.

The flowsin Town Lake are summarized in Table 36. These worst-case flow rates were estimated from Town Lake
cross sections in the Waller Creek area and from Corps of Engineerswater depth and discharge data. The Town

L ake cross-sectional areas have the estimated FBM cross-sectional areas subtracted. It is expected that the FBM can
withstand all of these flows, with the possible exception of the 500-year event (at 13 ft/sec). In cases of excessive
flowsin the Colorado River through Town Lake, the FBM would rise with the lake water, with the curtains lifting

off the lake bottom and ballooning towards shore, asthe river currents require. The FBM would therefore have
minimal affects on flood flows as the pontoons and curtainsrise in the water with increasing water depths and will
balance water on both sides of the curtains (e.g.: Flow Balancing Method).

Table 36. Expected Town Lake Water Velocities

Return Discharge Town Lake FBM Cross- Net Cross- Velocity
Period (CFS)* Cross-Sectional Sectional Area Sectional (ft/sec)
Area (ft?) (ft?) Area (ftZ)e
1-year 16,000** 6,600 640 6,000 3
10-year 38,700 9,000 1,300 8,000 5
50-year 78,650 14,000 2,700 11,000 7
100-year 102,100 16,000 3,300 13,000 8
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500-year 240,000 23,000 5,200 18,000 13
* U.S. Army Corps of Engineers, Travis Co. FIS, March 1979.
** The average of the observed instantaneous peak discharges for each year from
1981 through 1994.
*** Estimated cross-sectional area of Town lake near Waller Creek after
subtracting FBM cross-sectional area.

Waller Creek flows are also of interest because they affect the force applied to the FBM curtain opposite the
discharge location and the amount of water discharged determinesthe level of stormwater treatment obtainable.
Table 37 summarizes these expected flows at the mouth of Waller Creek. The 1-year discharge may be very roughly
estimated to be about 40% of the 10-year value, based on the ratio of the reported dischargesin Town Lake. The
high flow rates for the smaller eventswill likely be dissipated near the mouth of the creek, but the design of the
FBM will need to consider these high flow rates.

Table 37. Waller Creek Flows at Confluence with Town Lake

Return Period Discharge (CFS)* Cross-Section Area  Velocity
(ft%) (ft/sec)
10-year 5,444 500 11
25-year 7,035 1,000 7
100-year 9,424 1,625 6

* 3-hour duration design storms for the City of Austin

The most significant factor affecting wet detention pond performanceis the surface of the pond compared to the
drainage area. Thisratio isasurrogate for the runoff volume expected and the volume of the pond. Table 38 shows
the land usesin the Waller Creek watershed and the expected annual runoff volume. Waller Creek is unusual in that
the educational land use (the main campus of the University of Texas) comprises the largest flow contributor (about
32%). The single family residential areais next, at about 25%. It is expected that the 31.5 inches of rainfall at Austin
falls during about 400 hours.

Table 38. Land Uses and Annual Runoff for Waller Creek

Land Use Area Estimated Annual Runoff Percent of

(acres) Annual Rv Volume Annual Runoff
(acre-ft)*

Vacant/Undeveloped 77 0.1 20 0.5

Park 127 0.1 33 0.8

Single family residential 1358 0.3 1100 25

Multiple family resid. 234 0.4 250 6

Office 247 0.5 330 8

Commercial 416 0.5 550 13

Industrial 146 0.6 230 5

Major roadways 180 0.85 400 9

Utilities 9 0.5 12 0.3

Civil/educational 866 0.6 1400 32

Water 2 1.0 6 0.1

Total 3662 4300 100

* assuming an annual rainfall of 31.5 inches.

Table 39 shows the recommended “wet detention pond” surface areafor Waller Creek for two levels of control. The
5mm level (practically all particles having greater settling rates than 5 mm particles would be trapped) corresponds

to asuspended solids control of about 90% for stormwater, while the 20 mm level corresponds to a suspended solids
control level of about 65%. Table 40 shows estimated control levelsfor other pollutants for these two surface areas.
These values do not include any additional control associated with the establishment of awetland system within the
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FBM. The use of wetland attributes can be expected to increase the removals of most of the pollutants during the
active growing season. The maximum available surface areafor the FBM (about 23 acres) indicates that the 20 mm
level of control may be areasonable expectation for this proposed installation (65% control for suspended solids,
40% for COD, BODS5 and phosphorus, and 60% for |ead and copper, with increased control levels during the active
growing season associated with the wetland cellsin the FBM). A small suction dredge would have to be periodically
used to remove the captured sediments from the FBM.

Table 39. Recommended Wet Pond Surface Areas

5 mm control 20 nm control

Land Use Area % of area Area (acres) % of area Area
(acres) (acres)

Vacant/Undeveloped 77 0.6 0.46 0.2 0.15
Park 127 0.6 0.76 0.2 0.25
Single family residential 1358 0.8 11 0.3 4.1
Multiple family resid. 234 0.8 1.9 0.3 0.7
Office 247 1.7 4.2 0.6 15
Commercial 416 1.7 7.1 0.6 25
Industrial 146 2.0 29 0.8 12
Major roadways 180 2.8 5.0 1.0 1.8
Utilities 9 17 0.15 0.6 0.05
Civilleducational 866 17 15 0.6 5.2
Water 2 0 0 0 0
Total 3662 1.3 48 0.5 17

Table 40. Estimated Pollutant Control for Two Surface Areas

Pollutant 5 mm control 20 nm control
(48 acres) (17 acres)

Suspended solids 90 % 65 %

COD 50 40

BODs 50 40
Phosphorus 50 40

Nitrate 50 40

TKN 40 25

Lead 80 60

Copper 80 60

Zinc 50 40

Another method of predicting the FBM performance is by examining settling profilesin the cells. The annual peak
instantaneous flow rate through the FBM from Waller Creek is expected to be about 1.3 ft/sec (associated with a
discharge of about 2200 CFS, or about 40% of the 10-year discharge rate of 5444 CFS, with an FBM cross-sectional
areaof about 1625 ft). The annual average wet-weather flow rateis only expected to be about 0.1 ft/sec through the
FBM cells. Table 41 shows the expected worst-case particle sizes controlled by plug flow conditions, while Table 42
shows the annual average flow particle settling conditions. The 100 ft. flow length corresponds to an area near the
outfall within thefirst cell, while the 500 ft. flow length is approximately after thefirst cell. Thefirst cell near the
discharge location (either the bypass or the natural creek confluence) would therefore result in about a 70 percent
suspended solids reduction for average flow conditions, degrading to about 40 percent for peak annual flows. These
tables show that the use of all six cellswould result in levels of control similar to the levels predicted previously
using the surface arearatio values. An FBM system half aslong as the six-celled unit shown here would cost much
less, interfere lesswith Town Lake activities, and provide about 85% of the pollutant control asthe full length
version. It was recommended that this smaller unit beinitially constructed and monitored as a demonstration
facility. If the performance is as expected and additional control is desired, then the facility can be expanded.
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Table 41. Annual Peak Flow (Worst Case) Particle Settling in FBM*

Flow Length Travel Time Critical Particle Critical Particle Approx.
(feet) (minutes) Settling Rate Size (mm)** Suspended
(cm/sec) Solids
Control (%)
100 1.3 1.7 150 20
500 6.4 0.34 60 40
1,000 13 0.17 55 50
2,000 25 0.087 35 55
3,000 38 0.057 25 60
4,000 50 0.043 20 65
* assuming an average FBM depth of 4.25 feet and a velocity of 1.3 ft/sec.
** assuming particles have a specific gravity of 2.65 and are spherical.
Table 42. Annual Average Flow Particle Settling in FBM*
Flow Length Travel Time Critical Particle Critical Particle Approx.
(feet) (minutes) Settling Rate Size (mMm)** Suspended
(cm/sec) Solids
Control (%)
100 21 0.10 40 45
500 100 0.021 15 70
1,000 210 0.011 12 75
2,000 415 0.0054 7 80
3,000 620 0.0035 6 85
4,000 830 0.0026 5 90

* assuming an average FBM depth of 4.25 feet and a velocity of 0.08 ft/sec.
** assuming particles have a specific gravity of 2.65 and are spherical.

Thelarge size of the Waller Creek watershed (and corresponding large stormwater flows) requires alarge “ end-of-
pipe” treatment device for significant pollutant reductions. The maximum FBM that could be used at the Town Lake
site would have about 23 acres of surface, equivalent to about 0.6 percent of the drainage area. This maximum sized
FBM is expected to control suspended solids at the 65% level for the peak one-year flow conditions and at the 90%
level for the average annual flow conditions. Thefirst cell of the proposed six cell FBM would control at least 20%
of the suspended solids associated with the annual peak flow conditions. The last four cells could have wetland
attributes for much improved pollutant removal s during the growing season.

Retro-fit Examplesfor Providing Water Quality Benefitsin Existing Dry Detention Ponds

Evaluation and Recommended Modificationsto a Small Dry Stormwater Detention Pond
This example analysis, similar to the previousexample for the Brook Highland Plaza pond, was also conducted by
John Easton, a UAB graduate student. This example differsin that it was for asmall dry detention pond at an
apartment complex. The pond was evaluated in its present state, and then modifications were recommended and the
hypothetically modified pond was re-evaluated. The pond is located at Stonecrest at Double Oak Mountain
Apartments, in Shelby, Co., AL.

This detention pond does not meet the general requirements for awell-designed stormwater quality control practice
as summarized previously. Obviously, this detention pond was designed to be adry pond and it is purely for peak
flow rate reductions. It was not intended to provide any water quality benefits. The information used in thisanalysis
was gathered from on-site field evaluations that were limited in scope, as no engineering details were available. The
contributing areawas estimated at 41.4 acres (apartment complex, 26.4 ac, and uphill woodland area, 15 ac).
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This analysis makes suggestions for converting this pond to awet pond, with enhanced water quality benefits.
Because of the cost associated with moving the pond or its outlet structures, the recommended changes only
consider additional excavation below the outlet.

The redesign presented here will include the preferred depth of six feet, requiring excavation from 720 to 714 feet,
and aminimal threefoot ledge at 719 feet. The side slope will be 1:1 from 720 feet to theledge at 719, and also 1:1
from the interior of the ledge to 714 feet. Assuming a prismatic cross-section, the additional wet storage to be
constructed below the 720 feet of elevation is approximately 0.204 ac-ft.

Depth and Criteria

This pond is designed such that the invert of the lowest output deviceislevel with the pond bottom. Thispondis
potentially hazardous as the side slopes are about 1:2. Also, this steep slopeis quite long (approximately 75 feet).
This apartment complex isanew development; the majority of the construction occurred in 1997. Therefore, some
of the landscaping is not complete as yet. There are some shrubs and small trees planted around the perimeter,
however these do not completely surround the pond or form a suitable barrier.

Peak Reduction Factors (PRF)

The pond only slightly reduces the peak outflow rates. The expected 100-year storm’ s runoff rateis reduced from
153 cfsto about 145 cfs, with a peak reduction factor of only 0.05 (corresponding to a 5% reduction of the inflow
hydrograph in the pond). For the 50-year and 25-year storms, the PRFs are 0.06 and 0.07, respectively. Eveninthe
case of the 25-yr storm, the pond exceeds the maximum stage of 633 feet and may cause frequent flooding of the
frontage road. In addition, there is 13 feet of head in the pond when it isfull, producing very high outflow rates,
including about 60 cfs flowing in the emergency spillway. Thisis especially problematic because the water coming
through the spillway flows directly onto Bowling Drive, and Bowling drive is curbed so the water would flow down
the hill and out onto Highway 280. This would be an extremely dangerous situation because the highway has high
volume, high speed traffic.

Upflow and Critical Settling Velocities

The water quality goal for the re-designed pond is approximately 90% total suspended solids (TSS) removal
(maximum upflow velocity, or critical settling velocity) maximum of 0.00013 ft/sec). Even though the re-designed
pond only provides aworst-case upflow velocity of 0.0016 ft/sec, the annual average TSS control for the 1976
typical rain year approaches 86%. The lowest TSS removal is only about 56% during this rain year.

Pond’ s Water Quality Storage

A pond’ swater quality storage should be equal to the runoff associated with 1-%4" rain based on the land use of the
watershed served by the pond. The composite curve number for the apartment complex was calculated to be about
87, while the woodland area had a curve number of 55. Thisyields atotal site composite CN of 75. This 75 CN
corresponds to approximately 0.40 inches of runoff for the 1-1/4 inch rain. Therefore the minimum active pond
storage (between the invert elevation of the lowest outlet and the secondary outlet discharge devices) required
should be aleast 1.4 acre-ft. However, due to limited space, the redesigned pond’ s water quality storageisonly 0.67
acre-ft, less than the minimum recommended area. Even though the annual average TSS removal isreasonable, the
individual event TSS removals vary considerably.

Since this pond is designed to reduce extreme peak inflow discharge rates in addition to providing water quality
improvement, thereis an additional freeboard storage (the volume between the lowest outlet and the top of the dam)
of 2.34 acre-ft in the pond.

Pond’ s Surface Area Requirements

A pond’ s surface area should be sized as a percent of watershed’ s area based on land use and the level of control
desired. The Stonecrest apartment site has residential and woodland land uses. The pond surface area
recommendation is about 0.33 acres, which is close to the mi nimum surface area of the redesigned pond (0.31
acres).
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Other Benefits

In dry weather, the redesigned pond will be available to provide water for emergency fire protection. This pond
should be a pleasing amenity for the apartment residents. The use of appropriate grasses adjacent to the pond may
provide agrassfilter for additional pollutant reduction.

Background Information Related to Site Evaluation

Criteria Used to Estimate Peak Flowrates

The peak inflow hydrograph values were determined by HydroCAD’ s SCS TR-20 methodology. For the site, a SCS
Typelll rainfall IDF curve was selected. Rainfall depths for the 100-year, 50-year, and 25-year storms were
approximately 8.6”, 7.8", and 7.1" respectively. The time of concentration for the watershed was also cal culated
using HydroCAD’ s built-in TR-20 methods; Tc = 24.3 minutes for the apartment complex area, and Tc = 33.8 for
the woodland area.

Land Use, Development, Cover, Soils Type, and CNs

SCS soil maps for the Shelby County were examined, and it was determined that the Stonecrest site consisted of
Nauvoo-Sunlight complex, with 15 to 25 percent slopes, and Townley silt loam, with 12 to 18 percent slopes. The
SCS Hydrologic Soil Groups for these soils are type B and type C respectively. Research conducted at UAB has
shown that development, due to construction disturbances, compaction, and soil mixing, can significantly reduce the
actual infiltration rates from those assumed. Therefore, the curve number assigned to the developed areawas for the
worst case, type D soil. However, the undevel oped woodland area, mostly Nauvoo soil, was assigned a curve
number based upon the type B type. Therefore for the devel oped area of 26.4 acres, acomposite CN of 87 was
assumed (based on 16 acres of residential land use with 1/8 acre lots, SCS soil type D, and 65% impervious cover,
plus the remaining 10.4 acres of open lawns with good grass cover, and type D soil). A curve number of 55 was
assumed for the woodland area of 15 acres, corresponding to woods with good hydrologic condition and type B
soils.

Analysisof Design Storms

HydroCAD ™

The HydroCAD Stormwater Modeling System (version 4.53) was used to analyze the pond for flow behavior during
large design storms. The program does not consider the dead storage below the first outlet, assuming that thisis
awaysfull of water, therefore the hydraulic behaviors of both the existing pond and the redesigned pond are
identical.

The subcatchment component of HydroCAD was used to model the two subcatchments: subcatchment 1 refersto

the 26.4 acres of the apartment complex, and subcatchment 2 consists of the 15 acres of woodland area that drains to
the complex. Thisdata, asinput to the model, is described in Figure 65 and Table 43.
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Elevation v. Surface Area
Stonecrest Dry Detention Pond

0.32

0.28

0.24
0.20 /
0.16

0.12

Surface Area (ac)

0.08

0.04 T
720 721 722 723 724 725 726 727 728 729 730 731 732 733

Water Surface Elevation (ft)

Figure 65. Stage v. Surface Area Curve.

Table 43. Outlet Device Descriptions

# Route Invert Qutlet Devices
1 primary 720 24" culvert

n=0.013, length=185’, slope=0.02 /', Ke=0.5, Cc=0.9
2 to #1 720’ 12" orifice
3 to #1 27 sharp-crested rectangular weir

length=12’, height=8" (square concrete box with cap)
4 secondary 732 10’ broad-crested rectangular weir

emergency spillway

The HydroCAD simulations were made for three SCStype 111 design storm fregquencies. 25-year (7.1"), 50-year
(7.8"), and 100-year (8.6"). Table 44 summarizes the model’ s output for these three storms, showing the
hydrographs peaks and volumes. The most significant contribution to the hydrograph flowing into the pond comes
from the apartment complex area, as expected.

Table 44. Subcatchment Summaries for Design Storms

Subcat # description Design Storm Rainfall Peak Volume
Frequency (in) (cfs) (ac-ft)
1 apartment complex 25-yr 7.1 102.6 10.79
2 woodland 25-yr 7.1 19.13 2.46
1 apartment complex 50-yr 7.8 114.4 12.04
2 woodland 50-yr 7.8 23.59 2.99
1 apartment complex 100-yr 8.6 127.9 13.47
2 w oodland 100-yr 8.6 28.94 3.64

Table 45 summarizes the pond routing calculations. As previously noted, the peak reductions are quite low (5-7%),
and the peak dischargelagisonly 5to 10 minutes. The peak elevation in the pond is higher than the maximum
elevation in the pond, 733 ft. Thisis a dangerous situation because it means that the water is flowing uncontrollably
over the dam. This could damage the emergency spill way and cause erosion of the dam itself. Notice that these
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events occur even at the lowest storm frequency modeled, 25-yr. It would appear that the pond is inadequate for the
amount of runoff generated by these storms.

Replacing the secondary outlet with one that is less restrictive could mitigate the danger of overflowing the pond’s
dam. Thiswould also probably require enlarging the 24" culvert that flows under Bowling Drive, and would worsen
already poor peak flow reduction characteristics of the pond. However, this would decrease the frequency in which
water reaches the emergency spillway, flows out onto Bowling Drive and continues down the hill onto Highway
280. It isinteresting to note that a similar detention pond recently constructed several miles away at a new shopping
center failed, releasing large quantities of water onto Highway 280.

Table 45. Pond Results of HydroCAD simulations

Rain Peak Peak Peak Peak Peak Peak
Design Depth Elev. Storage Qin Qout Qoutlett  Qemerf Atten. Lag
Event (in)* (ft)** (ac-ft) (cfs) (cfs) (cfs) (cfs) (%) (min)
25-year 7.1 733.4 211 118.30 110.20 50.51 59.73 7 8.1
50-year 7.8 733.8 221 134.20 126.10 51.00 75.15 6 7.2
100-year 8.6 734.1 2.31 152.60 144.90 51.59 93.36 5 5.8

* Design storms are type Il 24-hr for Shelby County (SCS methods).
** Flood elevation is at 633 feet.

T Peak flow through the first and second outlets to 24" culvert.

T Peak flow in the emergency spillway (flowing onto Bowling Drive).

DETPOND

Asin the previous example, the 25-year, 50-year, and 100-year hydrographs generated using HydroCAD’s TR-20
methods were used in DETPOND to estimate the TSS removals during these large rains. A comparison of the
hydraulic results from HydroCAD with the DETPOND resultsin Table 46 indicates similar values. Even under
these severe conditions, the pond is removing approximately 50% of the TSS.

Table 46. DETPOND Summary for Design Storms

Storm Max. Max. Max. Max particle size  Avg. Min Particle % TSS
Year Stage Inflow Outflow  discharged (um)  Size Controlled Removed
(ft.) (cfs) (cfs) (um)
25  733.46 118.0 100.1 95.0 26.5 50.8
50 733.96 134.2 118.0 95.0 28.1 48.6
100 734.48 152.6 136.6 95.0 29.7 46.7

AnalysisUsing Actual Long-Term Rainfall Records

DETPOND

DETPOND simulations were conducted using rain files created from the 1976 Birmingham monitoring data, and
also the 1952 through 1989 rain record. There are 23 events, out of atotal of 4,107 in the Bham5289 file, in which
the pond stage rises to the level of the second outlet. Water quality evaluationsin the existing dry pond were not
conducted as they are assumed to be negligible.

Short-term simulations using Bham76. The results of the simulations using the Bham76 file are presented in Table

47. On average, in atypical year, the pond will collect particle sizes 4 mm and greater in size, which represents
approximately 86% TSS control. Thisre-designed pond only contains runoff from a 0.5 inch rain, far short of the
preferred 1-1/4 inch rain recommendation. Even though the average control is a desirable 86%, the worst-case
removals are much less.
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Table 47. Water Quality Output Summary for 1976 Rain File

Statistic

Rain Rain Intrevt Rain Max Flow - Approx. Peak Event
Depth  Duration Duration Intensity Pond weighted Part. Res. Reduction Flushing

(in) (hrs) (days) (in/hr) Stage Particle Control* Factor Ratio

(ft) Size (%)

Mean 0.50 12.01 181 0.04 6.30 4.26 86 0.07 1.75
Std. Dv. 0.75 10.77 2.36 0.06 0.51 4.23 13 0.07 241
cov 151 0.90 1.30 1.48 0.08 0.99 0.16 1.00 137
Min. 0.01 1.00 0.00 0.00 6.00 0.00 57 0.01 0.00
Max. 3.84 45 11.68 0.31 8.84 15.70 100 0.31 9.34

* Approximate Particle Residue Control (TSS).

Figure 66 shows the maximum pond stage, axis labels denote the elevation above the pond bottom (6’ corresponds
to 720" msl elevation, theinvert of thefirst outlet device) versus the percent particle control. There is an expected
trend, the TSS control decreases with maximum stage, i.e., more water flowing into the pond.

Redesigned Pond, Bham76
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Figure 66. Pond Stage v. Particle Residue Control
Figure 67 shows the water quality performance of the redesigned pond (% particulate control) versus the rain depth

in inches and Figure 68 shows water quality performance versusrain intensity. Generally, percent TSS control
decreases as the rain depth, or the rain intensity, increase, as expected.
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Figure 68. Rain Intensity v. Particle Residue Control
Long-term Simulation using Birmingham Rain, 1952-1989. Table 48 contains DETPOND analysis summaries

for the 4,107 rain events that occurred in Birmingham from 1952-1989. With closeto forty years of rains, the
redesigned pond still averages 80% TSS removal.

Table 48. Water Quality Output Summary for 1952-1989 Rain File

Statistic Rain Rain Intrevt Rain Max Flow- Approx. Peak Event
Depth Duration Duration Intensity Pond weighted Part.Res. Reduction Flushing

(in) (hrs) (days) (in/hr) Stage Particle Control* Factor Ratio

(ft) Size (%)

Mean 0.50 6.31 257 0.09 6.65 6.43 80 0.13 191
Std. Dv. 0.75 6.88 3.54 0.11 1.06 491 14 0.10 244
cov 1.50 1.09 1.38 131 0.16 0.76 0.18 0.76 1.28
Min. 0.01 1.00 0.00 0.00 6.00 0.20 48 0.00 0.00
Max. 13.58 93 44.31 1.45 13.73 23.2 100 0.57 9.96

* Approximate Particle Residue Control (TSS).

Design Storm RunsUsing DETPOND

The pond inflow hydrograph from the HydroCAD runs was used as a“ user defined hydrograph” for input into
DETPOND to evaluate the water quality control during these low frequency design storms. The following isthe
output from DETPOND for the 25-year design storm:

25-year Design Event
* This pond stage elevation is higher than the highest control outlet structure (el: 19 ft).

The pond bank is overtopped - increase the size of the emergency spillway.
This stage val ue assunmes outflow is constant and equal to the highest value on the rating curve.
Time increment (mn)= 6 Number of increnents= 363
Rai n depth (in) (N A for user defined inlet hydrograph): 0. 00
Rai n duration (days): 0.42 Event duration (days): 0.51
I nterevent duration (days): 0.00 Inflowrate to pond (cfs): max= 118. 3
Qutflow rate frompond (cfs): mn= 0.0 max= 100.1 tinme weighted ave= 4.4
Net inflow volume (cu ft) - event: 8168 cumul ative: 8168
Total inflow volume to pond (cu ft): 576684
Qutflow volunes (cu ft) - hydraulic: 568516
- seepage: 0
- evaporation: 0
- total outflow 568516
Pond storage above | owest invert (cu ft): max = 93000
Pond storage bel ow | owest invert (cu ft): 8168
Pond stage above datum for event (ft): mn= 1.21 max= 19. 46
Pond surface area for event (sq ft): mn= 1307 max= 14102
Event flushing ratio (total inflow volune/pond storage bel ow invert): 70.61
Upfl ow velocity for event (ft/hr): mn= 0. 000 max= 25. 547
M ni mum particle size controlled (mcrons): fl ow wei ghted aver age= 26.5
Particul ate solids control (percent): mn= 35.8 fl ow wei ght ed average= 45.8
Peak Reduction Factor (PRF): 0.15
*** The | argest ave particle size discharged during any time increment: 38.7 microns
Particle Size Distribution
Per cent of | <=============== Particle Si ze (m Cr()ns) —=—=—===========
Particles Pond Pond Cutfl ow Duri ng Event ====
Lar ger Inflow |<======= User
than Size Duri ng Theoreti cal n=8 n=3 n=1 Defined n
I ndi cat ed Event *oxx n=>5
o > 2000.0 26.5 95.0 95.0 233.3 95.0
10 > 233.3 20.1 22.2 25.0 32.1 23.0
20 > 95.0 16.0 15.8 16.9 20. 3 16.1
30 > 53.3 12. 6 11.9 12. 4 14. 4 12.0
40 > 32.5 10.1 9.2 9.7 11.0 9.3
50 > 21.0 8.0 7.4 7.6 8.4 7.4
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60 > 13.5 6.2 5.6 5.8 6.4 5.7
70 > 9.0 4.7 4.3 4.4 4.7 4.3
80 > 5.7 3.2 2.9 3.0 3.2 2.9
90 > 3.0 1.6 1.5 1.5 1.6 1.5
100 > 0.0 0.0 0.0 0.0 0.0 0.0
Row A: 38.7 95.0 95.0 233.3 95.0
Row B: 26.5
Row C: 45.8 51.2 49.9 45.7 50.8

Row A: Largest ave particle size discharged (mcrons) during any time event
Row B: Fl ow wei ghted average m nimum particle size controlled (m crons)
Row C: Percent particulate solids renoved

Photographs of the Dry Detention Pond at the Stonecrest Apartments
Emergency spillway flowing directly onto Bowling Drive.

Facing north, from left to right: emergency spillway, secondary outlet, primary outlet, large inlet.
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Facing North, dam.
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Retrofit of Dry Detention Pond in Sunnyvale, CA

South San Francisco Bay has a serious heavy metal problem, especially for copper, and numerous methods are being
investigated to reduce the discharges of metals. Woodward Clyde Consultants (1994) conducted aretrofit project for
the Santa Clara Valley Nonpoint Source Pollution Control Program to demonstrate the benefits of modifying an
existing dry detention pond for enhanced water quality benefits. The discussion in this section is mo stly taken from
that report.

According to an inventory conducted by Woodward-Clyde (1990), there are 17 municipally-owned and operated
pump stationsin Santa Clara Valley. These pump stations generally consist of pumps, storage units such as a sump
or adetention basin, and inlet and outlet works. Sumps and detention basins are designed to reduce the capacity of
the pumps that would otherwise be needed to pass the peak flood flows. The purpose of the pump stationsisto
provide flood protection to low lying areas which have historically subsided and are now protected by levees. These
pump stations have generally been operated as single-purpose flood control facilities. The pump operating schedul es
are designed such that the pumps go on as soon as water beginsto fill the basin with the goal of emptying the basin
as soon as possible after the event. One retrofitting option to achieve water quality benefits would be to change the
pump operating schedulein order to increase detention time and to provide for a seasonal wet pond. A preliminary
evaluation of retrofitting detention basins was encouraging and a pilot study to actually retrofit afacility and conduct
testing to measure water quality benefits and costs was conducted. This study was conducted from August 1990
through July 1993.

The following tasks were conducted as part of this study:

- Retrofit the pump station and modify pump schedules to improve storm water pollutant removal,

- Conduct water quality sampling to estimate the pollutant removal effectiveness of the retrofitted detention basin,
and

- Measure sediment concentrationsin the basin in order to evaluate if sediments are classified as hazardous waste.

The detention basin has a channel between the inlet and outlet that, prior to the modifications, encouraged
short-circuiting. A gabion weir was installed at the outlet to reduce short circuiting and to provide better distribution
of flow into the outlet. Rock was dumped into the channel leading from the inlet, and a drainage pipe that ran below
the channel was blocked off. Operational changes consisted of modifying the pump schedule to create atwo-foot
permanent pool at the outlet and to provide temporary storage and slow release of water over the depth range of 2 to
2.4 feet.

Site Description

The northern portion of Santa ClaraValley has a history of subsidence caused by groundwater pumping. In order to
protect these areas from flooding, a system of levees and pump stations has been built. The pump stations are
designed to collect and pump storm water runoff from these low lying areas through the levees into the flood control
channels. In order to accommodate large flows and to reduce the number and pumping capacity of the pumps, some
pump stationsinclude relatively large sumps or detention basins. An inventory of the pump stations indicates that
there are nine such facilitiesin the Valley with relatively large detention basins (WCC 1990). The design and
operating philosophy of these systemsisto: 1) attenuate the peak flow to reduce pump size, and 2) drain the basins
as soon as possible following the storm so that flood capacity is available for subsequent storms.

An example of one of these pump stations is Sunnyvale Pump Station No. 2, located at the junction of the
Milpitas/Alviso Road (Route 237) and Calabazas Creek. The Pump Station consists of four primary pumps, each
rated at 39 cfs capacity, and one auxiliary electric pump (capacity 9 cfs). The detention basin areais approximately
4.4 acres and has a capacity of approximately 30 acre-feet (Figure 69). It receives runoff from a463-acre catchment
consisting of the following land uses: industrial park (30 percent), commercial (10 percent), and residential (60
percent). Thereis a seven-foot diameter concrete reinforced pipe which drainsinto the basin. A second 36-inch
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diameter line drains a 250 acre catchment (primarily open space) and bypasses the basin to the north and directly
enters the pump house.

oz )

House

Cavabazas Croek —

'l*;:,.
|f-1 e - |]

Figure 69. Sunnyvale Pump Station No. 2 dry detention pond.

Treatment Conceptsand Retrofitting Objectives

The major premise for this project was that pump stations may provide an opportunity to reduce nonpoint source
loads entering the South Bay if they can be cost-effectively retrofitted and maintained. The primary means of
treatment is settling of particulates. Settling can be an effective treatment for some pollutants that are mostly in the
particulate fraction in stormwater. Typical ranges of the particulate fraction for locally collected stormwater are 36
to 94 percent (mean of 69 percent) for copper and 24 to 97 percent (mean of 66 percent) for lead. Because of these
high particulate fractions, sedimentation could be an effective control practice.

Theretrofitting scheme isto increase the detention time to allow more particulatesto settle out into the basin while
not significantly increasing the flood risk. A goal of this retrofit was to prevent high flows from resuspending
previously settled sedimentsin the detention pond. Scour protection was provided by having at least atwo foot
permanent wet pool during the wet weather season.

They concluded that a 24 to 40 hour hydraulic detention time for a pool several feet deep was necessary to
effectively settle out most of the suspended sediment in the local stormwater.

Inal cases, the basin must maintain arelatively large flood control capacity and associated outlet works and pumps
in order to provide the necessary flood control benefits.

Description of Sunnyvale Retrofit Activities

Change Pump Operational Rulesto Create a Permanent Pool and Temporary Storage. In order to create the
permanent pool in the pond, the pumps were set to turn off when water levelsin the basin (as measured at the outlet)
dropped below two feet. In order to create temporary storage, pump settings were adjusted to phase in (and out) very
slowly for depths between 2 and 2.4 feet. These operational conditions created atemporary storage depth above the
permanent pool of 0.4 feet with a capacity of 1.75 acre feet. Because thisis an existing flood control facility, the
temporary storage depth was determined primarily based on flood control and secondarily on water quality
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considerations. The temporary storage depth was the maximum depth that would still allow the basin to pass the 100
year flood.

Prevent Short Circuiting. The pond has atrapezoidal open pilot channel (8-foot bottom width, 17-foot top width,
and 4.5-foot depth) between the inlet and outlet (Figure 69). In addition to this open channel, a 30-inch reinforced
concrete pipe (RCP) was below the channel to convey low flows between the inlet and outlet. These conveyances
effectively “short circuited” flows between the inlet and outlet, a condition which is highly unsuitable for water
quality control.

In order to limit this short circuiting, three modifications were made. At the outlet weir near the pump house, a
gabion wall was constructed around the original outlet weir to prevent short circuiting of flows along the channel
and to also promote a better distribution of flow from the basin into the outlet weir. A second modification involved
placing rock into the channel near the inlet. The third modification involved covering the entrance of the 30-inch
RCP with a steel plate and vertical riser that reduced the rate at which flow would enter the drain below the
trapezoidal channel.

Plug Storm Drain that Directly Entered Pump House. A 36-inch RCP drained a 250-acre undevel oped area west of
the detention basin directly to the pump house sump. This pipe was plugged with sand bags in one of the manholes
upstream of the sump to prevent the runoff from this drainage areato mix with outflow from the detention basinin
the sample collection area.

Problems Encountered

No problems were encountered during the structural retrofitting of the detention basin. However, the pump control
system needed major repairsin order to operate the basin within the water level tolerances required for the study.
Specific problems were encountered with the liquid level sensors and transmitter (inaccurate flow monitoring
because of the very low flow rates), voltage instabilities caused when certain pumps came on line, and fluctuations
in the power supply. Therefore, an important aspect in evaluating the feasibility of retrofitting pump stationsis the
design and condition of the pump control system and the possible need for repairs and upgrading.

Monitoring Program

The goal of this study was to measure the total runoff and collect flow-weighted composite water samples at both
theinlet and outlet of the detention basin during and after stormsin order to estimate pollutant removal performance.
Sediment samples were al so taken to characterize basin sediments.

Station Design and Equipment. Automated flow and water quality monitoring stations were located at theinlet and
the outlet to the basin. Theinlet pipe was a7 -foot diameter reinforced concrete pipe which was quite low and
tended to be full of water during most of the wet weather season. The inlet sampling station was located 35 feet
upstream of the end of the pipe and consisted of a Druck pressure transducer, velocity meter, |ISCO Model 3700
automatic water quality sampler and Campbell Scientific CR-10 datalogger/controller. At theinlet, theinitial plan
was to collect flow-weighted composite samples based on flow volumes estimated using the measured vel ocity
timesthe area of the pipe. Initially, a Montadero-Whitney electromagnetic velocity meter was used. However, the
velocitiesin the pipe were too |ow to measure with this instrument and it was replaced in March, 1992 by a
Detectonics|.S. Surveylogger, which relies on the doppler effect and suspended sediment passing the instrument.
When compared with estimates of anticipated runoff volumes, neither instrument appears to have measured flow
velocitiesin aconsistent and accurate manner. The primary cause appearsto be the relatively low velocitiesin the
large pipe.

The outlet sampling was conducted in the pump house where a Druck pressure transducer, an 1SCO Model 2700
automatic sampler, and CR-10 datal ogger/controller were installed. Theinitial plan was to start sampling based on
estimated flow through the pumps. These estimates were based on the pump run times and pump characteristic
curves (which show the relationship between flow and head for the design rpm of 700). To achievethis, the

datal ogger was connected to the pump house control panel to determine pump run times and cal cul ate discharge
from the sump. Field visits during the 1991-92 season reveal ed that the pumps did not operate at the design rpm,
especially during the warm-up period, resulting in inaccurate flow estimates much of the time.
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Sampling Methods At the inlet, a pressure sensor was used to estimate the water level in the detention basin.
During each sampling event, flow was calculated as a product of velocity and area by the CR-10 microprocessor.
Based on the flow estimate (which was generally poor), the CR-10 initiated and continued water quality sampling at
pre-specified flow intervals. During a sampling event, instantaneous velocity and pressure were recorded each time a
water quality sample was taken. Based on anticipated rainfall, the sampling algorithm in the CR-10 was designed to
instruct the water quality sampler to collect twenty 500-mL subsamplesin a 10L borosilicate bottle over the duration
of the storm event. Following the sampling event, the pressure sensor was al so used to measure water level dropsin
the pond.

At the outlet, the average hourly flowrate was estimated based on the pump run times and the pump characteristic
curves (also inaccurate), and was recorded over the duration of the wet weather season. To begin an event, field
crews manually initiated the automated samplers based on anticipated flow volumes for that storm. Aswith theinlet,
the automated samplers recorded instantaneous flow measurements when each sample was collected.

Stations were visited prior to, during, and after monitored events to ice samples, exchange sample bottles, and
ensure proper equi pment operation. Measurements of pH, conductivity, and temperature were made during the site
visits.

Data Collected. A total of eight storm events were sampled. For six of these events, flow-weighted composite water
quality samples and hydrologic measurements were taken at both inlet and outlet stations. In most cases, only partial
flow measurements were made because of either equipment malfunction, below threshold vel ocities, and/or
problems with the pump control system.

Due to the uncertainty in flow volume measurements, pollutant |oads were not used to estimate treatment
effectiveness. Instead, effectiveness was estimated based on the flow composite water quality concentration data,
using the reasonabl e assumption that the inlet and outlet volumes for an event are equal .

Sediment samples were taken at three locations: in the center of the basin, near the inlet, and near the outlet. Three
sets of sediment samples were collected during dry periods when the basin was empty, or nearly empty, of water
(June 15, 1990, May 14, 1992, and on July 12, 1993). The first samples were obtained using a 4-inch stainless steel
hand auger, while the other samples were collected by scraping the top half-inch of sediment with a Teflona -lined
scraper.

Flooding Analysis, Storm Hydrology, Water Quality and Sediment Monitoring Results

Flooding Analysis. Woodward Clyde used areservoir routing model to estimate water levelsin the basin for the
100-year inflow event and for two pump operating scenarios. The first pumping scenario corresponded to the
original pumping schedule used for flood control. The second scenario corresponded to the revised pumping
schedule appropriate for a multipurpose flood control and water quality control facility. Based on the results of the
model, the maximum water level in the basin for the 100-year flood did not change by modifying the pump
operation schedule.

Precipitation. Rainfall was measured with atipping bucket rain gage, which registered the time when the bucket
collected 0.1 inches of rainfall. The range of storm volumes during the sampling period were from 0.4 to 2.2 inches
and the storm durations ranged from 6 to 60 hours. Historical rainfall data collected by the National Weather Service
at the San Jose Airport (Gage No. 7821) was used to examine the long period characteristics of the local rainfall by
using the Synoptic Rainfall Analysis Program (SY NOP). The median event rainfall volume for the San Jose Airport
gage for the period from 1948 to 1989 was 0.5 inches.

Runoff. Flow measurements collected at the inlet and outlet for various events were conpared with rainfall to

calculate the volumetric runoff coefficients. The flow measurements at both the inlet and outlet stations were not
considered very reliable, as the measured runoff coefficients ranged from 0.1 to 1.89. Woodward Clyde estimated
that the actual values would be about 0.5-0.8 for these rains and watershed characteristics.
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Comparison of Inlet Water Quality to Other Santa Clara Storm Water Monitoring Station Data. L aboratory
chemical analyses were conducted on the water samples collected at the basin inlet and outlet stations during the six
storm events. The median flow-weighted composite concentrations of total metals (cadmium, chromium, copper,
lead, nickel, and zinc) from the inlet station are summarized in Table 49. The table shows median concentrations
obtained from other Santa Clara Valley storm water monitoring stations representing residential-commercial,
industrial, and open land uses. The inlet concentrations of copper, lead, nickel, and zinc are higher than
concentrations from open land use, but lower than concentrations at residential-commercial and industrial land use
stations. The cadmium concentration appears to be very similar to the residential-commercial land use, while the
chromium concentration is closer to the open land use.

Table 49. Comparison of Median Metal Concentrations at Inlet to Retrofitted Basin to other Santa Clara Valley
Stormwater Monitoring Station Data (ng/L)

Inlet to Residential/ Industrial Open Space
Retrofit Commercial Land Use Land Use
Basin (n=6) Land Use Station Station (n=4)
Station (n=25)
(n=21)
Cadmium 1.1 1.0 3.9 0.3
Chromium 12 16 24 11
Copper 24 33 51 11
Lead 38 45 91 2.0
Nickel 21 30 46 5.0
Zinc 180 240 1150 5.0

Pollutant Removal Effectiveness. Table 50 summarizesinlet and outlet concentrations for total and dissolved metals
(cadmium, chromium, copper, lead, nickel, and zinc), TSS, hardness and total oil and grease. Based on these data,
pollutant reductions were estimated as the outlet minusinlet concentration divided by the inlet concentration. The
average pollutant removal effectiveness for the metals ranged from about 30 to 50 percent. The metals removal data
indicated that the removal of total chromium, copper, lead, nickel and zinc were well correlated with TSS removal.

Table 50. Inlet and Outlet Observed Concentrations and Pollutant Removals

Cadmium Chromium | Copper Lead (ng/L) | Nickel Zinc (ny/L) TSS TH 0&G
(ny/L) (ny/L) (ny/lL) (ny/lL) (mg/L) | (mg/L) | (mg/L)
nf |f nf |f nf |f nf | f nf | f nf [ f
SE 17
Inlet 04 <02| 36 18| 87 54| 64 22| 17 <2 46 28 12 97 15
Outlet 02 <02| 27 11| 68 47| 34 1] 17 <2 26 19 73 120 1.4
Reduction -- -1 25% - 22% - | 4T% - | 0% - | 43% -- 39% -- 7%
SE 20
Inlet 66 13 12 1 24 3 45 1 16 1 180 19 90 110 0.2
Outlet 48 25 6 1 9 3 10 1 4 1 73 22 24 63 <0.2
Reduction -- - | 50% --[63% --|78% - | 75% - | 59% - 73% - -
SE 21b
Inlet 11 0.2 18 1 24 2 53 <1 25 <1 180 5 140 -- --
Outlet 15 <02 14 1 16 2 35 <1 19 <1 120 7 93 - -
Reduction -- - 122% - [33% --[34% - | 24% - | 33% - 34% - -
SE 23
Inlet 1 02 11 <1 27 5 30 1 13 39 190 41 74 100 0.7
Outlet 06 <02| 83 14 12 47 12 <1| 58 22 82 45 31 90 0.5
Reduction - - | 25% --|56% --| 60% -- | 55% - | 57% -- 58% -- --
SE 24
Inlet 16 <02 21 11 40 21 76 <1 42 96 270 22 180 140 0.6
Outlet 13 02 15 86 24 5 40 14 29 15 160 31 96 140 35
Reduction -- -1 29% -] 40% - | 4T% - | 31% - | 41% -- 47% -- --
SE 27
Inlet 1 05| 63 14 14 54 13 <1 83 63 70 35 30 110 1.6
Outlet 06 04| 49 17| 89 45| 6.6 <1 25 20 47 26 15 220 13
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Reduction -- -- | 22% -- | 36% -- | 49% -- | 70% -- 33% -- 50% -- -
Average

Reduction - - | 29% - | 42% -- | 53% - | 51% - | 44% -- 50% -- -
nf: non-filtered (total) TSS: total suspended solids O&G: oil and grease

f: filtered (“dissolved”) TH: total hardness, as CaCOs removals are only given if most observations were >PQL

Comparison to Water Quality Objectives (WQOs). Of these metals, total and dissolved chromium, lead and nickel
did not exceed the acute WQOs. Total and dissolved cadmium exceeded the WQO in only one storm out of six
monitored storms. Total copper at the inlet station exceeded WQOs in four out of six storm events. However,
concentrations at the outlet station never exceeded WQOs (though the outlet concentration was essentially equal to
the WQO for one event). None of the dissolved copper concentrations exceeded the acute WQOs. Total zinc
concentrations at the inlet and outlet stations exceeded the acute WQOs for all six storms. Dissolved concentrations
of zinc at the outlet station exceeded the WQOs in three of the six events.

Sediment Quality. The objectives of the sediment sampling was to characterize sediment quality in the detention

basin and to compare the sediment concentrations to hazardous waste criteria. Results of these sediment samples are
summarized in Table 51.

Table 51. Sediment Observations (mg/kg)

% TOC [ Cadmium Chromium | Copper Iron Lead | Manganese | Nickel Zinc

6/15/90 core -- 2.2 -- 92 -- 36 -- 61 320
5/14/92 surface

Inlet 3.8 23 200 150 | 49,000 280 610 94 750
Middle 5.5 17 220 140 | 38,600 350 640 87 570
Outlet 1.9 35 140 47 | 47,700 18 680 76 260
7/12/93 surface

Inlet 24 1.0 170 110 | 34,000 260 560 96 220
Middle 0.65 0.2 120 37 | 36,000 12 700 75 85
Outlet 0.93 0.3 110 43 | 30,000 24 570 73 63
TTLC 100 2,500 2,500 -- | 1,000 -- 2,000 5,000

TTLC: Total Threshold Limit Concentration

In the second and third rounds of sampling, the highest concentrations for copper, nickel and zinc were found at the
inlet station. Cadmium, chromium and lead were also highest at theinlet station for the July 12, 1993 sampling
round. The high concentration of the majority of the metals near theinlet is consistent with other studies.

Average sediment concentrations observed in Pump Station No. 2 are compared in Table 52 with sediment data
collected from other detention basinsin the Valley and elsewhere. Results from the various basins differ
substantially and indicate that sediment quality is highly site specific and varies depending on soils, catchment land
use, and other factors, especially time when the samples were analyzed (for lead).

Table 52. Comparison of Average Sediment Concentrations from Detention Basins
and Swales (mg/kg)

Detention Basin Cadmium Copper Nickel Lead Zinc
This Retrofit Basin 11.2 88 80 140 324
Other Santa Clara County

Eastside Basin A 0.37 32 36 17 68
Eastside Basin B 0.37 36 40 6 73
Eastside Basin C 1 71 100 11 330
River Oaks nd 24 72 14 84
Fresno NURP

Recharge F -- 37 32 713 --
Recharge G -- 25 37 487 --
Recharge M -- 55 53 1333 --
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Recharge EE -- 25 22 297 --
Recharge MM -- 9.5 11 93 --
Wigington (1983)

Bulk Mail Basin 2.8 19 -- 112 224
Kmart Basin 0.8 13 -- 368 114
Nightingale (1975)

Detention Basin -- 20 -- 224 107
Special Pit -- 23 -- 801 236
Wigington (1986)

Fairidge Swales 0.26 4.2 -- 42 102
Stratton Woods Swales 0.18 10 -- 18 70
Rte. 234 Rd. Swales 0.82 23 -- 936 106

To evaluate whether the sediments were hazardous, concentrations were, compared to standards established in the
Cadlifornia Administrative Code, Title 22. Under Title 22, there are two criteriafor designating solids as hazardous
waste. Thefirst criterion isthat the sediment concentrations not exceed the Total Threshold Limit Concentrations
(TTLC). The second criterion isthat the extract obtained from the WET extraction method not exceed the Soluble
Threshold Limit Concentrations (STLC). For this pilot scale screening level of analysis, it was considered adequate
to compare with the TTLC only. In situations where disposal is being considered, the WET extraction test should
also be conducted.

None of the sediment sample concentrations collected in the Sunnyvale Pump Station basin exceeded the TTLC.
The highest concentrations of cadmium, lead, and zinc were 4, 3, and 7 times lower than the TTLC, respectively.
The highest concentrations reported for chromium, copper, and nickel were 11, 17 and 21 times lower than the
TTLC, respectively. Based on these sediment concentrations, these sediments are not considered hazardous.

Cost Effectiveness Evaluation

The mean annual runoff volume (351 acre-feet) was estimated based on mean annual rainfall (13 inches) in the
vicinity of the basin, an assumed runoff coefficient (0.7), and the area of the catchment (463 acres). Mean
concentrations and removal efficiencies are averages of observed data. For the metals, annual |oad reductions ranged
from 0.6 Ibs for cadmium to 65 Ibsfor zinc. For copper, the annual load reductionis estimated at 9 |bs, which
represents approximately 40 percent of the total copper that enters the basin. Table 53 summarizes the estimated
cost-effectiveness for the removal of heavy metals from the pond.

Table 53. Estimated Mean Annual Load reduction and Cost-Effectiveness*

Mean Average Load Cost
Concentration Annual Reduction Effectiveness
at Inlet (mg/L) Removal (Ibslyr) (Ibs/$1,000)
Efficiency

Cadmium 0.002 0.35 0.6 0.07
Chromium 0.012 0.29 3.3 0.40
Copper 0.023 0.42 9.1 1.1
Lead 0.037 0.53 18 2.2
Nickel 0.038 0.51 18 2.2
Zinc 0.156 0.44 65 7.9
TSS 87 0.50 41,000 5,000

*Assuming an annual runoff volume of 350 acre-ft

Solids Accumulation and Removal. About 41,000 Ibs. of suspended solids would be collected annually in the
retrofitted detention basin, which represents about one-half of the annual input of solids. Assuming a specific gravity
of about 1.5, thiswould correspond to about 16 cubic yards of material annually. If uniformly distributed over the

4.4 acre basin, the mean annual accumulation rate would be 0.03 inches per year. Sediments are expected to
accumulate near theinlet and, in this specific case, in the pilot channel. In ten years, this accumulation rate would
egual about 0.1 acre-feet compared with the capacity of the basinwhich is 30 acre-feet. Therefore, this accumulation
of sediments does not pose arisk to reducing the flood control capacity of the basin. Accumulation of at least 6
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inches of sediment isrequired before removal is practical. This amount of sediment may take aslong as 10 or 20
years to accumul ate.

Capital, Operation and Maintenance Costs. Capital and O& M costs were estimated for the retrofitted pump station
and are shown in Table 54. Costs were classified as capital expenditures, operation and maintenance, and disposal.
Capital costsfor the structural retrofitting were based on actual costs, whereas the costs for repair of the pump
electronic control systems were estimated. Operations and maintenance assumes 100 hours per year labor in addition
to that already being conducted to operate and maintain the facility for flood control. Disposal costs assume disposal
is conducted every 10 years and include estimated future costs for landfill fees, trucking, and excavation. The total
annualized cost istherefore estimated to be $8,200 for the 463 acre watershed, or about $18 per acre of watershed

per year. The removal costs for copper were estimated to be about 1.1 Ibs removed per $1,000, which compares very
favorably with other stormwater control alternatives. As an example, it was estimated that street cleaning would
remove about 1.5 Ibs of copper from the streets per $1,000 of expenditures. However, the actual cost of removing
copper from runoff by street cleaning would be about ten times this amount (Pitt 1979, 1985, and 1987) (or about

0.15 Ibs per $1,000).

Table 54. Estimated Annualized Costs for Capital Expenditures and Operation

1. Capital Expenditures
Structural retrofitting = $15,000
Amortized over 20 years at 8% $1,500

2. Operations and Maintenance
Inspection and repair (100 hours @ $50/hr) $5,000

3. Disposal (every 10 years)
Landfill (160 yd3 @ $50/yd3 = $8,000)
Trucking (16 trips @$75/hr x 2 hrs/trip = $2,400)
Excavation (160 yd3 @ $10/yd3 = $1,600)

Disposal Subtotal = $12,000
Amortized over 10 years at 8% $1,700

4. Total Cost per Year $8,200

Conclusions

Implicationsfor Other Facilities. According to an inventory conducted by Woodward-Clyde in 1990, nine of the
existing 17 municipal pump stations in Santa Clara VValley are designed with detention basins (rather than sumps)
and are, therefore, suitable for comparison with the pilot project. The detention basins range from 1.5 to 14 acres,
with capacities of 4.5 to 148 acre-feet. The watershed area for each pump station ranges from 25 to 1,000 acres, and
the total watershed area served by all nine stationsis 4,260 acres, or 6.6 square miles. Thisisabout 2 percent of the
350 square mile area of the Santa Clara Valley below the upland reservoirs. If we assume that other similar facilities
could beretrofitted to achieve a performance comparable to that measured at Pump Station No. 2, the net reduction
in copper load to the Bay would be about 100 Ibs. Thisisonly about 1 percent of the estimated mean annual |oad of
14,000 Ibs of copper entering San Franciso Bay.

- A 100-year flood analysis indicated that modification of the pump schedule to achieve water quality benefits did
not increase the maximum 100-year elevation in the pond.

- Based on measured inlet and outlet flow composite concentrations from 6 storm events, the average pollutant

removal efficiencies were: total chromium, 29 percent; total copper, 42 percent; total lead, 53 percent; total nickel,
51 percent; total zinc, 44 percent; and total suspended solids, 50 percent.
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- Theremoval efficienciesfor chromium, copper, lead, nickel and zinc correlated well with TSS removal, indicating
that suspended solids may be used as a surrogate parameter to monitor effectiveness of metalsremoval in detention
basins.

- Metal concentrations of basin sediments were generally highest at the inlet location.

- None of the sediment concentrations exceeded the Total Threshold Limit Concentration (TTLC) standard,
indicating that the sediments are not hazardous.

- The estimated mean annual 1oad reduction of metals ranged between 0.6-65 |bs., depending on the metal. The
mean annual load reduction for copper was 9 Ibs.

- The amortized annual capital and O& M cost for retrofitting the Sunnyvale Pump Station No. 2 is estimated at
$8,200. The cost effectiveness removal rate for copper is 1.1 1b/$1,000.

- Solids accumulation rates are very low and are estimated to be approximately 0.1 acre-feet over 10 years. Given
that the basin has a capacity of 30 acre-feet, increased deposition caused by retrofitting does not increase flood risk.

I mplications for Management.

- Thetotal watershed areain Santa Clara VValley served by the nine pump stations with retention basinsis
approximately 6.6 square miles (only 2 percent of the total area of the Valley downstream of the reservoirs). Thus,
even if an improved treatment performance could be obtained from these basins, the total load reduction to the Bay
would be minimal. For example, the load reduction of copper would only be 100 Ibs., which isless than 1 percent of
the estimated mean copper load to the Bay.

- Since pump stations are relatively easy to retrofit, water quality benefits could be achieved by simply changing the
pumping schedule.

- If aretrofitting programis to be pursued, it would be important to ensure that the pump control equipment is
operational and well maintained, and that staff are well trained in its use.

Retrofit Case Examples from the Center for Watershed Protection (Claytor 1998)

Thefollowing two short case studies were provided by Rich Claytor of the Center for Watershed Protection, Ellicott
City, Maryland (1998).

Example of Retrofitting an Existing Stormwater Detention Facility, Wheaton Branch, Montgomery County,
Maryland

The Wheaton Branch facility, located near Wheaton, Maryland, is awell-know example of aformer dry detention
facility retrofitted to provide water quality and channel protection controls. The facility, constructed in 1990, drains
an 800 acre watershed that is over 50% impervious. A unique design feature was the three cell wet pond
(constructed around an existing sanitary sewer trunk main) to provide water quality controls. Extended detention
controlsfor the 1%2inch design rainfall were incorporated for channel protection. The three cell pond has a complex
flow path for both baseflows and small stormflowsto facilitate maximum settling of solids. Controlsfor larger
storms (i.e, 2 to 100 year events) were balanced against upstream backwater constraints and dam safety
considerations. Figure 70 illustrates the key operational and design elements of the project.
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Figure 70. Wheaton Branch, Maryland, detention facility retrofit project (Claytor 1998).

Thefirst cell of the facility, or forebay, provided almost atenth of aninch per impervious acre (thisis a good target
minimum volume for most retrofits). A 25 ft wide access ramp with alevel 30 ft by 30 ft pad was provided for

future dredging. During the design phase, it was estimated that dredging of the forebay would be necessary every 5
years of so. Thefirst cleanout of the forebay occurred in July 1997, alittle over 7 years after completion of the
project.

The Wheaton Branch retrofit facility was also part of the larger Sligo Creek watershed restoration project.
Downstream habitat improvement and native fish restocking projects accompanied the retrofit and have proved very
successful over their seven year trial period. John Galli (MWCOG), and his colleague Jim Commins (ICPRB) have
published several reports and articles on the success of the stream restoration effortsin Wheaton Branch.
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Some important design lessons are also illustrated by the Wheaton project. The existing hydraulic characteristics of
the facility were first analyzed to assess the types of control originally provided. The origina facility provided
partial control of the 2, 10, and 100 year storm and safely passed the probable maximum flood (PMF) through a
massive emergency spillway. The retrofit required a balancing act to maximize water quality control, while

mai ntai ning enough control for larger stormsto avoid impacting downstream houses or the 100 year floodplain.
Routing storms through the 3-cell pond was extremely difficult due to the very low head conditions and the unusual
backwater created by downstream ponds. The original pond bottom was excavated for much of the permanent pool
storage (for pond and wetland components), the emergency spillway was modified to maintain passage of the PMF
and the outlet control structure was completely overhauled.

All of these measures added up to quite an expensive project. The total cost for the facility, including engineering,
construction, and construction inspection was approximately $800,000. Although thiswas certainly alarge total
sum, it was approximately $640,000 per square mile of drainage area, somewhat less than the typically quoted figure
of approximately one million dollars per acre of drainage for average effective retrofitting projectsin urban areas
(Karouna 1989).

Example of a Retrofit in a Highway Right-of-Way, Bear Gutter Creek, Westchester County, New York

The Bear Gutter Creek Retrofit is one of many BMPs recently designed to protect the Kensico Reservoir (one of the
principle components of New Y ork City’s drinking water system) from impactsof stormwater runoff. The Bear
Guitter watershed is approximately a square milein area and drains an area having mixed land uses of approximately
30% impervious areadirectly into the Kensico Reservoir. Note that thisis an unfiltered drinking water system that
serves millions of New Y orkers. Theretrofit islocated immediately below a state road culvert and within the NY
Route 22 Right-of-Way.

Interesting design featuresinclude aflow diversion weir at the downstream end of an existing large diameter road
culvert which diverts baseflow and stormflow for up to the 1% inch rainfall into aprimary settling area. Storms
larger than the 1% inch rainfall are diverted to a stabilized downstream channel below the facility. The primary
settling chamber is sized for about athird of an inch per impervious acre and has both awet component and storm
storage above the wet pool. An existing 1% acre emergent wetland, adjacent to the facility, receives runoff asa
polishing treatment below the primary settling chamber. Figure 71 isan illustration of the facility and representative
design features.
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Figure 71. Bear Gutter Creek highway right-of-way urban stormwater retrofit (Claytor 1998).
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The design criteriafor the Bear Gutter Creek project (aswell asall of the Kensico stormwater control practices) was
to provide afacility with aminimum storage volume necessary to maximize particul ate settling, and provide long
detention timesto allow for fecal coliform dieoff. An original design concept called for siting the facility within the
middle of the 1%2 acre wetland. Unfortunately, very little space was available within the road right-of-way or
anywhere el se outside of the existing wetland. The solution was to use aflow diversion structure coupled with a
concrete weir and baffle to maximize aflow path within the primary settling chamber and then utilize the wetland as
a“polishing” treatment. Coconut rolls were specified within the wetland to encourage additional detention for
control of larger storms.

Conclusions

This chapter has shown that the use of relatively simple design criteria can be used to provide excellent water quality
benefits over awide range of storm conditions. DETPOND can be used to evaluate awide variety of pond designs
and can be used to devel op appropriate design guidelines for different climatic conditions. Wet detention ponds for
water quality control can also be used to provide drainage and flood control benefits by providing additional free
board storage. However, adetailed hydrologic investigation of the complete watershed is necessary to make sure
that these detention ponds do not actually increase drainage and flooding problems downstream.

Detention ponds are probably the most commonly used stormwater quality devices and have substantial literature
documenting their performance and problems. Wet detention ponds have been shown to be very effective, if their
surface areaislarge enough in comparison to the drainage area and expected runoff volume. Small wet ponds and
all dry ponds have been shown to be much less effective. Detention ponds can be easily integrated into a
comprehensive stormwater management program, but only if land is available and if installed at the time of
development. They are very difficult and expensive to retro-fit into existing areas. Care must also be taken to
minimize safety and environmental hazards associated with pondsin urban areas. In addition to safety concerns,
contaminated sediment management and poor water quality are major issues.

Monitoring of stormwater detention ponds is needed to confirm the adequacy of any stormwater control design
criteria, including the simple criteria as presented in this paper. If the performance is different than desired, then the
criteria should be appropriately adjusted. Because of the relatively large volume of water contained in detention
ponds, long-term continuous monitoring of influent and effluent quality is needed. Haphazard storm event
monitoring can result in inaccurate evaluations of detention ponds. The effluent of the pond for relatively small
storms may not be related to the current storm’ sinfluent, but can actually be mostly made of displaced water that
had resided in the pond since previous events. Also, in order to effectively design wet detention ponds, along with
many other sediment practices (including grass filters, catch basins, and other types of sumps) particle size and/or
settling rate analyses are necessary. Thisinformation can be obtained using conventional settling column tests
directly resulting in settling velocity information. Small sieves, ranging from 20 mm to up to several hundred mm,

can also be used along with total solids gravimetric analyses to obtain particle size data. These tests would result in
particle diameter measurements and specific densities would have to be assumed or measured using other
proceduresin order to calculate settling velocities. The use of laser or other types of particle counters may also be
worthwhilein order to rapidly obtain the needed particle size data.

Wet detention ponds have been shown to be an extremely robust stormwater control practice. Even though their cost
may be high, their level of pollutant reduction is also high, resulting in very cost-effective pollutant removals.
Physical sedimentation isthe main removal process occurring in wet ponds, resulting in much better removal s of
particul ate bound pollutants than “filterable” forms of pollutants. Fortunately, for many of the stormwater pollutants
of concern, particulate forms are much more abundant then filterable forms. Wet detention ponds can also be
optimized to encourage biochemical processes that can further reduce many filterable pollutants. Even though wet
detention ponds have been demonstrated to provide high levels of control, they may not be the best control for all
conditions. Combinations of controls, determined using a comprehensive watershed evaluation tool, are likely to
result in the best control program.
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Appendix A: User Guidefor DETPOND

The following example showstheinitial stepsin designing awet detention pond and the development of a
DETPOND filefor that pond in order to enable water quality evaluations. The pond sizing criteria can be examined
in relation to site constraints and the pond design modified, if needed, based on these evaluations.

Example Design Calculations and Evaluation Using DETPOND
The following discussion presents a cal cul ation exampl e using the design criteria presented earlier:

- Assume a medium density residential area of 150 acres with agoal of approximately 90% suspended
solids control (corresponding to 5mm critical particle size).

- Thewet pond surface would therefore be: 0.008(150 acres) = 1.2 acres

- The runoff volume for 1.25" rain => 0.5" runoff (based on typical development conditions and small
storm hydrology; CN= 90 and Rv=0.4).

- Therefore, wet storage volume: 0.5" (150 acres) => 6.3 acre-feet

- The depth associated with the wet storage volume can be estimated assuming a prismatic cross-section
(simplified, compared to a conical section):

x{1.2 acres)

1.2 acres

Approximately: [1.2 + x(1.2)]y/2 = 6.3 acre-ft.

re-arranging gives: X =[(10.5)/y] - 1

The following table can be used to give simultaneous depths for different x multipliers and top of pond areas for the
“live-storage” area of the pond (the section affected by the primary water quality outlet device and located on top of
the permanent pool depth, and below the invert of the emergency spillway and additional storage needed for flood
control):

y (depth, ft) X (multiplier) top area
2 43 4.3 (1.2 acres) = 5.2 acres
3 25 3.0 acres
4 16 1.9 acres
5 11 1.3 acres
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Depths less than 2 feet are too shallow and could require very large pond top surface areas for this example. “Live
depths” greater than 5 feet may be too deep for most locations and obviously result in very steep side slopesfor this
example.

The following table summarizes the cal cul ations for the side slopes of the pond (assuming a simple circular shaped
pond, as shown below):

r=(AIpY2 = [1.2acres(43,560 ft2 per acre)/p)] /2 = 130 ft

Depth Top Area Top Radius Slope Length Side Slope
(ft) (acres) (ft) (ft)

2 52 270 270-130=140 2/140 = 1.4%
3 3.0 200 200-130=70 3/70=4.3%
4 19 160 160-130=30 4/30 = 13%
5 13 135 135-130=5 5/5 = 100%

- The preliminary pond cross-section istherefore:

. 3.0 acres .
3Tt/ 49 side
1.2 acres ,L slope

~_
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- Theoutfall deviceis selected by comparing the maximum allowable discharge rate for the surface area of
the pond at several pond depth increments. These maximum allowable discharges are compared with weir ratings (as
tabulated in the text, for example) to select the permissible weirs that can be used:

Qout = VA
v =1.3X 104ft/sec for 5 mm particle

Stage Pond Area Maximum
(above normal (acres) Allowable Discharge (cfs)
water surface, ft)

0 12 6.8
05 15 85
1 18 10
15 21 12
2 24 14
3 30 17 (usually most critical)

Therefore, use asingle 459 V-notch weir, or two 22-1/20 V-notch weirs.

- Select emergency spillway (mandatory) and additional flood control storage volume (if necessary) using
NRCS TR-55 (SCS 1986) procedures.

- Figure A-1 isan example program check sheet for aDETPOND model evaluation, while the next section
shows how thisinformation is entered into adatafile for analysis.
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Figure A-1a. DETPOND model check sheet for example calculation.
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Figure A-1b. DETPOND model check sheet for example calculation.

Wet Detention Ponds (continued)

5. Other outlet characteristics
1. Rectangular Weir

1. Weir length (f£t): d
2. Height from bottom of weir opening (invert) to
top of weir: 1’

3. BHeight from datum to bottom of weir opening
(invert) (£t): "%
2. V=Notch Heir Characteristics:
A) Weir angle:
1. 22.5 degrees
<§i 30 degrees
45 degrees
4. 60 degrees
5. 90 degrees
. 6. .120 degrees
B) Heicht from bottom of aeir opening (invert)
to top of weir:
C) Height from datum to b°§f°” of weir openinc
(invert) (£t): ’
3. Orifice characteristics:
1. Orifice diameter (ft):
2. Invert elevation above datum (f£t):
4. Seepage Basin characteristics:
1. Infiltration rate (inches/hr):

2. Width of device (ft):

3. Length of device (ft):

4. Invert elevation of seepage basin inlet
above datum (£t):

5. Monthly Evaporation Rate

Month Month " Evaporation
Number " (in/day
1 January
2 February
3 March
-4 April
5 May
6 June J—
7 J uly —
8 August S S
9 September N R—
10 October —_
11 November —_—
12 December —_—t
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Stepsin Entering Data for Evaluation in DETPOND

Enter the main DETPOND program by double-clicking on the WinDetpond.exe file located in the directory where
the program was installed, or select the file from the “ start, programs, WinDetpond” list. The following window will

open:

Detpond for Windows

Select the “ continue” button to open the following window:

™ DETPOMD for Windows Main Menu
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Notice that the statusfor each of the four main categories are listed as “incomplete.” The next stepsin creating the
fileinclude entering this data. The first step for thiswindow is to select the file name “ edit” box and entering afile
name, as shown below:

Save As =i KB

Save jn; Iﬁ wdp? ll @I ;FJ

1 minn airpart files Iﬂ Clazsexp.pnd @ newarpt. phd
; onginal dizks @ fld200pz. pnd @ newprab. pnd

@ airport. pnd @ fld300pz. pnd @ Mewrect. pnd
@ airportdy. pnd @ fld350pz. pnd
|=#] irpifid. prd 8] fld400ps. prd
@ airptprb.pnd @ fld500pz. prd

File narme: |classe:-:|:l Save I
Save as type: [DETPOND Files [* PND] | Cancel |

i

After the file nameistyped in, click on the save button, after ensuring that the correct directory islisted. The next
step under “file nameinformation” isto enter asite description. Any short statement can be entered that will enable
tracking the files or the site test conditions. The last part of this element is selecting the particle sizefile, as shown
below:

i Critical Particle Size File Name

File Mame: i '
Directories:

MEDIUM.CFZ G:\wdp?1

HIGH.CPZ SR

LOw.CPZ

(L2 minn airport files
(2 original digks

MIDWEST_CPZ

MONROE CPZ

NURP.CPZ

File Type: Dnve:

Ciit Part files (*.CPZ)  ~| |2 i
oK E xit

All available particle sizefiles are listed. If the desired fileis not listed, check the directory to ensure that the correct
directory is shown. When the desired file is selected, click “OK.”

The next major category of information is the stage-area values. When that “edit” box is selected, the following
window is displayed:

10-199



Stage Area ¥Yalues

Initial Stage Stage Area
E leswation [ft] !E [Ft) [acrez)
Stage (it ] 0.00 0,000

Fow 1 I d
Inzert a row before I Inzert B |
row nurnber: e
Delete raw number; I Dielate Fow |

Uzer Defined Pond
Efficiency Factar, n: ! ]

Lantire | Lancel | Uze Shift pluz the arow keys to

move through the gnd

Thefirst information to be entered isthe initial stage elevation. Thisisthe water depth in the pond at the beginning
of the study period. It is generally the normal water elevation (above the pond bottom datum). However, it can be
different reflecting actual conditions (such as being lower than the lowest invert because of evaporation that may
have occurred during an extended dry period, or higher because the pond has not completely drained since the
preceding rain). When that number is entered, the program automatically starts requesting stage and surface area
data. The bottommost stage (at depth zero) is already entered (required to have a surface area of zero acres). When
al of the stage-area datais entered, select continue, or change the user defined pond efficiency factor first. The
sequenceis displayed in the following window:

Stage Area Yalues

Imitial Stage Stage Ares
Eleswation [ft] !3 [ft] [acres]
i 1] Q.00 0000
1 050 0100
Fow 7
S 2 100 0130
3 1.50 0170
Inzert & row before I
ratl Fumber: YT | 4 200 0.200
] 250 0900
g

Delete row number; I Delete Bow | 3.00 1.200
= 350 [

Uzer Detined Fand
Efficiency Factar, n: ! ]

Captinue | Lancel | IJze Shift plus the arrow keps to

move through the grid

10-200



The“User Defined Pond Efficiency Factor, n” isgiven as 5, but can be changed by over-typing. Thisisthe n factor
used in the Hazen equation and is equivalent to the number of pond cells. Large numbersimply very little short-
circuiting, while small numbersimply that substantial numbers of large particles may be leaving the pond.

The next major data requirement group is the outlet information. Select “edit” to bring up the following window
(this one has the rectangular weir already listed, normally, this would be empty and the user would select the desired
outlet):

I Bdd Gutiet |

= Outlet Dptions

. Rectangular Weir
. ¥ - Notch Weir

. Orifice

. Seepage Basin

. Matural Seepage
. Evaporation

. User Specified

. Pumped Outlet

B R R R B R R )
0w U e R =

Selected Dutletz [Max. 10])
Double Click to Edit or Delete

Rectangular Weir

Continue |

When the rectangular weir is selected, the following window is brought up to enable the user to describe the weir
dimensions and location:

1. Weir Length [ft] lzu

2. Height from bottom of weir
opening [invert] to top of weir (i) |1

3. Height from datum to bottom of
weir opening [Ft] iﬂ

Cancel Lontinue

Delete |

The user needsto refer to the diagram (on Figure A-1) to ensure that the weir heights are correct. The program aso
checksto make sure that the sum of the “height of bottom of weir opening to top of weir” plusthe “height from
datum to bottom of weir opening” adds up to equal the total depth of the pond entered previously. After entering the
data and clicking on “continue”, the user selects the V-notch weir for this example, bringing up the following
window:
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V-Notch Weir |

wr“j" 1‘%‘"25;'2'_"5 degrees 1. Height of Weir Opening ()[4
i 2. 30 degiees
Ly aean 2. Height from datum to bottom I3
" 460 degrees of weir opening [ft]
5. 90 degrees
" 6. 120 degrees

Cancel LContinue

Delete |

The user selects the v-notch weir angle and the height data, and then clicks“ continue.”

The next data requirement set relates to therain file. A rainfall seriesis selected from the available list, and the
starting and ending dates contained in the file are automatically listed. If these dates are not correct, they can be
edited by selecting the “ edit” button near each date, as shown in the following window, and typing in the desired
dates:

~TwpeofRanfalDala= 1 i File GAWDPTI\BHAMS230 RAN

f+ Rainfall Seriez

Edit | Start Date: 01./01/76
Giei] End Date: 12/31/76

" Single Event

= Eingle Bvent Banfal bata

Rainfall C'epth [in]
e | % | [Default (o Hdregrash

Rainfall Diuration (hiz)

y [k e f
Wi | r~ -J.}? [efited Aoy
i Ipitial Hudroaragh Time

Itvrenmiert [rinutes):

Lontinuge |

If auser-defined hydrograph isto be evaluated (such asfor entering a single design storm cal culated using TR-55,
for example, or to enter actual observed inflow rates), then the “single event” type of rainfall datais selected and the
program prompts for that information.

The last series of datarequirementsis the drainage basin information, as shown in the following window:
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Drainage Basin Runoff Procedure

= 1. SC5 Curve Humber Procedure

1. Basin Area [acres):

2. Curve Number [CN] [between 30 and 93): I

{* 2 Combined Surface Characteristics

1. All Directly Connected Impervious Areas [acres]: I45
2. All Pervious Areas [acres): I?5

3. All Impervious Areas Draining to Pervious Areas [acres]: |3|:|

= 3. SLAMM v6_2 Data File Name

1. SLAMM Data File Name:

Continue Cancel

In our example, the “combined surface characteristics’ is selected, which uses the correct runoff characteristics
associated with small and intermediate-sized events. The area associated with each surface category is entered, and
then the “ continue” button is clicked. The “SCS Curve Number Procedure” simply uses a constant curve number for
each event, but still uses the basic triangular hydrograph (and not the TR-55 tabular hydrograph, which is not
accurate for these smaller rains). The SLAMM data file option allows more resol ution in describing the surface

areas, and is especialy helpful if the ssmefileisbeing used for aSLAMM analysis, but the greater detail in
DETPOND isdesired for an outfall wet detention pond. When these data are entered, the main screen shows that the
status of each datarequirement category is*“complete.” The file needsto be saved again, as shown in the following
window:

“*~ DETPOND for Windows Main Menu E= B
| File Dptions Utiities Help
Mew. .
DOpen.

nt File Format)...

l,Iasse)(p_pnd

Save Az [DOS File Format)...
Save Az [Curent File Farmat)....
Input File 3

Output Options. Data Requirements:

E xit

EFile Mame Information Status: Complete
&i Stage Area Information  Status: Complete
Edit | Outlet Information Status: Complete
Edit | Bain Information Statuz: Complete

«Eiit:] Drainage Bagin Runoff Status: Complete
Procedure

View Output With Eile Viewer |

Calculate Exit Program |
Yiew Output With Notepad |
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The file nameis verified by clicking on “OK” in the following dialog box:

DETPOND for Windows |

5 aving File G:vwdpd1helaszexp pnd

Cancel |

Finally, thelarge “calculate” buttonis clicked and after afew seconds, the program is completed. Thefile viewer is
then clicked and the output file is selected. The following window then appears:

i WSLAMM File Yiewer M=l E3

bETPDND for Windows Version 7.1.86
{2} Copyright Robert Pitt and John VWoorhees 159596
411 RBights Reserwed

Pond file name: Gihwdp?lhclassexp.phnd

Ponnd file description: This is an example of the design procedure
PBain file name: Goywdp 7?1 Bhan 5290 ran

Model PBun Start Date: 01701776 Model PBun End Date: 1E2731/576
Date of run: 0E-17-Z000 Time of run: 189:432:18

Detention Pond Water Ouality Performance Summary, by Event

Dain Dain Lain Time Dain Intrevnt Lain Maximun Minimuamn Even
Nunher Date Depth (Julian Duration Duration Intensity Pond Pond Infl
fim) day=h thr=) (daysh {in/hr) Stage Stage Wolw
(EL) [ 31 {ac—
E,641 0170271376 0.46 2765.8 9.00 3.03 0.0& 4.14 Z.00 EE
E,642 0170771376 0.58 B770.Z 3.00 .73 0.0& 4. 4F 3.3 E.9
2,643 0171151976 O0O.Z25 8774.3 L.00 0.88 0.05 3.85 3.25 1.0
Z,644 01/13/1%7¢ 0.03 877L.9 £.00 0.07 0.0l 3.39 3.36 0.0
E,645 0171371376 0.01 B77E.3 l.00 0.ZE 0.0l 3.326 3.3E 0.0
E,646 0171371376 0.38 87767 Z.00 6.Z24 o.13 [ 3.17 1.9
2,647 0172071376 0.05 27832 S.00 333 0.0l 3.20 3.13 0.0
E,648 O01l/E4/1%7¢ 0.03 2787.3 Z.00 0.7g 0.0l 3.14 3.13 0.0
E,649 D01l/E5/1376 E_33 8788.4 zo.ao B.33 0.1& 5. 64 3.1E 143
Z,650 0E/05/1276 O0.51 8799.7 9.00 4.23 0.0& 4.27 3.12 2.5
2,681 D0Ef11/1%7¢ 0.01 280E5.3 1.00 . &0 0.0l 3.19 3.11 0.0
E,BEZ D0EflEf/l376  0.67 281lZ.0 2.00 Z.ZE o.og 4.61 3.11 3.6 |
« I _"I_I

This example shows the default file output format, or one line per event. The “file, output” drop down menu offers
several other options. Thefileisautomatically saved as a comma separated value (CSV) file that can be directly
opened with a spreadsheet program. In addition, the input file can also be savedto afile that can be openedin a
spreadsheet for examination. Theinput file for this example is shown as Table A -1, while the output file (after
adding some column statisticsin Excel) isshownin Table A-2. It is also possible to plot these data from within the
spreadsheet, or in any graphing program.
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Table A-1. Input File Associated with Example Problem

Pond file name: G \WDP71\ CLASSEXP. PND

Pond file description: This is an exanple of the design procedure
Particle Size file nanme: G \WDP71\ MEDI UM CPZ

Qut put Format Option: Water Quality Summary: One Line per Event
Qut put device: Print Qutput to File (extension .DPO

Date: 02-17-2000

Drai nage Basi n Runoff Procedure:
Combi ned Surface Characteristics

1. Al directly connected inpervious areas (acres): 45
2. Al pervious areas (acres): 75
3. All inpervious areas draining to pervious areas (acres): 30

Qutl et Characteristics:
Qutlet nunber 1
Qutlet type: V - Notch Wir
1. Weir angle (degrees): 45
2. Weir height frominvert: 4
3. Invert elevation above datum (ft): 3
Qutl et Characteristics:
Qutl et nunber 2
Qutlet type: Rectangular Wir
1. Weir length (ft): 20

2. Weir height frominvert: 1

3. Invert elevation above datum (ft): 6
Initial stage elevation (ft): 3
User defined pond efficiency factor (n): 5

Pond Stage, Surface Area, and Stage-related Qutfall Devices (if applicable)

Entry St age Pond Area Nat ural Seepage Ot her CQutfl ow

Nunber (ft) (acres) (in/hr) (cfs
0 0.00 0. 0000 0.00 0.00
1 0.50 0. 1000 0.00 0.00
2 1.00 0. 1300 0.00 0.00
3 1.50 0.1700 0. 00 0. 00
4 2.00 0. 2000 0.00 0.00
5 2.50 0. 9000 0.00 0.00
6 3.00 1. 2000 0.00 0.00
7 3.50 1. 5000 0.00 0.00
8 4.00 1. 8000 0. 00 0. 00
9 4.50 2.1000 0.00 0.00
10 5.00 2.4000 0.00 0.00
11 5.50 2.7000 0.00 0.00
12 6. 00 3. 0000 0. 00 0. 00
13 6.50 3. 3000 0.00 0.00
14 7.00 3. 6000 0.00 0.00

Rai n | nformation

Rain file name: G \wdp71\ BHAM6290. RAN
Rain starting date : 01/01/76
Rai n ending date : 12/31/76
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Table A-2. Output Data for Example Analysis (one-line per event)

DETPOND for Windows Version 7.1.6

© Copyright Robert Pitt and John VVoorhees 1996

All Rights Reserved

[ [ [
Pond file name: G:\wdp71\classexp.pnd

Pond file description: this is an example of the design procedure

Rain file name: G:\wdp71\bham5290.ran

Model Run Start Date: 01/01/76 Model Run End Date: 12/31/76

Date of run: 02-17-2000 Time of run: 18:43:18

Detention Pond Water Quality Performance Summary, by Event

Rain Rain Date [Rain [Time Rain (Intrevnt|Rain Maximum |Minimum |Event |[Event |[Event |Event [Event |Flow- Approx. |Peak Event

Number Depth |(Julian |Dur. [Dur. Intensity |Pond Pond Inflow [Hydr |Infil Evap [Total |weighted|Part Res |Reduction [Flushing

(in) days) |(hrs)[(days) |(in/hr) [Stage (ft) |Stage (ft)|Volume [Outflow|Outflow|Outflow|Outflow|Particle |Control |Factor Ratio
(ac-ft) |(ac-ft) |(ac-ft) [(ac-ft) |(ac-ft) |Size (%)

2,641 /76| 0.46| 8765.8 9 3.03 0.05 4.14 3.00 2.24] 1,948 0 0] 1.948 1.1 97.7 0.72 2.074
2,642 1/7/76| 0.58| 8770.2 9 2.73 0.06 4.42 3.23| 2.931] 2.906 0 0[ 2.906 1.5 96.2 0.63 2.714
2,643 1/11/76] 0.25| 8774.3 5 0.88 0.05 3.85 3.25| 1.089] 0.879 0 0of 0.879 0.6 99.3 0.84 1.008
2,644 1/13/76] 0.03| 8775.9 2 0.07 0.01 3.39 3.36] 0.017| 0.068 0 0f 0.068 0.2 99.8 0.39 0.015
2,645 1/13/76] 0.01| 8776.3 1 0.22 0.01 3.36 3.32| 0.002] 0.052 0 0[ 0.052 0.1 99.9|N/A 0.002
2,646 1/13/76| 0.38| 8776.7 2 6.24 0.19 4.34 3.17[ 1.939] 2.122 0 0] 2.122 1.7 95.3 0.89 1.795
2,647 1/20/76] 0.05| 8783.2 5 3.33 0.01 3.2 3.13| 0.046 0.09 0 0 0.09 0 100 0.91 0.043
2,648 1/24/76] 0.03| 8787.3 2 0.78 0.01 3.14 3.13] 0.017[ 0.016 0 0[ 0.016 0 100 0.95 0.015
2,649 1/25/76| 2.33| 8788.4] 20 8.33 0.12 5.64 3.12| 14.977] 14.99 0 o[ 14.99 3.3 88.8 0.22| 13.868
2,650 2/5/76( 0.51f 8799.7 9 4.23 0.06 4.27 3.12| 2523 2.427 0 0| 2.427 1.3 96.9 0.68 2.336
2,651 2/11/76] 0.01[ 8805.3 1 6.6 0.01 3.19 3.11] 0.002] 0.112 0 o[ 0.112 0 100 0.54 0.002
2,652 2/18/76| 0.67[ 8812 8 2.22 0.08 4.61 3.11| 3.678] 3.444 0 0f 3.444 1.7 95.3 0.63 3.405
2,653 2/21/76] 0.61| 8815.5 3| 12.59 0.2 4.79 3.10[f 3.318] 3.511 0 0] 3.511 2.2 93.1 0.8 3.072
2,654 3/5/76] 0.85| 8828.5 23 0 0.04 4.47 3.10] 4.801] 4.465 0 0f 4.465 1.7 95.2 0.36 4.445
2,655 3/8/76| 1.11| 8831.7] 17 0.91 0.07 4.85 3.31] 6.224[ 6.283 0 0| 6.283 2.2 93.3 0.36 5.763
2,656 3/12/76 0.3 8835.1 5 0 0.06 4.01 3.31] 1.366| 0.642 0 o[ 0.642 1.2 97.6 0.81 1.265
2,657 3/12/76] 1.18| 8835.6 4 1.82 0.29 5.77 3.37| 6.892 7.52 0 0 7.52 3.2 89.3 0.62 6.382
2,658 3/15/76| 3.64[ 8838 27 1.24 0.13 6.02 3.24| 25.13| 25.319 0 0 25.319 3.8 86.7 0.12| 23.268
2,659 3/20/76] 0.04[ 8843.3 2 0.2 0.02 3.26 3.24] 0.029] 0.031 0 o[ 0.031 0.1 99.9 0.88 0.027
2,660 3/20/76] 1.14| 8843.8 6 2.93 0.19 5.4 3.24[ 6.616] 6.576 0 0| 6.576 2.8 90.8 0.58 6.126
2,661 3/24/76] 0.04[ 8847.7 6 0.81 0.01 3.27 3.21] 0.029] 0.102 0 o[ 0.102 0.1 99.9 0.6 0.027
2,662 3/26/76| 1.56| 8849.4| 17 0.62 0.09 5.22 3.21] 9.111 8.928 0 0| 8.928 2.7 91.1 0.31 8.436
2,663 3/29/76 2.2| 8852.5] 12 0 0.18 5.93 3.35| 13.098| 11.551 0 0 11.551 3.8 86.6 0.33] 12.128
2,664 3/30/76] 2.09| 8853.4] 22 8.99 0.09 5.44 3.11]| 12.864| 14.718 0 0 14.718 3 89.8 0.2 11.911
2,665 4/11/76| 0.21| 8865.7 5 1.42 0.04 3.67 3.11| 0.878] 0.618 0 o[ 0.618 0.4 99.6 0.89 0.813
2,666 4/13/76] 0.05| 8867.9 7 9.74 0.01 3.32 3.1] 0.046 0.32 0 0 0.32 0.1 99.9 0.56 0.043
2,667 4/24/76[ 0.84[ 8878.7 9 3.9 0.09 4.78 3.11f 4.528| 4.388 0 0] 4.388 2 94.1 0.58 4.192
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2,668 4/30/76 0.09| 8883.9 8 0 0.01 3.31 3.21] 0.165] 0.055 0 0[ 0.055 0.1 99.9 0.87 0.153
2,669 4/30/76] 0.94| 8884.6] 11 4.31 0.09 4.88 3.19| 5.245| 5.374 0 0f 5.374 2.2 93.3 0.48]  4.856

Table A-2. Output Data for Example Analysis (one-line per event) (cont.)

Rain Rain Date |Rain |Time Rain {Intrevnt|Rain Maximum [Minimum [Event |Event [Event |Event |Event [Flow- Approx. |Peak Event

Number Depth |(Julian |Dur. [Dur. Intensity |Pond Pond Inflow [Hydr |Infil Evap [Total |weighted|Part Res |Reduction [Flushing

(in) days) |(hrs)[(days) |(in/hr) [Stage (ft) |Stage (ft)|Volume [Outflow|Outflow|Outflow|Outflow|Particle |Control |Factor Ratio
(ac-ft) |(ac-ft) |(ac-ft) [(ac-ft) |(ac-ft) |Size (%)

2,670 5/6/76] 1.71| 8890.5 15 0 0.11 5.44 3.19| 10.482| 8.863 0 O[ 8.863 3.3 88.8 0.32 9.705
2,671 5/7/76] 0.03| 8891.5 2 0.07 0.01 4.19 3.8 0.017] 0.723 0 o[ 0.723 1.5 96.3|N/A 0.015
2,672 5/8/76 0.3 8891.9 8 1.34 0.04 4.17 3.34| 1.386] 2.109 0 0] 2.109 1.1 97.6 0.56 1.283
2,673 5/10/76] 0.06] 8894.5 2 0.03 0.03 3.37 3.33] 0.067| 0.052 0 o[ 0.052 0.2 99.8 0.87 0.062
2,674 5/10/76 0.2 8894.8 6 1.68 0.03 3.78 3.29| 0.832] 0.905 0 0[ 0.905 0.5 99.5 0.8 0.77
2,675 5/13/76] 3.83| 8897.4| 34 0 0.11 5.86 3.3| 26.954( 25.826 0 0| 25.826 3.8 86.8 0.11f 24.958
2,676 5/15/76] 0.01] 8899.4 1 0.68 0.01 4 3.54| 0.002] 0.784 0 o[ 0.784 1.2 97.8|N/A 0.002
2,677 5/16/76| 0.07| 8900.2 2 6.24 0.04 3.57 3.15] 0.092] 0.633 0 0f 0.633 0.3 99.7 0.73 0.085
2,678 5/22/76| 2.33[ 8906.8] 25 0.21 0.09 5.47 3.15| 15.033| 14.822 0 0 14.822 3.1 89.5 0.19] 13.919
2,679 5/26/76 0.02 8910.7 4 0.15 0 3.31 3.26] 0.007|] 0.068 0 0[ 0.068 0.1 99.9|N/A 0.007
2,680 5/27/76| 0.02 8911.5 1 0.43 0.02 3.27 3.24| 0.007] 0.039 0 o[ 0.039 0.1 99.9 0.74 0.007
2,681 5/28/76] 0.23] 8912 8 0 0.03 3.77 3.24] 0.994| 0.522 0 0[ 0.522 0.7 99.3 0.79 0.92
2,682 5/28/76] 0.05] 8912.9 3 3.05 0.02 3.56 3.22[ 0.046] 0.548 0 0| 0.548 0.3 99.7 0.2 0.043
2,683 6/1/76] 0.48| 8916.4] 10 15.5 0.05 4.26 3.08| 2.488| 2.655 0 0f 2.655 1.3 96.8 0.63 2.304
2,684 6/18/76 0.03| 8933.4 1 0.6 0.03 3.1 3.08| 0.017] 0.005 0 0[ 0.005 0 100 0.99 0.016
2,685 6/19/76| 1.78[ 8934.1] 24 7.4 0.07 5.15 3.1 10.778] 10.74 0 0 10.74 2.7 91.1 0.23 9.98
2,686 6/30/76] 0.46[ 8945.1 3 3.63 0.15 4.4 3.13| 2.414| 2.256 0 o[ 2.256 1.6 95.5 0.85 2.235
2,687 7/4/76] 1.17| 8949.2 14 7.19 0.08 5 3.14| 6.626] 6.751 0 0f 6.751 24 92.4 0.4 6.136
2,688 7/13/76] 0.26] 8958.5 1 2.89 0.26 3.88 3.14] 1.163 0.99 0 0 0.99 0.9 98.9 0.97 1.077
2,689 7/16/76] 0.03| 8961.5 1 4.81 0.03 3.27 3.14[ 0.017] 0.175 0 0| 0.175 0.1 99.9 0.88 0.016
2,690 7/21/76] 0.09[ 8966.5 1 1.89 0.09 3.26 3.14| 0.164 0.1 0 0 0.1 0.1 99.9 0.99 0.152
2,691 7/23/76] 0.26] 8968.5 1 3.81 0.26 3.92 3.19] 1.163] 1.109 0 o[ 1.109 1 98.5 0.96 1.077
2,692 7/27/76] 0.91f 8972.5 2 0.07 0.46 5.43 3.23| 5.207| 3.302 0 o[ 3.302 3.2 89.1 0.82 4.821
2,693 7127176 0.1 8972.9 1 0.31 0.1 4.37 3.83] 0.216] 1.182 0 of 1.182 1.9 94.4 0.48 0.2
2,694 7/28/76] 1.63[ 8973.3 6 0.35 0.27 6.06 3.69| 9.856| 10.094 0 0 10.094 3.6 87.5 0.46 9.126
2,695 7/29/76| 0.17| 8974.6 3 0.18 0.06 3.94 3.63| 0.615] 0.702 0 o[ 0.702 1 98.5 0.78 0.569
2,696 7/30/76] 0.23] 8975.2 3 0.76 0.08 4.06 349 0.947[ 1.173 0 0] 1.173 1.1 97.8 0.81 0.877
2,697 7/31/76] 0.07| 8976.4 1 6.02 0.07 3.54 3.15] 0.091] 0.556 0 0[ 0.556 0.3 99.7 0.88 0.085
2,698 8/6/76 0.3 8982.6 2 0.57 0.15 3.99 3.16] 1.392| 0.826 0 0of 0.826 1.1 98.1 0.93 1.289
2,699 8/7/76] 0.54| 8983.5 1 7.93 0.54 4.89 3.14| 2.849 3.31 0 0 3.31 2.6 91.6 0.91 2.638
2,700 8/15/76 0.06[ 8991.5 3 0.47 0.02 3.19 3.14| 0.066] 0.027 0 o[ 0.027 0 100 0.96 0.061
2,701 8/16/76| 0.93| 8992.5 3 7.63 0.31 5.34 3.15[ 5.323| 5.297 0 0| 5.297 2.9 90.2 0.76] 4.929
2,702 8/24/76| 0.86[ 9000.5] 11 1.23 0.08 4.76 3.15| 4.763] 4.502 0 0[ 4.502 1.9 94.3 0.52 4.41
2,703 8/27/76] 0.34[ 9003.4 6 0 0.06 4.11 3.34] 1.621] 0.891 0 0] 0.891 14 96.8 0.76 15
2,704 8/28/76/ 0.11| 9004 4 0 0.03 3.84 3.69 0.28| 0.471 0 o[ 0.471 0.9 99 0.52 0.259
2,705 8/28/76| 0.17| 9004.4 2 0.87 0.09 3.97 3.47| 0.599] 0.947 0 0f 0.947 1 98.4 0.84 0.554
2,706 8/29/76] 0.03[ 9005.6 1 247 0.03 3.47 3.24] 0.017] 0.351 0 0f 0.351 0.2 99.8 0.53 0.016
2,707 9/1/76] 1.41] 9008.2] 10 0.71 0.14 5.44 3.24| 8.393] 8.109 0 0[ 8.109 2.9 90.5 0.43 7.771
2,708 9/3/76] 0.25[ 9010.4 7 0 0.04 3.92 3.44[ 1.097] 0.763 0 0] 0.763 1 98.6 0.73 1.016
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2,709 9/4/76( 0.05[ 9011.2 7 0 0.01 3.65 3.43| 0.046[ 0.383 0 0| 0.383 0.4 99.6|N/A 0.043
2,710 9/5/76| 0.44] 9012 14 0 0.03 4.16 3.43| 2.195| 2.054 0 o[ 2.054 1.3 97 0.53 2.032
2,711 9/6/76| 0.04 9013.6 1 0.64 0.04 3.54 3.39 0.03] 0.235 0 0] 0.235 0.3 99.7 0.64 0.028
2,712 9/7/76] 0.11] 9014.4 2 2.2 0.05 3.55 3.26] 0.278] 0.463 0 o[ 0.463 0.3 99.7 0.92 0.257
Table A-2. Output Data for Example Analysis (one-line per event) (cont.)

Rain Rain Date [Rain [Time Rain [Intrevnt|Rain Maximum |Minimum |Event |[Event |[Event |Event [Event |Flow- Approx. |Peak Event
Number Depth |(Julian |Dur. [Dur. Intensity |Pond Pond Inflow [Hydr |Infil Evap [Total |weighted|Part Res |Reduction Flushing

(in) |days) [(hrs)|(days) [(in/hr) [Stage (ft) |Stage (ft)| Volume | Outflow|Outflow|Outflow|Outflow|Particle |Control |Factor Ratio

(ac-ft) |(ac-ft) |(ac-ft) [(ac-ft) |(ac-ft) |Size (%)

2,713 9/10/76] 0.01| 9016.9 1| 10.89 0.01 3.26 3.09] 0.002[ 0.217 0 0| 0.217 0.1 99.9 0.05 0.002
2,714 9/21/76] 0.06] 9028 2 5.16 0.03 3.15 3.09] 0.067 0.06 0 0 0.06 0 100 0.99 0.062
2,715 9/26/76 0.12[ 9033.4 2 0.45 0.06 3.35 3.1 0.345] 0.085 0 0[ 0.085 0.1 99.9 0.98 0.319
2,716 9/27/76] 0.03[ 9034.2 1 1.43 0.03 3.3 3.22| 0.017[ 0.115 0 o[ 0.115 0.1 99.9 0.84 0.016
2,717 9/28/76| 2.39 9035.8] 16| 4.93 0.15 5.85 3.17| 15.04| 15.111 0 0f 15.111 35 88 0.26] 13.926
2,718 10/6/76] 0.04| 9043.1 2 0.16 0.02 3.19 3.17] 0.029( 0.014 0 0| 0.014 0 100 0.95 0.027
2,719 10/6/76] 0.01] 9043.5 1 1.35 0.01 3.18 3.15] 0.002| 0.036 0 0f 0.036 0 100 0.6 0.002
2,720 10/8/76] 0.01] 9045 1 0.39 0.01 3.15 3.15] 0.002 0.01 0 0 0.01 0 100 0.73 0.002
2,721 10/8/76] 0.15] 9045.6 5 7.33 0.03 3.48 3.13| 0.506] 0.526 0 0[ 0.526 0.2 99.8 0.92 0.469
2,722 10/16/76] 0.05] 9053.7 6 247 0.01 3.16 3.12| 0.046] 0.054 0 0f 0.054 0 100 0.93 0.043
2,723 10/20/76] 0.15] 9057 2 4.66 0.08 3.47 3.12| 0.491f 0.428 0 o[ 0.428 0.2 99.8 0.97 0.455
2,724] 10/25/76] 0.64] 9062 14 2.86 0.05 4.39 3.17 3.35] 3.286 0 o[ 3.286 1.5 96.1 0.52 3.102
2,725| 10/30/76] 0.54[ 9067| 11 10.77 0.05 4.32 3.11] 2.762[ 2.901 0 0] 2.901 14 96.4 0.6 2.557
2,726 11/11/76] 0.23| 9079.4| 13 0.8 0.02 3.66 3.11] 0.996] 0.751 0 0 0.751 0.4 99.6 0.76 0.922
2,727] 11/14/76] 0.91] 9082.1| 19 3.28 0.05 4.62 3.19] 5.072| 5.205 0 0f 5.205 1.8 94.6 0.37 4.696
2,728 11/20/76] 0.22| 9088.3 7 4.95 0.03 3.73 3.17| 0.938] 0.965 0 0[ 0.965 0.5 99.5 0.83 0.868
2,729 11/26/76] 0.12| 9094.3 9 0 0.01 3.38 3.17| 0.332] 0.145 0 o[ 0.145 0.1 99.9 0.88 0.307
2,730 11/27/76] 0.02| 9095.4 2 0.24 0.01 3.31 3.28] 0.007[ 0.052 0 o[ 0.052 0.1 99.9 0.27 0.007
2,731 11/28/76] 0.73] 9096 22 5.12 0.03 4.37 3.15 3.941] 4.109 0 0f 4.109 1.5 95.9 0.38 3.649
2,732 12/6/76] 0.59| 9104.4| 19 1.86 0.03 4.23 3.15| 3.089[ 2.979 0 0] 2.979 1.3 96.9 0.47 2.86
2,733 12/11/76] 1.09] 9109.1| 38 0 0.03 4.45 3.23| 6.291] 6.124 0 o[ 6.124 1.8 95 0.22 5.825
2,734] 12/14/76] 0.25| 9112.8 5 433 0.05 3.91 3.19] 1.089] 1.304 0 o[ 1.304 0.8 99 0.81 1.008
2,735 12/20/76] 0.87| 9117.9 9 3.94 0.1 4.84 3.2 4.703] 4.685 0 0f 4.685 2.1 93.7 0.56] 4.354
2,736 12/25/76] 1.35| 9123.2| 13 3.3 0.1 5.22 3.21| 7.948] 7.934 0 o[ 7.934 2.7 91.3 0.39 7.359
2,737| 12/30/76[ 0.01f 9128.5 1 0.18 0.01 3.21 3.21] 0.002[ 0.014 0 0| 0.014 0 100 0.39 0.002
2,738 12/30/76] 0.19] 9128.8 7 1.99 0.03 3.65 3.21| 0.765| 0.696 0 0[ 0.696 0.3 99.7 0.84 0.708

Rain Depth (in) |Rain [Intrevnt [Rain Maximum |Minimum |Event |Event |[Event |Event [Event |Flow- Approx. |Peak Event
Dur. [Dur. Intensity |Pond Pond Inflow [Hydr |Infil Evap [Total |weighted|Part Res |Reduction [Flushing

(hrs) [(days) |(in/hr)  |Stage (ft) [Stage (ft)[ Volume | Outflow|Outflow|Outflow|Outflow| Particle |Control |Factor Ratio

(ac-ft) |(ac-ft) |(ac-ft) [(ac-ft) |(ac-ft) |Size (%)
minimum: 3.83 38.0] 15.50 0.54 6.06 3.83| 26.95 25.83 0.00 0.00[ 25.83 3.80] 100.00 0.99 24.96
0

maximum: 0.01 1.00 0.00 0.00 3.10 3.00 0.00 0.01 0.00 0.00 0.01 0.00 86.60 0.05 0.00
st dev: 0.76 7.71 3.22 0.09 0.83 0.15 5.03] 4.95 0.00f 0.00] 4.95 1.15 4.04 0.25 4.66
average: 0.56 7.57 2.70 0.08 4.13 3.23 3.21 3.20 0.00]  0.00 3.20 1.22 96.55 0.64 2.97
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cov 1.35 1.02 1.19 1.18 0.20 0.05 1.57 1.55|na na 1.55 0.94 0.04 0.40 1.57
median: 0.24 5.00 1.39 0.05 3.96 3.19 1.04 0.90 0.00 0.00 0.90 1.00 98.45 0.68 0.97
total: 55.15 742 265 314 314 0.00 0.00 314 291
number: 98
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Example 1: Create a Rain Filefor Usein DETPOND

Create arain file with the following four rainfall events:

01/14/87 11:00 01/15/87 03:00 0.21
01/16/87 14:.00 01/16/87 16:00 0.05
0V/17/87 1800 01/19/87 02:00 3.79
01/21/87 21:00 01/22/87 07:00 0.46

Step Command or Model Parameter Enter Value:
Number
1 Run the parameter module DPPARAS5
2 Select option 1: Rain datafiles 1
3 Select option 1: Createarainfile 1
4 Enter the number of rain events 4
5 Enter the last two digits of the year of therain events 87
6 Enter the beginning date for the first event in the format MM DD 0114
7 Enter the beginning time for the first event in the format HHMM 1100
8 Enter the ending date for the first event in the format MMDD. If the 0115
ending date is the same as the beginning date, press enter
9 Enter the ending time for the first event in the format HHMM 0300
10 Enter therainfall depth multiplied by 100 21
11 Enter the second rainfall event 0116
1400
<ENTER>
1600
5
12 Enter the third rainfall event 0117
1800
0119
0200
379
13 Enter the fourth rainfall event 0121
2100
0122
0700
46
14 Enter the new rain file name EX06
15 Exit the program 9
3
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Example 2: Edit the Rain File Created in Example 1

Edit therain file created in example 1 by:

1. Changing the beginning time of the second rainfall from 14:00 to 13:00
2. Insert thisnew rain event between events 3 and 4:

01/20/87 03:.00 01/20/87 12:00 034

3. Changing therainfall depth of the fourth rainfall from 0.46 to 0.57

Step
Number

1

N o 0ok 0N

10
11

13

14

16
17
18

19

Command or Model Parameter

Run the parameter module

Select option 1: Rain datafiles

Select option 2: Review or edit arain file
Enter the name of the rain file you want to edit
Select the option to change arain event

Enter the rain number you want to edit

Change the beginning time of the second rainfall from 14:00 to 13:00
using the format HHMM. Press enter to bypass those val ues you do not
want to change

Beforeinserting anew rain event, enter the event year

Add anew rain event

Enter the rain number you want to insert the new rain after
Enter the beginning date for the new event in the format MM DD
Enter the beginning time for the new event in the format HHMM

Enter the ending date for the new event in the format MMDD. If the
ending date is the same as the beginning date, press enter

Enter the ending time for the new event in the format HHMM
Enter therainfall depth, multiplied by 100, for the new event
Select the option to change arain event

Enter the rain number you want to edit

Change the rainfall depth of thefifth rainfall from 0.46 to 0.57. Press
enter to bypass those values you do not want to change

Enter the new rain file name
Exit the program
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Enter Value:

DPPARASS5
1
2
EX06
2
2

<ENTER
1300

<ENTER>

<ENTER>

4
87
1

3
0120
0300

<ENTER>

1200
A
2
5
<ENTER>
<ENTER>
<ENTER>
<ENTER>
57
EX07

9
3



Example 3: Create a Rain File from CD ROM Data

Use the Parameter Module to create a DETPOND/SLAMM-formatted rain file directly from rainfall data. The
program will create the rain file based upon the minimum number of hours between rains and the minimum rainfall
event depth values entered by the user. The data must be in the following comma-separated value format, which
beginswith the date and is followed by 24 values of hourly rain totals:

02/05/1976,0.00 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00,0.00 ,0.00 ,0.00,0.00 ,0.01 ,0.10 ,0.18 ,0.01,0.05 ,0.00,0.01 ,0.00 ,0.04 ,0.10 ,0.05 ,0.12 ,0.30

Step Command or Model Parameter Enter Value:
Number
1 Run the parameter module DPPARAS5
2 Select option 1: Rain datafiles 1
3 Select option 8: Create arain file from standard format data 8
4 Enter the name of the comma-separated-val ue file that you want to convert EXHOUR.CSV
to aDETPOND/SLAMM rain file. Includethe extension
5 Enter the name of the file you want to save therain file created from EX08
EXHOUR.CSV
6 Enter the minimum number of hours you want between rainfall events 4
7 Enter the minimum rainfall depth you want in therainfile 0.01
8 Exit the program 9
3
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Example 4: Stochastically Generate a Rain File

Statistically evaluate an existing rain file to determine the rank correlation between rainfall depth and duration, the
average depth, average duration, and average time between rains. Use thisinformation to create a stochastically
generated rainfall series.

Step Command or Model Parameter Enter Value:
Number
1 Run the parameter module DPPARAS5
2 Select option 1: Rain datafiles 1
3 Save an existing rain filein aformat with duration and interevent 4
calculations appended to the data BHAM77
4 Calculate the statistics for therain file 7
2
BHAM77.RES
5 Record the results of therainfall data analysis:
Rank Correlation: 0.595
Rainfall Average: 0.62
Duration Average: 0.48 daysor 12 hours
Interevent Period Average: 3.29 daysor 79 hours
6 Exit the data analysis screen <ENTER>
7 Select option 6: Create agenerated rain file 6
8 Create agenerator datafile 3
9 Enter agenerator file name 1
EX09
10 Enter the mean depth for the generated rain file 2
0.62
11 Enter the minimum recorded rain depth (in) 3
01
12 Select therainfall duration distribution (exponential in this example) and 4
enter the mean rain duration, 12 hours, (for both exp onential and gamma 1
distributions) and duration variance (gammadistribution only) 12
13 Enter the mean time between rains (hours) 5
79
14 Enter the minimum time between rains (hours) 6
6
15 Generate 100 events 7
100
16 Select the seed. Enter an integer value or select zero to use the timer 8
42
17 Enter the depth-duration rank correlation coefficient 9
0.595
18 Enter the desired rainfall starting date in the format MMDDY'Y 10
01/01/88
19 Savethe rain generator datafile 14
20 Create agenerated DETPOND/SLAMM format rain file using the data 1
fileyou just created EX09
21 Exit the program 9
3
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Example 5: Create a Particle Size Distribution File

Create aparticle distribution file from the MIDWEST data particle size distribution.

Step
Number

1

o O~ WN

17

Command or Model Parameter

Run the parameter module

Select option 2: Particle Size datafiles

Select option 1: Create anew particle size distribution file
Enter the name of the new particle size distribution file

Enter the description of the new particle size distribution file

For each entry, enter the percent of the particlesthat are greater than the
corresponding critical particle size

Exit the program
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Enter Value:

DPPARAS5
2
1
EX10
Midwest

for 1 micron: 100
for 2 microns: 98
for 3microns: 94
for 4 microns; 91
for 5microns: 88
for 6 micron: 86
for 7 microns. 84
for 8 microns:. 82
for 9 microns: 80
for 10 microns. 78
for 11 micron: 75
for 12 microns. 72
for 13 microns. 70
for 14 microns. 67
for 15 microns. 64
for 20 micron: 60
for 25 microns. 57
for 30 microns: 53
for 35 microns: 48
for 40 microns. 44
for 50 microns. 42
for 60 microns. 38
for 80 micron: 34
for 100 microns. 28
for 150 microns; 18
for 200 microns. 16
for 300 microns: 12
for 500 micron: 7
for 800 microns: 4
for 1000 microns. 3
for 2000 microns. 1

4
3



