STORMWATER MANAGEMENT

Broad-leaf Arrowhead:
A Workhorse of the Wetland

The broad-leaf srrowhead (Sagittaria tatifolia)
is a native North American wetland plant found in
sowthemn Canada and much of the United States.
Many practitioners have found it
especinlly useful for welland enhance- "@’9’ 9,
ment, restoralion, and crealion projects éﬂ;
bezause of severpd desirable characterds- ¢
ties, Marbueger (1993) points out, how-
ever, there 13 stil] mueh ta be learned about
its ecalogy and physfology before routinely
investing in large seale planting
und management schemes. ‘

The plant Is identified by {3
. ) b
its rosettes of arrowltead-shaped IR
leaves. Flowers are white with I
three petals and arranged in wharla
around a tong statk. Ha most
distinctive feature is the starchy 3
tuber produced fram the thizemes, )
This phenamenon gives rise ta its
conunon name of dwck potuto. This
“patale” porlon of the plant is con-
sumed by muskrats, porcupines, govse,
and other animals, Native Americans and
European settlers also used the tuber as a
foad source,

While ifs days as wman food

= /
have fong since past, other beneficial HIKEN
Adapted from Fassott, 1060

charpeteristics of brond-leaf arrow-
head have propelled it inte the field of
weliand restoration. Speeiol eharacterstios inelude
the following,

1. Adaptation to g wide range of condltions, The
plant peesisis under stabitized water levels of less
than 50 em and few drawdowns and survives in
pHs from §,9-8.8, It has been found in highly
calcarcous water and in a variety of sail types
including sandy loams and silty clays. While it
can withstand turbid conditions, it does not toler-
ate severe sediment deposition,

2, Nutrieat sptake. Arrowhead rapidly fakes up
phesphorus from the sediments and relains it in
its tissue. tn one South Carolina study it had the
highest leaf tissue composition of phesphorus of

17 wetland plants analyzed (Boyd, 1970). Far -

this reason Arrowhead is o fien selected forusein
municipal and domestic wastewlor trealment
systemns, constructed wetlands, and for stonnwa-
ter unofT tralment.

3. Heavy metal uptake. In surveys in South
Carolina and Michigan, broad-leaf arrowhead
was found to have the highest leaf dry weight
coencentrations of several melals.,

4, Ease of plant propagation. Wetland plant

vendors can supply aclinenes, tubers, and con-

lainer-grown plants. Tubers are generally

preferred because they require less sile prepara-

tion. Plants are mere costly, but survive a wider
range of initiai conditions,

5. Raesisiance to disease and damage.
There are few reports of population
reductions due to pathogens, inscet
pests, and anined feeding. In sone
limited situation it may be neces-
A= sary to enclese areas with

7/ \?‘ protective fencing

to keep out musk-
rats and waierfowl,

In spite of many apparent

peints out there exists only o
iimited dala base on the installation and mon-
agement of the broad-lealarrowhead, cspecially
for large-scale applications, Before incorpo-

e Sme atingthe amawhead ins wetland design

the practitioner needs ta wark with plant
vendor to identify:

B 10he environmental factors at the
site are more favoruble fur germinating/grow-
ing achenes, tubers, or scedlings;

B if environmental factors are right for sustaining
a mature population of arrowheads; and

B 1f pathogens, animal herbivory, and/or other
plant species are likely to impaet the phant.

—i$
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Stormwater Management Fact Sheat: Stormwater Wetland

Description

Stormwater wetlands (a.k.a. constructed wetlands) are structural practices similar to wel ponds
(see Wet_Ponds Fact Sheet) that incorporate wetland plants In a shallow pool. As stormwater
runcff flows throtugh the wetland, poliutant remaval s achleved by setlling and biclogical uptake
within the practice. Wetlands are among the most effective stormwater practices in terms of
poliutant removal, and also offer aesthetic value. While natural wetlands can sometimes be used
lo treat stormwater runoff that has been properly pretreated, stormwater wetlands are
fundamentally different from natural wetland systems. Stormwater wetlands are designed
specifically for the purpose of treating stormwater runoff, and typically have less biodiversity than
natural wetlangs both in terms of plant and animal life. There are several design variations of the
stormwater wetiand, each design differing in the relative amounts of shallow and deep water, and
dry storage above the wetland.

AppHeablility

Wetlands are widely applicable stormwaler treaiment practices, While they have limited
applicability in highly urbanized settings, and in arid climates, they have few other restrictlons.

Reglonal Applicability

Stormwater wetlands can be applied in most regions of the United Statas, with the exception of
arid climates, In arid, and sven in semi-arid climates, it is difficult to design any stormwater
practice that has a permanent pool. Because wetlands are relatively shallow, water losses due to
avaporation can be high which can be critical for the wetland plants, This makes maintaining the
permanent poal in wetlands both more chailenging and more important than maintaining the pool
of a wet pond {see Wet Pond Fact Sheet}.

Ultra Urban Areas

Ultra urban areas are densely developed urban areas in which liltle pervious surface exists. |t ls
difficuit to use wet ponds in the ultra urban watershed because of the land area each wetland

consumes. They can, howsver, be used in these envirenments if a relalively large area is
availabie downstream of the site.

Stormwaler Holspols

Stormwater holspois are areas where land use or activities generate highly contaminated runoff,
with concentrations of poliutanis In excess of those typically found In stormwater. A typical
example is a gas station. Wetlands can accept runoff from stormwater holspots, but need
significant separation from groundwater if they will be used for this purpose. Cautlon also neads
to be exercised for siormwaler wetlands to ensure that pollutants in stormwater runoff do not work
their way up the feod chain of aquatic organisms fiving In or near the wetiand.

Stormwaler Refrofit

A stormwater retrofit is & stormwater management practice (usually structural) pul into place after
development has occurred, lo improve water quality, protect downslream channels, reduce
flooding, or meatl other watershed restoration objectives. When retrofitting an entice watershed,
stormwater wetltands have the advantage of providing both educational and habitat value. One
disadvantage to wellands, howevar, is the difficulty storing large amounts of runoff without

160 Attachment 7:4 07 - 0F - 2008



STORMWATER MANAGEMENT

consuming a large ‘amount of land. It is also possible to incorporale wetland slements into

axisting praclices, such as wetland plantings {see Wet Pond and Dry Extended Detention Pond
Fact Sheaets).

Cold Walter (Trout) Streams

Wetlands pose & moderate risk to cold water systems because of their polential for siream
warming. When water remains in the perinanent pool, it is heated by the sun. A study In Prince
Georges County, MD investigated the thermal Impacts of a wide rangs of stormwater
management practices. {Galil, 1890}. In this study, only one wetland was investigated, which was
an extended detention welland {sse Design Varlations). The practice Increased the average
temperature of stormwater runoff that flowed thraugh the practice by about 3 F. While this is less
than the temperature increase associated with wet ponds (see Wet Ponds Fact Sheet}, it cannot
be concluded from one study that wetlands necessarily increase temperatures less than wet
ponds. In fact, wellands may have a greater potential to Increase temperature because the
shallow portions of wetlands can easily be warmed by the sun.

Locational and Design Considerations

In addition to the broad concerns described above, designers need to consider conditions at the
site level. In addition, they need {o incorporate design features to improve the longevily and
performance of the practice, while minimizing the malntenance burden,

Locatiornal Considerations

Designers need to ensure that stormwater wetlands are feasible for a site. The following section
provides basic guidelines for locating wetlands.

Dralnage Area

Wetlands need sufficient drainage area to maintain a shallow permanent pool. In humid ragions,

about twenty-five acres of drainage area are needed, but a larger areas may be needed in
reglans with less rainfall. ‘

Slope

Wetlands ¢an be usad on sitas with an upstream slope up to about 15%. The local slope should
be relatively shaliow, however. While there Is no minimum slope requirement, there does need to
be snough elevation drop from the inlet fo the cutlet te ensure that hydraulic conveyance by
gravity is feasible (generally about three to five feet).

Solls /Topography

Woetlands can be used in almost all soils and geology, with minor design adjustments for regions
of karst topography. (See Designh Considerations).

Groundwater

Unless they recelve hotspot runoff, wetlands can often intersect the groundwater table. Some
research suggests that pollutant removal is moderately reduced when groundwater contributes
substantially to the pool volume (Schueler, 2000) (for more informatlon see Influence of
Groundwater on Performance of Stormwaler Ponds in Florida, Alicle 78 in_The Practice of
Watershed Protection). It is assumed that wetlands would have a simifar responsae,
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Design Considerations

Specific designs may vary considerably, depending on site constraints ot preferences of the
designer or communily. There are some features, however, that shotid be incorporated into most
wetland designs, These design features can be divided into five basic calegorles: pratreatment,
freatment, conveyance, maintenance reduction,.and fandscaping (for more Information sae the
Manual Builder Category).

Pretreatment

Pretreatment ls used to settie oul coarse sedimend particles prior o entry in the main wetland cell,
By removing sediments before they reach the wetland, the maintenance burden of the wetland is
reduced. In wetlands, pretreatment is achieved with a sediment forebay. A sediment forebay is a
small pool (lypically about 10% of the volume of the permanant pool). Coarse particles remain
trapped in the forebay, and maintenance is performed on this smalier podl, eliminating the need
to dredge or clean out sediments from the enlire wetiand.,

Treatment

Treatmant designh features halp enhance the ability of a stormwater trealment practice to remove
noilutants. Several features can enhance the ability of wetlands to remove poliutanis from
stormwater runoff, The purpose of most of these features is to increase the amount of time and
flowpath that stormwater remains in the wetiand. Some typicai design features include:

» The surface area of wetlands should be at least 1% of the dralhage area to the practice.

»  Wetlands should have a length to width ratio of at Isast 1.5:1. Making the wetland longer
than It s wide helps prevent "shost circuiting™ of the practice,

o Effective wetland design "complex microtopography”. in other words, wetlands should
have zones of both very shallow (<6") and moderately shailow (<18"} wetlands are
incorporated, using underwater earth berms to create the zones, This design will provide

a longer flow path through the wetland to encourage settling, and providss two depth
zones to encourage plant diversity,

Conveyance

Conveyance of runoff into and through a stormwater practice is a critical component of any
stormwater design. Stormwater should be conveyed to and from practices safely and to minimize
grosion potential. The outfall of pond systems should always be stabilized to prevent scour. In
addition, an emergancy spillway should be provided to safely convey large flood events. In order

to prevent warming at the outlet channe!, designers should provide shade around the channel at
the wetlands outlat.

Mal ce Reductio

In addition to regular maintenance activities, several dasign features can be Incorporated to ease
the malntenance burden of stormwater wetlands.

One potential maittenance concern in stormwater wetlands s clogging of the outiet. Wetlands
should be designed with a non-clogging outlet such as a reverse-slope pipe, or a welr outlet with
a trash rack. A reverse slope pipe draws from below the micropool extending In & reverse angle
up to the riser and establishes the waler elevation of the micropool. Because thesa outlets draw
watsr from below the level of the micropeool, they are less likely to be clogged by floating debris.
Another general rule is that no orifice should be less than 3" in diameter (smallar orifices are
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generaliy more susceptible to clogging, without speclfic deslgn considerations to reduce this
problem).

Wetlands should Incorporate design features that make sediment cleanouts of both the forebay
and the shallow pool easier. Wetlands should have direct maintenance access lo the forebay, to
allow this refatively routine (five to seven year) sediment cleanouts, In addltion, the shallow poal

should generally have a drain to draw down the wetland for the more infraquent dredging of the
main call of the wetland.

Landscaping

Landscaping of wetlands can make them an assel lo a community, and can also enhance their
pollutant remaval. To ensure the establishment and survival of wetland plants, a landscaping pian
should provide detailed information about the plants selected, when they will be planted, and a
strategy for maintaining them. The plan should detail welland plant specles, as well as vegetation
to be established adjacent to the wetland.

A variety of techniques can be used to establish wetland plants. The most efiective technique is
the use of nursery stock as dormant rhizomes, live potied plants, or bare roat stack. A "wetland
mulch,” soll from a natural wetland or a designed "wetland mix," can be used to supplement
wetland plantings or alone to establish wetland vegelation, Wetland mulch carrias with it the seed
bank from the original wetland, and can help to enhance diversity in the wetland. The least
expensiva option to establish wetlands Is to allow the wetland to colonize itself. One disadvantage
fo this last technique s that invasive specles such as cattails or Phragmites may dominate the
wettand (for more information see Nutrient Dynamics and Plant Diversity in Volunieer and Planted
Stormwater Wetlands, Article 89 in The Practice of Watershed Protection).

When developing a pian for welland planting, care needs to be taken to ensure that plants are
established In the proper depth and within the planting season. This season varies regionatly, and
is generally between two and three months long in the spring to early summer. Plant lists are
available for various regions of the United States through wetland nurseries, extension services,
or conservation districts.

Dasign Variations

There are several variations of the watland design. The designs differ in the proportion of the
volume of the wetland In deep pool, high marsh, low marsh, and whether volume is provided for

extended detention above the wetland surface. Other design variations heip to make wetland
designs practical In cold climates.

Shaliow Marsh

in the shallow marsh design, most of the wetland volume is in the relatively shallow high marsh or
low marsh depths. The only deep areas of the shallow wetland design are the forebay at the inlet
to the wetiand, and the micropool at the outlet. One disadvantage of the shallow marsh design is
that the pool is very shallow and a targe amount of land is typically needed to store the water
quality voiume (l.e., the volume of runoff to be treated In the wetiand) (see Figure 1).
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Extended Detentlon Wetland

This design Is similar to the shallow marsh, but with more storage above the surface of the
marsh. Stormwater Is temporarily ponded above the surface In the extended detention zone for
between twelve and twenty-four hours. This extended detention wetland can treat a greater
volume of stormwater in a smaller space than the shallow wetland design. In the extended
detention wetland option, plants that can talerate wet and dry pericds should be planted along the
shorelinas of the wetlands. (See Figure 2},
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The pondiwetland system combines a wet pond {ses Wel Pond Fact Shest) and a shallow marsh.
Stormwater runoff flows through the wet pond and into the shallow marsh. Like the extended
detentlon welland, thls design requires less surface area than the shaliow marsh because much
of the practice Is relatively desp (l.e., six to eight feet) (see Flgure 3).
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Pocket Wetland

This design Is very simllar to the Pocket Pond {see Wet Pond Fact Sheat). In this design, the
bottom of the wetland intersects the groundwater, which helps to maintain the permanent pool,
Some evidence suggests that groundwaler flows may reduce the overall effectiveness of
slormwater management practices (Schueler, 2000). This option may be used when there s not
significant drainage area to malntain a permanent pool for the stormwater wetland (see Figure 4).
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Gravel-Based Wetlands

In this design, runoff fiows through a rock filter with wetland plants at the surface. Pollutants are
removed through bilological activity on the surface of the rocks, as well as by pollutant uptake of
he piants. This practice Is fundamentally different from other wetland designs because, while
most wetland designs behave like Wet Ponds with differences in grading and landscaping, gravel-
based wetlands are more simitar to a filtering system. A proprietary version of the gravel-based
wetland, StormTreat®, operates on a similar principte (for more information sae The StormTreat
System: A New Technology for Treating Stormwater Runoff, Article 96 in The Praclice of
Watershed Protection). : :

Regionai Variations

Cold Climates

Cold climates present many chalienges to designers of wellands. During the spring snowmelt, a
large volume of runoff occurs, in a short time, which carries a relatively high pollutant load, In
addition, cold winter temperatures cause freezing of the shallow pool as weli as freezing up inlet
and outlet structures. Finally, high salt concentrations are spread by road salting which can
impact wetland vegetation. Also sediment loads from road sanding ¢an be high, and cause
premature loss of treatment capacity.

A key problem with stormwater wetlands (particalarly shallow marshes), is that the practice has
very shallow water depths. Therefore, much of the volume in the welland can be lost when the
surface lces over. One study found that the performance of a wetland system was moderataly
diminished during the spring snowmeilt bacause the cutlet and surface of the wetland had frozen.
Sediment and pollutants in snowmelt and rainfall events "skated" over the surface of the wetland,
depositing at the outlet of the wetland. When the ice melled, this sediment was washed away by
storm events (Oberts, 2000) (for more information ses Performance of Stormwater Ponds and
Wetlands in Winter, Article 71 and Pollutant Removal Dynamics of Three Canadian Wat Ponds,
Adicle 75 in The Practice of Watershed Protection). Several design features can help minimize
this problem, including: .

« Deslgn wetlands "on-line," so that flow continuously moves through the system, This can
help prevent outlets from freezing.

s Design wetlands with multiple cells, and a berm or weir separating each cell, This
modification helps to retain storage for treatment above the ice layer during the winter
Season.

e Use outlets that are resistant to freezing. Some examples include weirs, or pipes with
large diameters,

The salt and sand used lo remove ice from roads and parking fots may also create a problem for
wellands in cold climates. When wetlands recelve highway runoff, or parking lots, sall lolerant
wetland plan! specles, such as Pickerelweed or Cord Grass should be used. {Contact a local
nursery or extension agency for more information in your region). In addition, designers should

consider increasing the size of the sediment forabay t¢ capture the increasad sedimant load from
road sanding.

Karst Topoaraphy

In karst (i.e., limestone) topography, the bottom of wetlands should Incorporate an impermeable
liner 1o prevent groundwater contamination or sinkhole formation, and to help maintain the
shallow pool,
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Limltations

Some limitations of stormwater wetlands include:

]

Wetlands consume a refatively large amaount of space, making them an impractical option
on many sites whera surface land area is constrained or land prices are high,

Although design featuras can minimize the polential of wettands to become a breeding
area for mosquitees (McLean, 2000), there ¢an be public perception that watlands are a
mosquite source {for more Information see Mosquites in Constructed Wallands - A
Management Bugaboo?, Articte 100 in The Practice of Watershed Protection).

Wetlands require careful design and planning to ensure that wetiand plants surviva and
flourlsh after construction.

Some evidence exists that stormwater wetlands can release some nutrients during the

non-growing season.

. Deslgners should ensure that wetlands are not built in natural wellands or high quallty

forest.

Maintenance Considerations

Several regular maintenance and inspection practices are needed for stormwater wetlands as
outlined below:

dapted frolm Wi, 1997,

| T Activily

e e %

Replace wetland vegetation to maintain at least 50% surface area
covarage |n wetland plants after the second growing season.

One-Time
(after construction)

Inspect for invasive vegetation and remove wherg possible.

Semi-Annual Inspection |

Inspect for damage to the embankment and inlet/oullet structures,
Repal as necessary.

Note'signs of hydrocarbon buiid-up, and deal with appropriately.
Monitor for sediment accumulation In the facility and forebay.

Examine to ensure that inlet and cutlet devices are free of debris
and operational,

Annual
inspection

IIRepair undercut or eroded areas.

As Needed Maintenance

Clean and remove debris form inlet and outlet structures

Mow side slopes,

|[times/year) Malntenance

Frequent {3-4

Supplement wetland plants if a significant portion have not
astablished (at least 50% of the surface area).

Harvest wetland plants that have been "choked out" by sediment
(bulld-up.

lAnnual Maintenance

(if needed)

[Removal of sediment form the forebay.

5 to 7 year Maintenance |

vol volume has become reduced significantly, plants are "choked"

Lr:onltor sediment ascumulations, and remove sadiment whan the
&
ith sediment, or the wetland becomes eulrophic.

20 to 60 year
Malnienance
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Effectivenoss

Stormwater treatment practices can be used to achieve four broad resource protection goals.
These Inciude: Flood Control, Ghannel Protection, Groundwater Recharge, and Pollutant
Removal (see the Manual Bullder Category for more information). Wetlands, however can only
meet fiood control and channel protection, and pollutant removal goals.

Flaod Control

One objective of stormwater treatment practices can be to reduce the Rood hazard associated
with large storm events by reducing the peak flow asscclated with these storms. Wellands can

easlly be deslgned for flood control, by providing flood storage above the level of the wetland
surface.

Channel Protection

One result of urbanization Is the channel erosion caused by Increased stormwater runoff. When
used for channel protection, wetlands have traditionally been designed to contro! the two-year
storm. It appears that this design storm has not been effective in praventing channel erosion, and
recent research suggests that control of a smalier storm may be more appropriate (MacRae,
1998). Choosing a smaller design storm (one-year) and providing longer detention time (12 to 24
hours) are thought to be the best methods to reduce channel erosion.

Groundwater Recharge

Wetlands usually cannot provide groundwater recharge. The build-up of sedimen! and organic

matter debris at the bottom of the wetland prevents the downward movement of water into the
subsoil,

Pollutant Removal

Wellands are among the most effective practices for removing stormwater poliutants, Over thirty-
five research studies have estimated the effectiveness of wetiands. Wetlands have high pollutant
removal rates, and are more effective than any other practice at removing nitrate and bacteria.
Table 2 provides poflutant removal data derived from the CWP's National Poliutant Removal
Database for Stormwaler Treatment Practices:

able 2. Typlcal Pollutant Removal Rates of Wetlands (%) (Winer, 2000)
r Stormwater Treatment Practice Design Variatlon |
Poliutant Shr;:lrlso'\:v ED Watland' Ponsdg}’:;and SUbrT\:Sre%Zi ((121-ravel
TS8S 83151 69 | 71435 Il 83 i
TP 43140 39 0l 56135 I( 64 ]
TN 26449 56 | 19129 | 19
NOx i 73140 3B ] 40168 | 81
[ Metals I 36-85 (-80) - 63 0-~57 | 2183
[ Bacteria 76 NA NA | 78
[1:Data basad on Jewer than five dala points ;

There is considerable variability in the effectiveness of wetlands, but It Is belleved that proper
design and malntenance may help to Improve their performance. The siting and deslgn criteria
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prasented In this sheet reflect the best current information and experience to improve the
performance of wetlands.

Cost Considerations

Wetlands are a relatively Inexpensive stormwater practice. Construction cost data for wetiands
are rare, but one simplifying assumptlon is that they are typlcally about 26% more expensive than
stormwater ponds of an equivalent volume, Using this assumption, an equation developed by

Brown: and Schueler {1897) to estimale the cost of Wel Ponds can be modifled to estimats the
cost of stormwater wetiands using the equation:

C = 30,8079

Where:

C = Construction, Design and Permitting Cost

V = Wetland Volume needed to control the 10-year storm (cubic feet)
Using this equation, typicai construction costs are:

$ 57,100 for & 1 acre-fool facility

$ 288,000 for a 10 acre-foot facility

$ 1,470,000 for a 100 acre-foot facility

Wetlands consume about 3% to 5% of the land that drains fo them, which Is ralatively high

compared with other stormwater management practices. In areas where land value is high, this
may make wellands an infeasible option.

For wetlands, the annual cost of routine maintenance is typically estimated at about 3% to 5% of
the construction cost. Alternatively, a communily can estimate the cosl of the maintenance
actlvities outlined in the maintenance section. Wellands are long-lived facilities {typically longer

than 20 years}. Thus, the initial invesiment into these systems may be spread over a relatively
long time pariod.

While no studles are available on wetlands in particular, there is some evidence to suggest that
wel ponds may provide an economic banefit by increasing property values. The resulis of one
study suggests that "pond frontage" property can increase the selling price of new properties by
about 10% (US EPA, 1895). Another study reporled that the perceived value (i.e., the value
estimated by residents of a community) of homes was increased by about 15 to 25% when
located near a wet pond (Emmerling-Dinovo, 1995). It is anticipated that well-designed wetiands,
which incorporate additional aesthelic features, would have the same benefit,
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Stormwater Management Fact Sheet: Wet Pond

Descriptlon

Wet ponds (a.k.a. stormwater ponds, retention ponds, wet extended detention ponds) are
constructed basine that have a permanent pool of water throughout the yeéar (or at least
throughout the wet season). Ponds treat Inceming stormwater runoff by settling and algal uptake.
The primary removal -mechanism is setlling while slormwater runoff resides In the pool. Nutrient
uptake also occurs throligh blologlcal activity in the pond. Wet ponds are among the most cost-
effective and widely used stormwater treatment practices. While there are several different
versions of the wet pond design, the most common medification is the extended detention wet
pond, wherae storage Is provided above the permanant pool in order to detaln stormwater runoff in
order {c provide greater setiling.

Applicability

Wet ponds are a widely applicable stormwater treatment practice, While they may not always be
feasible in ultra-urban areas or arid climates, they otherwise have few restrictions on thelr use,

Regionai Applicability

Wet extended detention ponds can be applied in most regions of the United States, with the
excaption of arid climates. In arid regions, it is difficult to justify the supplemental water needed to
maintain a permanent pool because of the scarcity of water. Even In semi-arid Austin, TX one
study found that 2.8 acre-feet per year of supplemental waler were needed to maintain a
permanent pool of only 0.28 acre-feet (Saunders and Gilroy, 1997). Other modifications and
design variations are needed in semi-arid and cold climates, and karst (ie., limestone)
lopography (for mote information see Stormwatsr Strategias for Arid end Semiarid Watersheds |
Adicle 66 in the Practice of Watershed Protection and Performance of Stormwater Ponds in
Central Texas, Arlicle 74 in the Practice of Watershed Protection).

Ultra Urban Areas

Ultra urban areas are densely developed urban areas in which little pervious surface exists. it is
difficult to use wet ponds In ultra urban areas because enough land area may not be avallable for
the pand. Wet ponds can, however, be used In an ultra-urban environment if a refatively large
area is avallable downstream of the sile.

Stormwater Hotspols

Stormwater hotspots are land use or activities thal generale highly contaminated runoff that has
poilulant concentrations that exceed those typically found in stormwater. A typical example Is a
gas station or convenience store. Wet ponds can accept runoff from stormwater hotspots, but
need signlificant separation from groundwater if they are used fo treat hotspot runoff.

Stormwater Ratrofit

A stormwater refrofit is a stormwater treatment practlce {usually structural) pul into place after
development has occurred, to improve water quality, protect downstream channels, reduce
flooding, or mest oiher watershed restoration objectives. Wel ponds are widely used for
stormwater retrofits, and have two primary applications as a retrofit design. In many communities,
dry detention ponds have been designed for flood control in the past. It is possible to modify
these faciliies to develop a permanent wet pool to provide water quallty treatment (see
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"Treatment® under Design Considerations), and modify the outlet structure to provite channel
protection. Allernatively, new wet ponds may be Installed in streams, or in open areas as a part of
a comprehensive walershed retrofit inventory.

Cold Water (Trout) Streams

Wel ponds pose a risk to cold water streams because of thelr potential to warm streams. Whaen
water remains [n the permanent pool, it Is heated by the sun. A study in Prince Georges County,

MD found that wet ponds increased temperatures by about 9 F from the inlet to the cutlet (Galli,
1990).

Slting aﬁd Doslgn Conslderations

Siting Considerations

Designers need to ensure wet ponds are feasibie for the site in question. The following saction
provides basic guidelines for locating wel ponds,

Drainage Area

Wet ponds need sufficleni drainage area to maintain a permanent pool. In humid reglons, a
drainage area of about twenty-five acres is typically needed, but greater drainage areas are
needed in arid and semi-arid regions.

Slope

Wet ponds can be used on sites with an upstream slope up to about 15%. The iocal slope wilhin
the pond should be relatively shallow, however. While there is no minimum slope requirement,
there must be enough elevation drop from the pond Infet to the pond outlet to ensure that watar
can flow through the system by gravity.

Soils Topography

Wet ponds can be used in almost all soils and geclogy, with minor design adjustments for regions
of karst lopography (see Design Considerations).

Groundwater

Unless they receive hotspot runoff, ponds can often intersect the groundwater table. However,
some research suggests thal pollutant removal is moderately reduced when groundwater
contributes substantlally to the pool volume (Schuelar, 1997) (for more information, seae Influence
of Groundwater on Performance of Stormwater Ponds in Florida, Atlicie 78 in The Praclice of
Watershed Protection.

Design Considerations

There are soma design features that should be incorporated Into all wet pond designs (see Figure
1). These design features can be divided Into five basic categories: pretreatment, treatment,
convayance, maintenance reduction, and landscaping {for more infarmation, see the Manual
Builder Category).

160 Attachment 7:19 07 - 01 - 2008



MIDDLE SMITHFIELD CODE

Pretreatment

Pretreatment fealures are designed to seltle out coarse sediment particles bafore they reach the
main pool. By trapping these sediments in the forebay, it is possible to greatly reduce the
maintenance burden of the pond. A sediment forebay is a small pool (typically about 10% of the
volume of the permanent pool) located near the pond Inlet. Coarse sediments are trapped in the
forebay, and these sediments are removed from the smaller pool on a five to seven year cycle,

Treatment

Treatment design features help enhance the ability of a stormwater treatment practice to remove
politants, Several features can enhance the ability of wet ponds to remove potiutants from
stormwater runoff. The purpose of most of these features is to Increase the amount of time that
slormwater remains in the pond.

One {echnique to increase pond pollutant removal is to increase the volume of the permanent
pool. Typicaily, ponds are sized to be equal fo the water quality volume (i.e., tha volume of water
lreated for pollutant removal). Designers may consider using a larger volume to meet specific
watershed objectives, such as phosphorous removal. Regardless of the pool size, designers

need to conduct a water balance analysis to ensure that sufficient infiow is available to sustain a
permaneant pool.

Other deslign features can’increase the amount of time stormwater remalns In the pond, and help
to efiminate shart circulting. Wet ponds should always be designed with a length to width ralio of
at least 1.5:1. in addition, the design shouid incorporate featuras to lengthen the flow path
through the pond, such as underwater berms deslgned to create a longer flow path through the
pond. Combining these two measures helps ensure that the entire pond volume is used to treat
stormwater. Another feature that can improve treatment is to use multiple ponds in series as par
of a "trealment train" approach lo poliutant removal. This redundant treaiment can alsa help slow
the rate of flow through the system,

Conveyance

Stormwater should be conveyed to and from all wet ponds safely and to minimize downstream
erosion patentlal. The outfall of pond systems should always be stabilized to prevent scour. In
addition, an emergency spillway should be provided to safely convey large flood events. In order

to prevent warming at the outiet channel, designers should provide shade around the channsl at
the pond outiet.

Maintenance Reduction

Several design features can be incorporated to ease the maintenance burden of wet ponds.
Mainlenance reduction features include technigues to reduce the amount of maintenance
needed, as well as technigues to make regular maintenance activities easier,

One malntenance concern In wet ponds is potential clogging of the pond oullet. Ponds should be
designed with a non-clogging outlet such as a raverse-slope pipe, or a weir outlet with a trash
rack. A reverse slope pipe draws from below the permanent pool extending in a reverse angle up
to the riser and establishes the waler elevation of the permanent pool. Because these outlets
draw water from below the fevel of the permanent pool, they are fess llkely to be clogged by
floating debris. Another general rule is that no low fiow orifice should be less than 3" in diameter
{smaller crifices are more susceptible o clogging).
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Direct access Is npaded to allow maintenance of both the forebay and the main pool of ponds. In

addition, ponds should generally have a drain to draw down the pond or forebay to enable
periodic sediment clean outs.

Landscaping

Landscaping of wet ponds can make them an assel to a community, and can also enhance the
poliutant removal. A vegetated buffer should be created around the pond to protect the banks
from erosion, and provide some polfutant removat before runoff enters the pond by overland flow,
In addition, ponds should incorporate an aquatic bench (a shallow shelf with wetland plants)
around the edge of the pond. This feature provides some pollutant uptake, and also helps to
stabilize the soil at the edge of the pond and enhance habitat and aesthetic value.

Design Variations

There are several variations of the wet pond design. Some of these design alternatives are

intended to make the practice adaptable to various sites and to account for regional constraints
and opportunities,

Wet Extended Dstention Pond

The Wet Extended Detention Pond combines the treatment concepts of the dry extended
detention pond {for more information see_Dry Extended Detention Pond Facl Sheet) and the wet
pond (see Figure 2). In this design, the water quality volume is split between the permanent pool
and detention storage provided above the permanent pool. During storm events, water Is
detained above the permanent pool and released over 12 to 48 hours. This design has similar
pollutant removal to a traditional wet pond, and consumes less spaca. Wet Extended Detention
Ponds should be designed to maintain at least half the treatment volume In the permanent pool.
In addition, designers need to carefully select vegetation planted In the extended detention zone
to ensure that it can withstand both wet and dry periods.

Pocket Pond

In this design variation, a pond drains a smalier area than a traditional wel pond, and the
permanent pool is maintalned by intercepting the groundwater. White this design variation
achieves less pollutant removal than a traditional wet pond, it may be an acceptabie alternative
on sites where space is at a premium, or in a retrofit situation.

Water Reuse Pond

Some designers have used wet ponds lo act as a water source, usually for irdgation. In this case,
the waler balance should account for the water that will be taken from the pond. One study
conducted in Florida estimated that a water reuse pond could provide irrigation for a 160-acre golf
course at about one seventh the cost of the market rate of the eguivalent amount of water
(540,600 versus $300,000),

Regional Adaptations

Semi-Arid Climates

in arld climates, wet ponds are not a feasible option (see Application), but they may be possible in
semi-arid climales If the permanent pool Is maintained with a supplemental water scurce, or If the
poot is allowed lo vary seasonally, This choice needs (o be seriously evaluated, however.
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Saunders and Gilroy (1997) reported that 2.6 acre-feet per year of supplemental water were
needed to maintain a permanent pool of only 0.29 acre-feet in Austin, TX (for more information
see Stormwater Strategies for Arid and Semiarid Watersheds, Article 66 In The Practice of
Watarshed Protection).

Cold Climates

Cold climates present many challenges to designers of wet ponds. The spring snowmelt may
have a high pollutant load, and large volume to be treated. In addition, cold winters may cause
freezing of the permanent pool or freezing at inlels and cullets. Also, high salt concentrations in
runoff resulting from road salting may impact pond vegetation, and sediment loads from road
sanding may quickly reduce pond capacity, :

One means of effectively dealing with spring snowmelt is to use a seasonally operated pond to
capture extra snowmeil during the spring, but retain a smaller permanent pooi during warmer
seasons. In this option, proposed by Oberts (1994), a wet pond has two water quality outlets,
both equipped with gate valves. In the summer, the lower outlet is closed, During the fall and
throughout the winter, the lower outlet |s openad to draw down the permanent pool. As the spring
meit hagins, the iower outlet is closed to provide detention for the melt event. This method can
act as a substitute to using a minimum extended detention storage volume., When wetlands
preservation is a downstream cbjective, seasonal manipuiation of pond levels may not be desired
(for more information, see Performance of Stormwater Ponds and Weflands in Winter, Adticle 71
in The Practice of Watershed Protgction). An analysis of tha affacts on downstream hydrology
should be conducted before considering this option. In addition, the manipulation of this system
requires some labor and vigilance; a careful maintenance agreement shouid be confirmed.

Several other modifications help to improve the performance of ponds In cold climates. Designers
should consider planting the aquatic buffer with salt-tolerant vegetation if the pond receives road
runoff, In order to counteract the effecls of freezing on inlet and outiet structures, weirs and larger
diameter pipes that are resistant to frost can be used. Designing ponds on-fine, which create a
continuous flow of water through the pond, also helps prevent freezing of outlet structures.
Finally, since freezing of the permanent pool can reduce the effectiveness of pond systems, it
may be useful to incorporate extended detention Into the design to retain usable treatment area
above the permanent pool while #t is frozen {for more informatlon, see Performance of
Stormwater Ponds and Wetiands In Winter, Article 71 in The Practice of Watershed Protection).

Karst Topography

In karst (i.e., limestone) topography, wet ponds should be designed with an impermaable liner to
prevent groundwater contamination or sinkhole formation, and to help maintain the permanent
pool.

Limitations

Limitations of wet ponds include:

¢ When improperly located, wet pond construction may cause loss of natural watiands or
high quality forest.

+ Although wet ponds consume a small amount of space relative to their drainage areas,
they are often inapproprlate In dense urban areas because each pond Is generally quite
large.

« Use of ponds is restricted in arid and semi-arld regions due to the need to supplement
the permanent pool,
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s In coid water streams, wet ponds are not a feasible due to the potential for stream
warming.

+ Woet ponds may cause some communily concerns regarding safety.

Maintenance Conslderations

In addition to incorporating features into the pond design to minimize maintenance, some regular
maintenance and inspaclion praclices are needed. The table below outlines these practices.

Activity ' I Schedule |
s |nspect for damage.
s Nole slgns of hydrecarbon build-up, and deal with

appropriately.
«  Monlitor for sediment accumulation in the facllity and Annual
forebay. tnspection

"« Examine to ensure that inlet and outlet devices are
frae of debris and operational

» Repair undercut or eroded areas. As Needed
Maintenance

¢ Clean and remove debris form iniet and outlet
structures. Monthly

+  Mow side stopes. Maintenance

+« Removal of sediment form the forebay 5107 year

Maintenance

»  Monitor sedimenl accumulations, and remove
sediment when the pool volume has become reduced || 20 to 50 year
significantly, or the pond becomes eutrophic. Maintenance

Effectivenass

Stormwater treatmeant praclices can be used to achieve four broad rescurce protection goals.
These include: Flood Control, Channel Protection, Groundwater Recharge, and Pollufant
Removal (for mora Information, see the Manuai Bullder Category.) Wet ponds can generally
provide flood control channel proteclion, and poliutant remaovel functions.

Fload Conirof

One objective of stormwater {reatment practices is lo reduce the flood hazard assoclated with
large storm events by reducing the peak flow asscciated with these storms. Wet ponds can easily
be designed for flood control, by providing flood storage above the level of the permanent pool.
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Channel Protaction

One result of urbanlzation is channel erosion caused by increased stormwater runoff.
Traditionally wet ponds have been designed to provide control of the two-year storm . It appears
that this design storm has not been effective in preventing channe! erosion, and recent research
suggests that control of a smailer storm may be more appropriate (MacRae, 1898). Choosing a

smaller design storm (one-year) and providing longer detention {ime (12 to 24 hours) Is now
thought to be the best mathod to reduce channel erosion.

Groundwater Recharge

Wat ponds generally cannot provide groundwater recharge, as infiitration is Impeded by the
accumulation of organic debris on the bottom of the pond.

Pollutant Removal

Wet ponds are among the most effective stormwater treatment practices at remaving stormwater
pollutants. A wide range of research is available to estimats the effectiveness of wet ponds, Table
2 provides pollutant removal estimates derived from CWP's National Pollutant Removal
Performance Database for Stormwater Treatment Practices:

Pollutant Il Remova! Efflciency (%) |
TSS - 80427
| TP | 51421
[ N 3320
NOx 43138
Metals | 29.73
Bacteria i 70132
[1: + valugs represent one standard deviation

There Is conslderabla varlability in the sffectiveness of wet ponds, and it Is balieved that properly
designing and maintaining ponds may heip to improve their performance. The locational and
desigh criteria presented in this sheet reflect the bast current information and experience lo
Improve the performance of wet ponds. A recent jaint project between the American Sociely of
CIvlt Engineers (ASCE} and the US EPA Office of Water may help to isolate specific design
features that can improve performance. The Natlonal Stormwater Best Management Practice
{BMP) database is a compilation of stormwater practices which includes both design information
and performance data for various practices. As the database expands, inferences aboul the
extent to which specific design criteria influence pollutant removatl may be made. For more
intormation on this database, accass the ASCE web page at hitp.//www.asce.org.

Cost Conslderatlons

Wet ponds are relatively inexpensive stormwater practices. The construction costs associated
with these facllities range considerably. A recent study (Brown and Schusler, 1997) estimated the
cost of a varlety of stormwater management practices, The study resulted in the following cast
equation, adjusting for inflation:

C = 24.5V07%
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Where:

C = Construction, Design and Permitting Cost

V = Volume in the Pond to Include the 10-Year Storm {cubic feet)
Using this squation, a typlcal construction costs are:

$§ 48,700 for a 1 acre-foot facility

$ 232,000 for a 10 acre-foot facility

$ 1,170,000 for a 100 acre-foot facilly

Ponds do not consume & large area (typically 2-3% of the contributing drainage area). Therafore,
the fand consumed to design the pond will nol be very large. It is important o note, howevar, that
these facilities are generally large. Other practices, such as filters or swales, may be "squeezed"
into relatively unusable land, but ponds need a relatively large continuous area.

For ponds, the annual cost of routine maintenance Is typlcally estimated at about 3 to 5% of the
construction cost. Alternatively, 2 community can astimate the cost of the maintenance activities
outlined in the maintenance section. Ponds are long-lived facilities (typically longer than 20

years). Thus, the initial investment into ponds systems may be spread over a relatively long time
period,

in addition to water resource prolection benefits of wet ponds, there is some evidence {0 suggest
that they may provide an economic benefit by increasing property values. The results of one
study suggest that "pond froni" property can increase the selling price of new properties by about
10% (US EPA, 1995), Another study reported that the perceived value (i.e., the vaiue eslimated
by residents of a community) of homes was increased by about 15 to 25% when located near a
wet pond (Emmerling-Dinovo, 1995).
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Fenntyivania Stormwater Best Management Practices Manual

BMP 6.6.1: Constructed Wetland

Chapter 6

stormwatar runoff,

|
4
4
¥
%

. Constructed Wetlands are shallow marsh systams planted
¢ with emargent vaegelation that are designed lo treat

Key Doslgn Elements

* Adequate dralnage area (usuaily 6 to 10 acres minimum) or proef
of sustainad base fiow
Maey require Investigation of water supply to ansute & sustained

Potentlal Applleations

Residenliak Yes
Commargial: Yes
Ulira Urban: Limited
Indusirial: Yes
Ratrofif: Yas
Highway/Road: Yes

baseflow to maintain the welland

' Malntenance of permanent water surface

* Multlple vegelative growth zones through varying depihs
* Robust and dlverss vegatation

* Refatively imparmeable soils or englnesred liner

* Sedimanl collaction and removal

* Adjustable permanent pool and dewatering mechanism

Stormwater Fupclions

Volume Reductlon: Low
Recharge: Low

Peak Rato Conlrol: High
Watar Quallty: High

Malntanance - petlodic sediment removat from the forebay and
vegalation maintenance

Water Quality Functlons

TS3: 65%
TP: 85%
NO3: 30%
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Description

Constructed Wetlands are shallow marsh systems planted with emergent vegetation that are designad
to treat stormwater runoff. While they are one of the best BMPs for pollutani removal, Construsted
Waetlands {CWs) can also mitigate peak rates and even reduce runoff volume to a certaln degros. They
also can provide conslderabie assthetic and wildlife benefils, CWs use a rélatively large amount of
space and requlre an adequate source of inflow to maintain the permanent watsr surface,

Varlatlons

Constructed Wetlands can be designed as either an online or offiine facilities. They can also be used
eftectively in series with other flow/sediment redusing BMPs that reduce the sediment load and
equalize incoming flows to the CWs. Constructed Wetlands are a good oplion for retrofitting existing
detentlon basing, CWs are often organized into four groups:

+  Shallow Wellands are large surface area CWs that primarily accomplish water quality
Improvement through displacement of the permanent poot,

¢« Extended Datention Shallow Wetlands are simllar to Shallow Wetlands but use extended
delention as another mechanism for waler quality and peak rate control,

+ Pockel Wetiands are smalier CWs thal sarve dralnage areas between approximately 5 and 10
acres and are constructed near the water table.

+  Pond/Welland systems are a combination of a wet pond and a constructed wetiand.

Although this BMP focuses on surface flow Constructed Wetlands as described above, subsurface flow
CWs can also be used to treat stormwater runoff. While typlcally used for wastewater treatment,
subsurface flow CWs for stormwater may offer some advantages over surface flow wetlands, such as
improved reduction of total suspended sollds and oxygen demand. They also can reduce the risk of
vectors (aspecially mosquitoes) and safety risks assoclated with open water, However, nitrogen
removal may be deflclent (Gampbell and Ogden, 1899), Perhaps the higgest disadvantage Is the
relatively low treatment capacities of subsurface flow CWs — they are generally only able fo treat small
flows. For more Information, please consult the "References and Addilionat Resources® list.
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Applications
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Deslgh Considerations

1.

HYDROLOGY. Constructed Watlands must be able to receive and retaln enough fiow from
rain, runoff, and groundwater to ensure fong-term viability. Hydrologic caleuiations {or a water
balance) should be performed to verify this, Shaliow marsh areas can become dry at the
surface but not for greater than one month, even in the most severe drought. A permanent
water surface In the deeper areas of the CWs should be malntained during alf but the driest
periods. A relatively stable normal water susface elevation will reduce the siress on wetiand
vegelation. A CWs must have a drainage area of at [aast 10 acres (5 acres for "pocket”
wetlands) or some maans of suslaining constant Inflow, Even with a large drainage area, a
constant source of inflow can improve the biclogical health and effectiveness of a Constructed
Welland. Pennsylvanla’s precipllation is gensrally well distributed throughout the year and is
therefore suited for CWs. '

UNDERLYING SOILS. Underlying solls must be identifled and tested. Generally hydrologic solf
groups "C" and "D" are sultable without modification, “A" and "B” soils may require a ciay or
synthetic liner. Soil permeability must be tested in the proposed Constructed Wetland location to
ensura thal excessive infiltration will not cause the CWs to dry out, i necessary, CWs should
have a highly- compacied subsoil or an Impermeable ilner to minimize Infiltration.

PLANTING SOIL. Organle soils should be used for Constructed Watlands. Organic solls can
sarve as a sink for pollutants and generaily have high water holding capacitles, They wiil also
facilitate plant growth and propagation and may hinder invasion of undesirable specles,

SIZE AND VOLUME. The area required for a CWs is generally 3 to 5 percent of its dralnage
area. CWs should be sized to treat the water quality volume and, If necessary, to mitigate the
peak rates for larger events.

VEGETATION. Vegetation is an integral part of a Welland system. Vegelation may heip to
raduce fiow velocitles, promole seitling, provide growth surfaces for bensficial microbes, uptake
poliutants, pravent resuspension, provide filtering, limit erosion, prevent short-clrouiting, and
mainialn healihy bottom sediments {Braskerud, 2001). Construcled Wetlands should have
several different zonas of vegelation as descrlbad In Table 6.6.1-1, The emergent vegetation
zone (areas not more than 18" deep) should comprise about 80 to 65 percent of the normat
water surface area, although recommendations in recent lteratura range from less than 50 to
over 80 percent. Robusi, non-invasive, perennial plants that establish quickly ars ideat for CWs.
The deslgner should select species thal are tolerant of a range of depths, inundation periods,
etc. Monoculture planting must be avoided due to the risk from pests and disease. Use local
recommendad plant lists.

Table 6.6.1-1

Vagetation Zone Description
Open Water Areas botwaen 18 inchaes and 6 feot deap
Emergent Areas up fo 18 Inches deep
Low Marsh Portlon of Emergent Zons betwesn 6 and 18 inches deep
High Marsh Partion of Emergent Zone up lo & inches deep
Ephemeral Storage  jArea periodically Inundated durlng runoff events
Buffer Area outslde of maximum water surface elevation
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8. CONFIGURATION,

a. General. Constructed Wetlands should be designed with a length to width ratio of at
least 2:1 wherever possible. If the length to width ratio Is lower, the flow pathway
through the CWs should be maximized, CWs should not be constructed within 10 fest of
the praperty line or within 50 fest of a private well or septic system. CWs should be
deslgned so that the 10-year waler surface elavation does not exceed the normal water
surface elevation by more than 3 feat. Slopas In and around Constructed Wetlands
should be 4:1 to 5:1 (H:V) wherever possible. Consiructed wetlands should be iocated
outside of any natural walercaurse.

b. Forebay/Inflows. Constructed Wellands should have a forebay at all major infiow points
to capture coarse sedimani, prevent excesslve sediment accumulation in the remalnder
of the CWs, and minimize eroslon by inflow. Tha forebays should contain 10 fo 15
percent of the total permanent pool volume and should be 4 o B fest deap (at least as
daep as other open water areas}). They shouid be physically separated fram the rest of
the walland by a berm, gablon wall, etc. Fiows exiting the fargbay should be non-
stosive to the newly consiructed CWs. Vagetation within forebays can increass
sedimentation and reduce resuspsnsionfercsion. The forebay bottom can be hardened
to facilitate sediment removal. Forsbays shou1d be Inslalled with permanent vertical
markers that indicate sediment : .
depth. Inflow channeis should
be fully stabilized. Inflow pipes
can discharge to the sutface or
be partiaily submerged, CWs
sheuld be protected from the
aroslve force of the inllow to
prevent the resuspension of
previcusly coilasted sediment
dusing large flows,

c. Vegetation and Open Water
Zones. Aboul half of the g
emargent vegetation zone _
should be high marsh (up to 6” deep) and halt shouid be low marsh (8" lo 18" deep).
Varying depths throughout the CWs can improve plant diversity and health. The open
waler zone {approx. 35 to 40% of the total surface area) should be between 18 inches
and 6 feet deep. Allowing a limited 5-fool deap area can prevent short-circulting by
encouraging mixing, enhance aeration of water, prevent resuspension, minimlze thermat

160 Attachment 7:32 07- 01 - 2008




STORMWATER MANAGEMENT

Pennsylvaila Storniwater Best Menagement Practices Manual Chipter 6

impacts, and limit mosquito growth. Allernating areas of emergent vegetation zone {up
to 18 inches deep) and open water zone — as shown in Figures 8.13-2 and 6.13-4 ~ can
also minimize short-clreuiting and hinder mosquite propagation.

d. Oullet, Outlet control devices should be in open water araas 4 to 6 feet deep comprising
about 5 percent of the total surface area to prevent clogging and aliow the CWs fo be
dralned for maintenance. Outlel devices are generally multistage structures with pipes,
orifices, or welrs for flow control, Orifices should be at least 2.5 inches In dlameter and
should be protected from clogging. Outlet devices should be installed In the
embankment for accessiblilly. 1t is recommended that outiat devices enable the normal
water surface to be varied. This allows the water level to be adjusted {if necessary)
seasanally, as the CWs accumulates sadiment over time, if desired grades are not
achleved, or for mosquite control. The outlet pipe should generally be fitted with an anti-
saep collar. Online facilittes should have an emergency splliway that can safoly pass the
100-year storm with 1 foot of freeboard. All outflows should be conveyad downstream in
a safe and stable manner.

e. Safety Benches. All areas that are deeper than 4 feet should have two safety benches,
aach 4 to 6 feel wide. One should be sliualed about 1 to 1.5 feel above the normai
watar elavation and the other 2 to 2.6 feel below the water surface.

7. CONSTRUCTED WETLAND BUFFER. To enhance habltat value, visual aesthetics, and
wetland health, a 25-fool buffer should be added from the maximum water surface elavation,
The buffer should be planted with treas, shrubs, and native ground cavers, Existing trees within
the buffer should be preserved. If solls In the buffer will become compacted during construction,
soll restoration should take place to ald buffer vegetation,

8. MAINTENANCE ACCESS. Permanent access must be providad to the forsbay, outlet, and
embankment areas. !t should be at least 9 feet wide, have a maximum slopa of 15%, and be
stabllized for vehicies.

9, PLAN ELEMENTS, The plans detailing the Constructed Wellands should clearly show the CWs
configuratlon, elevations and grades, depthivegetation zones, and the location, guantity, and
propagation methods of welland/buffer vegelation. Plans should also Include site preparation
technlques, conslruction sequence, as welt as mainienance schedules and reguiraments.,

10. REGULATION. Constructed Wstiands that have drainage areas over 100 acres, embankments
greater than 15 feat high, or a capacity greater than 50 acre-feet may be regulated as a dam by
PADEP (see Title 26, Chapter 108 of the Pennsylvania Code).

Detalled Stormwater Functions

Volume Reduction Caleulations

Although not typically considered a volume-reducing BMP, Constructed Wetlands can achleve some
valume reduction through evapotranspiration, especlally durlng small storms. An evapotransplration
study coutd be done 1o account for polentiai volume reduction credit, Hydrologic calculations that
should be performed to verify that the CWs will have a vlable amount of inflow can also predict the
watar surface elevation under varying conditions. The voluma stored belween the predicted water leve!
and the lowes! outlat elevation will be removed from the storm that occurs under those conditions.

Peak Rate Mitigation Calculations

Peak rate s primartly controlled In Constructed Wetlands threugh the translent storage above the
normal water surface. See In Section B for Peak Rate Mitlgatlon mathodology,
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Water Quallty Improvement

Constructed Wetlands improve runoff quailty through settling, filtration, uptaks, chemical and hiological
decamposition, volatilzation, and adsorption. Constructed Wetlands are effective at removing many
common stormwater poilutants including suspended solids, heavy metals, total phosphorus, total
nitrogen, toxic organics, and pelrolaum products. Tha poliutant removal effectivenass varies by season
and may be affected by the age of the wetland. H has been suggested that Gonstructed wellands do
not remove nutrients In the fong term unless vegstation ls harveslad because captured nutrients are
released back into the water by decaying plant material. Even If this Ia true, nutrients are generaliy
released gradually and during the non-growing season when downstream susceptibility Is ganerally Jow
{Hammer, 1990). See In Section 8 for Water Quality Irnprovement methodology which addresses
nollutant removal effectiveness of this BMP,

Construction Sequence

1. Separate wetland area fram contributing drainage area;
a. Ali channels/plpes conveying flows to the Constructed Wetiand must ba routed away
from the waltland area untlt it is completed and siabilized.
b. The area immadiately adjacent to the Gonstructed Wetland must be stabilized in
accordance with the PADEP's Ercsion and Sediment Pallution Control Program Manuat
(2000 or latest editlon} prior to construction of the wetland.

2. Clearing and Grubbing:

a, Clear the area lo be excavated of ajt vagetation.

b, Remova all lree roois, rocks, and boulders.

c. Fillall stump holes, crevices and similar areas with Imparmaable materials,
3. Excavate boltom of Constructed Wetland to desired slevation (Rough Grading).
4. Install strrounding embankments and inlet and outiat contro! structures.
5. Grade and compact subsoil.

6. Apply and grade planting soil.
a. Matching design grades is crucial because aquatic plants ¢an be very sensitive 1o depth,

7. Apply gec-textiles and other erosion-control measures.
8, Seed, plant and mulch aceording 1o Planting Plan
9. Install any antl-grazing measures, it necessary,

10, Follow required malntenance and monltcring guldelines,
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Maintenance lssues

Constructed Wetlands must have a maintenance pian and privately cwned facilities should have an
sasemen!, deed restriction, or other lagal measure to pravent neglect or removal, During the first
growing seasan, vegetalion should be inspected every 2 to 3 weeks. During the first 2 years, CWs
should be inspected al least 4 times per year and after major storms (greater than 2 Inches In 24
hourg). ihspections shouid access the vegetation, erosion, flow channelization, bank stability,
Inlet/outist conditions, and sediment/debris accumulation, Problems sheuld be correcied as soon as
possible. Wetland and buffer vegetation may requlre support - watering, weeding, mulching,
replanting, etc. — during the first 3 years, Undeslrable species should be removed and desirable
replacements planted if necessary.

Once eslablished, properly designed and installed Constructad Wetiands should require little
maintenance. Thay should be inspsacted at least semiannually and after major storms as well as rapld
lve breakup. Vegetation should maintain at least an 86 percent cover of the emergent vegelation zone.
Annual harvesting of vegstation may Increase the nulrlent removal of CWs, It should generally be done
in the summer so that thare Is adequate regrowth before winter. Care should be taken to minimize
disturbance, especially of bottom sediments, during harvesting. The potantlal disturbance from
harvesting may outwsigh its benefits unless the CWs recelves a particularly high nutrient load or
discharges to a nulrlent sensitive waterbody. Sediment should be removed from the forabay before it
occuples 50 percent of the forebay, typleally every 3 to 7 years,

Cost lssues

The construction cost of Constructed Wetlands can vary groatly depending on the configuration,
locatlon, site-specific condilions, ete, Typical construction costs in 2004 doflars range frem
approximataly $30,000 {0 $65,000 per acre (USEPA Wellands Facl Sheet, 1998). Costs are generally
mast dependent an the amount of earthwork and the planting. Annual maintenance costs have been
reported to be approximately 2 1o & percent of the capital costs although there is very litlle data
avallable to support this, o

Spscifications:

The following spacifications are provided for information purpuses only. These spacifications include
information on acceptable materials for typlcal applications, but are by no means exclusive or imiting.
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The deslgner is responsible for developing delailed specifications for individual design projects in
agcordance with the project conditions,

1. Excavatlon

a. The area o be used for the GWs shouid ba excavatad to the required depth below the
deslred hottom elevation to accommodate any required Impermeable liner, organic’
matter, and/or pianting soli.

b. The compaction of the subgrade and/or the installation of any impermeable liners will
foliow immediately.

2. Subsoll Preparatlon ’

a. Subsoli shall be free from hard clods, stiff clay, hardpan, ashes, slag, construction debris,
patroleum hydrocarbons, or other undasieable materlal. Subsoll must not be delivered in
a frozen or muddy state,

b. Scarify the subsoil to a depth of 8 to 10 inches with a disk, rototiller, or similar equipment.

¢, Roll the subsoil under optimum malsture conditions to & dense seat layar with four o six

passes of a sheepsfoot roller or equivalent. The compacled seal layar shall be at least 8
Inchas thick,

3. srmeable Liner

a. If necessary, install impermeable liner in accordance with menufacturer's guidellines.

b. Place a minimum 12 inches of subsoll on top of impermeable liner in additlon to planting
soll.

4. Planting Soll (Topsoil}

a. See Local Specifications for general Planting Scll requirements.

b, Use a minimum of 12 inches of topsoli in marsh areas of the Wetland. If natural topsoil
from the sile is 1o be used it must have at least 8 percent organic carbon content (by
weight) in the A-horizon for sandy solls and 12% for other soll types.

¢. If planting soif is being Imported it should be made up of sgquivalent proporlions of organic
and mineral materials.

d. Lime should not be added to planting soll unless absolutely necessary as it may
ancourage the propagation of invasive spscies.

8. The final elevations and hydrology of the wetland zones should be evaluated prior to
planting to determine If grading or planting changes are required.

5. Vepetation

a. Plant Lists for Constructed Wettands can be found in Appendix B. No substiitlions of
specified plants will be acceptad without prior approval of the dasigner. Planting
locations shali be based on the Planting Plan and directed in the field by a quallfied
wetland scologisl,

b. All wetland plant stock shall exhibit live buds or shoots. All plant stock shall be turgld,
firm, and resilient, Internodes of rhizomes may be flexible and not necessarily rigid. Soft
or mushy stock shall be rejected. The stock shalt be fras of delstericus Insect
infestation, disease and defecls such as knots, sun-scald, injuries, abrasions, or
disfigurement that could adversely affect the survival or performance of the planis.

¢. All stock shall be frae from invasive or nuisance plants or seeds such as those lisiad In
Appendix B.

d. During all phases of the work, including transport and onsite handling, the plant materials
shall be carefuily handled and packed to prevent injurias and desiccation. During transit
and onsite handling, the plant materlal shall be kept from freazing and shall be Kept
covered, molst, coal, oul of the weather, and out of tha wind and sun. Plants shall be
watered to maintain molst soil andfor plant conditions until accepted,

a. Plants not meating these specifications or damaged during handling, leading, and
unloading will be rejected,
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f. Detalied planting specifications can be found In Appendix B,
6. Outlet Control Structure

a. Oullet control struclures shail be constructed of non-corradibie material.

b. Outlets shall bo resistant to clogging by debris, sediment, fioalables, plant maletlal, or
ice.

¢, Materiais shall comply with applicable specifications (PennDOT or AASHTO, lalest
edition)
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BMP 6.6.2: Wet Pond/Retention Basin

Chapter §

Wet Ponds/Retention Basins are stormwater basins that
include a substantial permanant pool for waler quality
treatment and additional capacity above the parmanant
pool for temporary runoff storage.

Koy Design Eloments

* Adequate drainage area {usually 5 to 16 acras minlmum) or proof
of sustained baseflow

* Natura! high groundwater table

* Mainténance of parmansnt water surlece

' Shouid have al least 2 to 1 length to widih rallo

* Robust and diverse vagalalion surrounding wet pond
* Relatively impermeable soils

* Forebay for sedlment collection and removal

* Dewalaring mechanism

Potential Applications

Resldential; Yes
Commerclal Yes
Ultra Urban: Yes

Induslrlat Yas
Retrofit; Yes
Highway/Road: Yes

Stormwater Functions

Volume Reduction: Low

Recharge: Low

Peak Rate Controf; High
Water Qualily: Medium

Water Gu Functions

T88: 70%
TP 60%
NO3: 30%
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Description

Wat Detantlon Ponds are stormwater basins thal include a parmanent pool for water quality reatment
and additional capacity above ihe permanent poo! for temporary storage. Wet Ponds should include
one or more forebays that trap course sediment, prevent short-clrculfing, and facllitate maintenance.
The pond perimetar should ganerally be coverad by 4 dense stand of emergent wetiand vegetation.
While they do not achieve significant groundwater recharge or volume reduction, they can be effaclive
for pollutant removal and peak rate miligation. Wet Pends {WPs) can alsc provide agsthellc and
wlidiifa benefils. WPs require an adequate source of inflow to malntain the permanent waler surface.
Due to the potential fo discharge warm water, wet ponds should be used with caution near temperalure
sensitive waterbodies. Praperly dasigned and maintained WPs generally do not suppart significant
masquite populations (O'Meara).
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Varlatlans

Wet Ponds can be deslgned as elther an online or offiine facllities. They can also be used sffestively In
series with other sediment reducing BMPs that reduce the sediment load such as vegetated fliter strips,
swales, and filters. Wet Ponds may be a geod aplion for retrofitting existing dry detentlon basins, WPs
are often organized into three groups:

+ Wet Ponds primarlly accompilsh water qualily Improvement through displacement of the

permenent pool and are generally only effective for small Inflow volumas (oftan they ara
placed offline to regulate inflow),
«  Wel Detention Ponds are similar to Wet Ponds but uss extended detention as another
mechanism for water quailty and peak rate control,
+ Pockel Wel Ponds are smaller WPs that serve dralnage areas between approximately 5 and 10
acres and are constricted near the waler tabie {o help maintain the permanent pool. They often
include extended detention as wall.

This BMP focuses on Wet Detention Ponds as described above because this lends to be the most

commen and effective type of Wet Pond. For more Information on other types of wet ponds, please
consult the "References and Additional Resources” list,

Applications
. Wet Ponds
. Woet Datention Ponds
. Pocket Wet Pond
. Offline Wet Pond

Retrofit for existing detentlon basins

160 Attachment 7:40 07-01 - 2008




STORMWATER MANAGEMENT

Peonsylvanla Stormweter Best Managemeat Practices Manuval Chapiet 6

{gnd

Design Considerations

1._HYDROLOGY. Wet Pends should be able to receive and retaln enough flow from rain, runoff,

and groundwaler to ensure long-term viabllity. A permanent water surface in the deapet areas
of the WP should he maintalined during all but the driest periods. A relatively stable permanent
water surface elevation wlll reduce the stress on vagetation in and adjacent to the pond. A WP
should have a drainage area of at least 10 acres (5 acres for Pocket Wet Pands} or some
means of sustaining constant Inflow. Even with a large dralnage area, & constant scurce of
Inflow can improve the biclogical health and effectiveness of a Wet Pond while discouraging
masqulto growth. Peansylvania's precipltation Is generally well distributed throughout the year
and s therefore sulted for WPs,
UNDERLYING SOILS. Underlying solls must be ldentified and tested. Generally hydrologic soil
groups "C" and "D" are suitable without madification, “A”" and "B” soits may require modification
to reduce permeability. Soil parmaabifity must be tested In the proposed Wet Pond location lo
ansure that excesslve infiltration will not cause the WP to dry out,
. PLANTING SOIL.. Organle solis should ba used for shallow areas within Wat Ponds. Organic
solls can serve as a sink for pollutants and gensrally have high water holding capacities, They
will also facilitate ptant growth and propagation and may hinder invasion of undeslrable spacles.
SIZE AND VOLUME. The area required for & WP |s generally 1 to 3 percent of its dralnage
area, WPs should be sized to ireal the waler quality volume and, if necessary, to miligate the
peak rates for larger events,
VEGETATION. Vegetation is an integral part of a We! Pond system. Vegetation in and
adjacent to a pond may enhance pollutant removal, reduce alga!l growth, Timit erosien, improve
aasthetios, create habitat, and reduce water warming (Mallin et al., 2002; NJ OEP, 2004;
University of Wisconsin, 2000). Wet Ponds should have varylng depths to encourage
vegstation in shatlow areas, The emargent vegetation zone (areas not more than 18" deap)
generally supports the majority of aquatic vegelation and should include the pond perimater.
Robust, non-Invasive, perennial piants that establish quickly are ldeal for WPs, The designer
shauld selact species that are telerant of a range of depths, Inundation periods, etc.
Monocuiture pianting should be avoided due to the risk from pests and disease. Ses local
sources for racommended plant lists or Appendix B,
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6. CONFIGURATION. '

a. General. Wal Ponds should be designed with a tenglh lo width ratio of at least 2:1
wherever possible, "If the length to width ratlo is lower, the fiow pathway through the WP
should be maximized. A wedge-shapad pond with tha major inflows on the narrow end
can prevent short-circuiting and stagnation. WPs should not ba constructéd within 10
feot of the property line or within 50 feet of a private well or septic system. Slopes In and
around Wel Ponds should be 4:1 o 5:1 (horizontalvertical) or flatter wherever possible
(10:1-max. for safety/aquatic banches, sse 6.d. below}), Wet Ponds should have an
average depth of 3 to 6 feet and & maximum depth of & feel. This should be shallow
enough to minimize thermal stratification and shert-cireuiling and deep enough to
prevant sediment resuspension, reduce algal blooms, and malntain aerobic conditions.
Wet ponds should not be constructed within a natural watercourse,

b. Forebay/inflows. Wet Ponds shouid have a forebay at all major inflow points to caplura
coarse sediment, prevent excessive sediment accumalation in the remainder of the WP,
and minimize eroslon by inflow. The forebays shoutd contain 10 to 15 percent of the
{otal permanent peol volume and should be 4 to § fest deep. They should be physically
separated from the rest of the pond by a berm, gablon wall, eic. Flows exiting the
forebay should be non-erosive fo the newly constructed WP. Vegetation within forebays
can Increase sedimentation and reduce resuspenslonferosion, The forebay bottam can
be consiructed of hardenad matarials to facllitate sediment removal. Forebays should
be inslailed with permanent vertical markers that indicate sediment depth, inflow
shannels should be fully stabllized. Infiow pipes can discharge to the surface or be
pariially submerged. Forebays should be offtine (oul of the path of higher flows) to
prevent resuspansion of previously collected sediment during large storms.

¢. Quilat, Qutlel control devices should draw from open water areas 5 to 7 fest deep to
prevent clogging and allow the WP to be dralned for maintenance and to provide for
additional temperature benefits. Outlet devices are generally muitistage slructures with
pipes, orffices, or welrs for flow control. A reverse slope plpa terminating 2 to 3 feet
below the hormal water surface, minimizes the discharge of warm surface water and s
{ess susceptibie to clogyging by floating debris. Orifices, if used, should be at least 2.5
Inches in diameler and should be protectad from clogging. Outlet davices should be
Installed in the embankment for accessibility, If posstble, cutlet devices should enable
the normal water surface to be varled. This allows the water leval to be adjusted (if
necessary) seasonally, as the WP accumulates sediment over time, if desired grades
are not achleved, or for mosqulto control. A pond draln should alzo be included which
allows the permanant pool 1o be completely drained for maintenance within 24 hours.
The oullet pipe should generally be fitted with an anli-seep collar through the
ambankmard. Onllne facilltles should have an emergency spiliway that can safely pass
the 1G0-year storm with 1 foo! of fresboard. All outflows should be conveyad
downsiream In a safe and stable manner.

d. Safety/Aquatic Benches. Allareas that are deeper than 4 feet shouid have two safety
benches, totaling 15 feet in width. Cne should start at the normal water surface and
extand up to the pond side stopes at a maximum slope of 10 percent. The other should
extend from the water surface into the pond o a maximum depth of 18 Inches, also at
slopes no greater than 10 percant,

7. WET POND BUFFER. To enhance habitat value, visual aesthetics, water temperature, and
pond health, & 25-faot buffer should be added from the maximum water surface elevation, The
buffer should be planted with trees, shrubs, and native ground covers, Except in maintenance
access areas, turf grass should not be used. Exlsting trees within the buffer should be
areserved, If solls in the buffer will becoma compacted during corstruction, soll restoration
should take place {o ald buffer vegetation.
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8. MAINTENANCE AGCESS. Permanent access must be provided to the forebay, outlet, and
embankment areas. It should be at least 9 feet wide, have a maximum siope of 15%, and be
stabliized for vehicles.

9. _PLAN ELEMENTS, The pians delailing the Wel Ponds should clearly show the WP
configuration, inlets and outiets, elevations and grades, safely/aquatic benches, and the
location, quantity, and propagation methods of pond/huffer vegelation. Plans shouid also
include site preparatlon techniques, construction sequence, as well as maintenance schedules
and requlrements,

10, REGULATION, Wet Ponds that have drainage areas over 100 acres, embankments greater
than 15 fast high, or a capacity greater than 50 acre-feet may be regulated as a dam by PADEP
(see Title 25, Chapiet 105 of the Pennsylvanla Coda).
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Detalied Stormwater Functions
Volume Reduction Galculations

Although not typleally considered a volumae-reducing BMP, Wet Ponds can achlsva some volume
reduction through [nfiliration and evapotranspiration, sspecially during small storms. According to the
International Stormwater BMP Database, wel ponds ntave an average annual volume reduction of 7
percent (Strecker et al,, 2004). Hydrologic calculations that should be performed Lo verify that the WP
will have a viable amount of Inflow ¢an also predict the water surface elevation under varying
condllions. The volume stored between the predicted water leval and the lowest outlet slevation will be
removed from the that design storm.

Peak Rate Mitigation Calculations

Peak rate is primarily controiled in Wet Ponds through the franslent storage above the normal water
surface, See Saction 8 for Peak Rate Mitigation methodology.

Water Quality Improvement

Wat Ponds Imprave runoff qualily through settling, fillration, uptake, chemical and biological
decomposlilion, volatiization, and adsorption. WPs are relatively effective at remaving many cemmon
stormwater poflutants including suspended solids, heavy metals, total phosphorus, total nitrogen, and
pathogens. The poliutant removal effectiveness varies by season and may be affected by the age of
the WP, it has bean suggested that {his type of BMP does not provide significant nutrisnt removal In
the long term unless vegetation is harvested because captured nutrienls are released back into the
waler by decaying plant materlal. Even if this is trus, nutrients are usually released graduatly and
during the non-growing season when downstream susceplibility is generally low (Hammer, 1990). See
Sactlon 8 for Water Quality improvement methodology, which addresses pollutant removal
effactiveness of this BMP.

Construction S8aquence

1. Separale wet pond area from contributing drainage area:
a. All channels/plpes conveying flows to tha WP should be routed away from the WP area
untll It is completed and stabilized.
b. The area Immediately adjacent to the WP should be stabilized in accordange with the
PADEP's Eroslon and Sediment Pofiution Gonlrol Program Manual {2000 or latest
adition) prior to construction of the WP.

2. Clearing and Grubbing;

a. Clear the arsa to be excavated of all vegetation,

b, Remove all tree roots, rocks, and boulders.

¢. Fiit'all stump holes, crevices and similar areas with Impermeable materlals.
3. Excavata hottomn of WP to desirad elavation {Rough Grading).
4. Install surrounding embankments and Inlet and outiat contral structures.

5, Grade and prepare subsoll,
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8. Apply and grade planting soil.
a. Malching deslgn grades | cruclal because aquatlc plants can be very sensitive to depth.

7. Apply erosion-control measures,

8. Seed, plant and mulch according to Planting Plan

9. install any antl-grazing measures, If necossary.

10. Follow required maintenance and moniloring guidelines.

Maintenance Issues

Wel Ponds should have & malntenance plan and privately owned facilities should have an easemant,
deed restriction, or other legal measure to prevent neglect or removal. During the first'growing season
or untli establishad, vegetation should be inspected every 2 1o 3 weeks. WPs should be Inspecied al
ieast 4 thmes per year and after major storms {grealer than 2 inches In 24 hours) or rapid ice breakup.
inspactions should access the vegetation, erosion, fiow channeifzatlan, bank stabllity, inlet/oullet
conditions, smbankment, and sediment/debris accumulation. The pond drain should also be inspected
and tested 4 times par year., Problems should be correcled as soon as possible. Wel Pond and buffer
vegelation may need supporl (watering, weeding, mulching, replanting, etc.) dusing the first 3 years,
Undesirable spacias should be carefully removed and deslrable replacements planted if necessary.

Once established, propsrly designed and Installed Wet Ponds should require litile maintenance.
Vagelation should maintain at least an 85 percent cover of the emergent vegetation zone and buffer
area. Annual harvesting of vegetation may increase the nutrient removal of WPs, if parformed it shouid
generally be done In the summer so that there Is adequate regrowth before winter. Care should be
taken fo minimize disturbance, especially of bottom sediments, during harvesting. The polential
disturbance from harvasting may outwelgh its benefits unless the WP raceives a parllcularly high
nutrient load or discharges to a nutrient sensitive waterbody. Sediment should be removed from the
forebay before It occuples 50 percent of the forebay, typically svery 5 to 10 years.

Cost Issues

The construction cost of Wet Ponds can vary greatly depsnding on the conflguration, location, sile-
specHic condltions, ete. Typleal consiruction costs in 2004 dollars range from approximately $25,000 to
$50,000 per acre-foot of storage {based on USEPA, 1988). Costs are generally most dependent on the
amount of sarihwork and the planting. Annual maintenance costs have been reported to be
approximately 3 fo 5 percent of the capilal costs although there s iittle data availabie to support this.In

addition to the construction and maintenance costs, there is the cost or loss of value for the property
involved,

Specifications:

The followlng specifications ara provided for informalion purposes only. These spacifications include
information on acceptable materiais for typical applications, but are by no means exclusive or limlling.
The designer is responsible for developlng detailed specifications for individual design projects In
accordance with the projact conditions.,
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1. Excavation
a. The area to be used for the WP should be excavated fo the requlred depth helow the
deslred bottom slevation to accommodate any required Impermeable liner, organic
matter, and/or planting soll.
b, The compaclion of the subgrade andfor the Installallon of any Impermeable liners wili
follow immediately,
2. Subsoll Preparation
a. Bubsoll shall be free from hard clods, stiff clay, hardpan, ashes, slag, censtruction
dabris, petreleum hydrocarbons, or other undesirable material. Subsoll must not ba
dellvered in a frozen or muddy state.
b. Scarify the subscli to a depth of 8 to 10 Inches with a disk, rototiller, or similar
squipmant.
¢. Rolt the subscil undar optimum malsture conditicns to a dense layer with four to six

passes of a shespsfoot roller or equivalent. The compacted tayer shall be al lsast 8
inches thick.
3. Planting Soll (Topsol|

a. Use a minimum of 12 inches of topsoll in the emergant vegetation zone {less than 18"
deep) of the pond. If natural topsoil from the site is to be used it must have at least 8
percent organic carbon conlent (by weight) in the A-horizon for sandy solls and 12% for
other soll iypes.

b. If planting soif Is belng imported It should be made up of equivalent proporlions of
organlc and mineral materials,

¢. Lime should not be added to planting soll unless absolutely necessary as it may
encourage tha propagatlon of Invasive spsecies.

d. The final slevations and hydrology of the vegetative zones shouid be evaluated prior to
planting to determine if grading or planting changes are required.

4. Vagetation ‘

a. Piant Lists for WPs can be found Igcally. No substitulions of specifled plants wili be
accepted without pricr approval of the designer. Planting locations shall be based on the
Pilanting Plan and dlrected in the field by a qualified watland acologist.

b. Ail Wat Pond plant stock shall exhiblt five buds or shoots. All plant stock shall be turgid,
firm, and rasilient, Internodes of rhizomes may ke flexible and not necessarlly rigid, Soft
or mushy stock shall be rejected. The stock shall be free of deleterious insect
infestation, disease and defects such as knols, sun-scald, injuries, abrasions, or
disfigurement that could adversely affect the survival or performance of the plants,

c. Al stock shall be free from Invasive or nulsance plants or seeds.

d. During all phases of the work, including transpeort and onsite handling, the plant
materials shall be carefully handied and packed to pravent injuries and daslceation,
Durlng transit and onslte handling, the plant material shall be kept from fraszing and
shall be kept coverad, moist, cool, out of the weather, and oul of the wind and sumn.
Plants shall be watared io maintain molst salt andfor plant conditions untli accepled.

8. Planis not mesting these specitications or damaged during handling, loading, and
unloading will ba rejected.

f. Detalled planiing specifications can be found locally, and in Appendix B,

5. Qutlet Cantrol Structura

a. Qutlet control structures shall be constructed of non-corradible materlal,

b. Qutlets shall be resistant lo clogging by debris, sediment, ftoatables, plant material, or
ice,

¢. Materials shall comply with applicable specifications (PennDOT or AASHTO, latest
adition)
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BMP 6.6.3: Dry Extended Detention Basin

A dry extended detention basin is an earthen structure
constructed elther by Impoundment of a natural depression or
excavation of existing soil, that pravides temporary storage of
runoff and functions hydraulically to attenuate stormwater runoft
peaks. The dry detention basin, as constructed In countless
locations since the mid-1870's and represeniing the primary BMP
measure until now, has sarved to control the peak rate of runoff,
aithough some water quallty benafll accrued by seltlernant of the
farger partlculate fraction of suspended solids. This extendad
varsion is intanded to enhance this mechanism In order to
maximlze wafer guallty benefiis,

The basin outlel structure must be designed to detain
runoff from the siormwater quality design storm for extended
periods. Some volume reduction Is also achleved in a dry basin
thraugh initlal saturation of the soll mantie {even when compactied) and some evaporation takes place
during detention, The nel volume reduction for design storms is minimat, especlaily if the precedent
soil malstura Is assumed as In other volume raduction BMPs.

Koy Doslgn Elements Potantial Applications

Residentisl: Yes
Commarclal: Yes
Ulira Urban: Yes
Industrial: Yes
Retroflt: Yas
Highway/Road: Yes

' Evaluation of the device chosan should be balanced wilh cost
+ Hydraulic capacity conirels elfectiveness Volume Reductlon: Low
* ideal In comblination wlth other BMPs Recharge: None

. ’ Peak Rate Control: High
rel?negj:lar maintenance is necessary including perlodle sediment ; Watar Quality: Low

Water Qualily Functiong

TS3: 60%
TP: 40%
NQ3: 20%
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Description

Dry extended dstention basins are surface stormwater structures which provide for the temporary
storage of stormwater runoff to prevent downstream flooding Impacts. Water qualily benefits may be
achloved with extended detention of the runoff volume from the water quality destgn storm,

The primary purpose of the detention basin is the attenuation of stormwater runoff peaks.
«  Datentlon basins should be designad to control runaff peak flow rates of discharge for
the 1 year through 100 year svents,
+ Inflow and dgischarge hydrographs should be calculated for each selecled dasign storm,
Hydrographs should be based on the 24-hour ralnfall event.
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Baslns should be designed to provide water quality treatment-storage to capture the computed
runoff volume of the water quality design storm,
+ Detention basins should have a sediment forebay or equivalent upstream pretreatment,
The forabay should consist of a separate cell that is offline (so as to not resuspend
sadiment, formed by an acceptable barrier and will need perlodic sediment removal,
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* A micropool slorage area should be designed whare feasible for the extanded delention
of runoff volume from the water quality design storm.,
* Flow paths from inflow paints to outlets should be maximized,

Variatlons
Sub-surface extended detentlon

Extended detention storage can also be providaed in a varlety of sub-surface structural elamants, such
as underground vaults, tanks, large plpes or other structural media placed in an aggregate filled bed in
the soll mantle. Al such syslems are designed to provide runoff peak rate mitigation as thelr primary
function, but some pollutant remaoval may be included. Regular maintenance Is needed, since the
structure must be drained within a deslgn period and cleaned to assure detention capacity for
subsequent rainfall events. These facililies are usually inlended for space-limited appllications and are
not inlended to provide significant water quallty ireatment.

+  Underground vaults are typleally box shaped underground stormwater storage facilities
conslructed of reinforced concrete, while tanks are usually constructed of iarge diameter metal
or plastic plpe. They may be sltuated within a building, but the use of Internal space s
frequently not cost beneficial.
+  Storage deslgn and routing methods are the same as for surface detention basins.
+  Underground vaults and tanks do not provide water quality treatment and should be
used in combination with a pretreatment BMP.

+ Underground detention beds can be conslructed by excavating a subsurface area and filling
with uniformly graded aggregate for support of overlying land uses.

« This approach may be used where space is limited but subsurface infiltration is nel
feasibie due to high water table conditions or shallow soil mantle.

+  Ag with detention vauits and tanks, this facility provides minimal water quality treatment
ard should be usad In combination with a pretreatment BMP.

« {tis recommended that underground detention facilities not be lined lo aflow for even
mintmal infiifralion, except In the case where toxic conlamination is possible.

Applications

’ Low Density Residential Development
. industriat Development

u Commercial Development

. Urkan Areas

Design Considerations
1, Storage Volume, Depth and Duration
a. Extended detention basins should be designed to mitigate runoff peak flow .rates.b. An
emargancy outlet or spllilway which is capable of conveying the splliway deslgn fload (SDF)
should be included In the design. The SDF is usually equal to the 100-year design flood

¢. Extended detentlon basins should be designed to treat the runoff volume produced by
the waler quality deslgn storm.
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d. Extended Dstention Basins are designed to achieve a specified detention time. Details
on the delantlon fime are outlined In Chapter 3,

8. Tha lowes! slevation within an extanded dry detentlon basin should be at least 2 feet
above the seasonal high water table. If high water table conditlons are anticlpated, then

the design of a wet pond, constructed wetland or bloretention faclity should be
consldered.

2. Dry Extended Detentlon Basin Locatlon

a. Extended detention basins should be located down gradient of disturbed or developed
areas on the site, The basin should collect as much site runoff as possible, especially
from the slle’s impervious surfaces (reads, parking, bulldings, etc.).

b. Extended detantion basins shauld not be consiructed on steep slopes, nor showld sfopes
he slignificantly altered or modified 1o reduce the steepness of the existing slops, for the
purpose of installing & basin,

¢. Extended detention basins should no! worsen the runoff polential of the existing sita by
ramoval of traes for the purpose of installing 8 basin,

d. Extended detentlon basins should not be consiructed in areas with high quaiity and/or
welil draining solls, which are adequate for the installalion of BMPs capable of achieving
stormwater infiltration.

e. Extended detsntion basins should nol be constructed within jurisdictional waters,
including wetlands.

3. Basln Slzing and Conflguration

a. Basins should be shaped lo maximize the length of stormwater flow pathways and
minimize short-clreuited Inlet-outlet systems. Basins should have a minimum width of 10
feet. A minimum length-to-width ratlo of 2;1 is recommended to maximize
sedimentation,

b. lrregularly shaped basing are encouraged and appear mare natural,

c. If se conditiens inhibit constructicn of a long, narrow basin, baffles constructed from
earthaen berms or other materials can be Incorporated Inte the pond deslgn to “lengthen”
the stormwater flow path. Cara should be taken to ensura the design storage capacity is
provided after baffle installation,

d. Low flow channels, f required, should always be vegstated with a maxlmum slope of 3
percent to encourage sedimentation. Allernatively, other BMPs may be considerad such
as wet ponds, constructed wallands or bioretention.

4. Embankments
a. Embankmants should be less than 15 feet in helght and shouid have side siopes no

steaper than 3:1 (H:V).
b. The basin shouid have a minimum freehoard of 1 foot above the SDF elavaticn.

5. Inlet Structures

a. Inlet structures to basln should not be submergad at the normal poot depth,
b. Erosion proteciion measures should be utilized {o stabifize Inflow structures and
channels.
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6. Qutlet Deslgn

a.

In order to meet designs storm requirements, dry extended detentlon basins should have
a mullistage outlet structure, Thres elements are typically inciuded in this design:

1, Alow-fiow oullet that controls the extended detentlon and functions to slowly

relaase the water quality design storm.

2, Aprimary outlet that functions 1o attenuate the peak of larger design storms.

3. Anemergency overflow oullet/splilway
The primary oullet structure should incorporate welrs, orifices, pipes or a combination of
these to control runof! peak rates for required design storms. Water qualily storage
should be provided below the invert of the primary outlet. When routing basins, the low-
flow outlet should be included in the depth~dischargs relationship.
Energy dissipaters are to be placed at the end of the primary outlet to prevent erosion. If
the basin discharges to a channel with dry weather flow, care should be taken to
mirdmize tree clearing along the downstream channel and to reestablish a forested
riparian zone between the outlet and natural channel. Whaere feaslble, a multipie orifice
outlet system is preferred to a single pipe.
The oriflce should typlcally be no smaller than 2.5 inchses in diameter., However, the
oriflce dlameter may be reduced to 1 inch If adequate protection from clogging is
provided.
The hydraulic design of all outlel structures should consider any lallwater effects of
downsiraam waterways,
The primary and low flow outlet should be protecled from clogging by an external trash
rack.

7. Sediment Forebay

8,

b,

Forebays should be incorporated Into the extended detention design, The forebay
storags volume is included for the water quality volume raquirement.
Forebays should he vegetated 1o improve filtering of runoff, ta reduce runcHf veloclty, and
te stabilize soils against erosion. Forebays are typlcally constructed as shallow marsh
areas and should adhere io the following design criteria;
1. H s recommended that forebays have a minimum length of 10 feet,
2. Storage should be provided to trap the anticipated sediment volume produced
over a period of 2 years,
3. Forahays should be protectad from the erosive force of the inflow to prevent
resuspansion of previously collected sediment during large storms (lypically
constructed offine).
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8. Vegetation and Solls Protection

a. Care should be taken to prevent compaction of in situ solls in the boitom of the extended
detention basin In order to promote healthy plant growth and to ancourage infiliration, if
soils compaction is not provented during construction, solls shoutd be restored as
discussed in BMP 6.7.3 - Solls Amendment & Resteration,

b. Itis recommended that basin botioems be vegetated in a diverse native planting mix to
reduce maintenance needs, promote naturat landscapes, and increase infiltration
potential. Vegetalion may include treas, woody shrubs and meadow/wetland
herbaceous plants.

c. Woody vegstalion should not be planled on the embankments or within 25 feet of the
emargancy overflow spillway.

d. Meadow grasses or other deeply rooted herbaceous vegetalion is recommended an the
intarior slope of embankments,

8. Ferlilizers and pesticides should not be usead.

9. 8pecial Design Conslderations
8. Ponds that have embankments higher ihan 15 feet, have a dralnage of more than 100
acres or will impound more that 80 acre-fest of runoff during the high-water condition will
be regulated as dams by PADEP. Tha daslgher shail consult Pennsylvania Chapter 105
to determine which provisions may apply o the specific project in question,
b. Exiended detenticn ponds should noi he utllized as racreation areas dus 1o heaith and
safely issues. Dasign features that discourage access are racommended.

Detailed Stormwater Functions

Peak Rate Mifigation

Inflow and discharge hydrographs should be calculated and routed for each design storm.
Hydragraphs should be based on a 24-hour rainfall event.
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Water Quality Improvement

Water quality mitigation Is partially achieved by retaining the runoff volume fram the water qualily
design storm for a minlmum prescribed period as specified in Chapter 3. Sediment forebays should be
Incorporated into the deslgn to Improve sediment removal. The storage volume of the forebay may be
included in-the caloulated storage of the water quality design volume.

Construction Sequence

1,

coNe oaw

install all tamporary eroslon and sedimentation controls.

a. Tha area Immediately adjacent to the basin must be stabilized in accordance with the
PADEP's Eroslon and Sediment Pollution Control Program Manual {2000 or latest
edltion) prior to basin construction,

Prapare slte for excavation andfor embankment construction.

&, All existing vegetatlon should remaln if feasible and should only be removed if necessary
for construction,

b. Care should be taken to prevent compaction of {he basin bollom.

¢, If exeavation Is required, clear the area to be excavaled of all vegetation. Remove all
traa roots, rocks, and boulders only in excavation area

Excavate bottom of basin to desired elevation {If necessary).

Install surrounding embankments and inlet and outlet control structures.

Grade subsoil in bottom of basin, taking care to prevent compactien. Compact surrounding
ambankment areas and around inlet and outiel structures.

Apply and grade planting soll.

Apply geu-textiles and other erosion-control measures.

Seed, plant and mulch according to Planling Plan

Install any anti-grazing measures, if necessary.

Maintenance lssues

Maintenance is necessary to ensure proper functionality of the extended detention basin and should
take place on a quarterly basis. A basin maintenance plan should be davaloped which Includes the
following measures:

L]

All basin structures expedcied to recelve and/or trap debris and sediment should be inspscted for
clogging and excessive debris and sediment accumulation at least four times per year, as wsl!
as after every storm greatar than 1 Inch,

+  Structures include basin boltoms, trash racks, outlets structures, riprap or gabion
struciures, and inlets, :
Sediment removal shouid be conducted when the basin is completely dry. Sedimant should be

disposed of properly and once sediment 13 removed, disturbed areas need to ba immediately
slabilized and revegstated.
Mowling and/for trimming of vegetation should be performed as necessary to sustain the system,
but all detritus should be remaved from the basin,
*  Vegelaled areas should be Inspected annually for erosion.
+ Vaegelated areas should be Inspected annuelly for unwanted growth of exotic/invasive
spacies,
+  Vegetallve cover should be malntained at a minimum of 85 percent, If vegetative cover
has been reduced by 10%, vegetalion should be reestablished.
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Cost Issues

The construction costs assoclated with dry extended detentlon baslins can range conslderably. One
recent study evaluated tha cost of all pond systams (Brown and Schueler, 1897), Before adjusting for
inflation from 1997, the cost of dry extended detentien ponds can be estimated with the equation:

C = 12.4Y0.760
Whare:

G = Construction, Design and Permitting Cost

V = Volume needed to control the 10-year storm (cubic feet)
Usling this equalion, a typical construction costs {1997) are:
$ 41,800 for a 1 acre-foot pond

$ 239,000 for a 10 acre-foot pond

$ 1,380,000 for a 100 acre-fool pond

Dry sxtendad dstention basins uiilizing highly structural design features (rip-rap for erosion cartrol, efc.}
are mora costly than naturalized basins. There is an Instatlation cost savings assoclated with a nalural

vegetatad slope treatmenl which is magnified by the additional environmental benefits provided. Long-

term malnienance costs are reduced when more naturalized approaches are utllized due to the ability

of native vegelation to adapt to local weather condltions and a reduced need for maintenance, such as
mowing and fartlization.

Normal malntenance costs can be expectad to range form 3 to 5 parcent of the construction costs on
an annual basls,

These costs don't Include the cost or value of the proparty.

Specifications

The following specifications are provided for information purposes only. These specifications include
information on acceptable materials for typlcal applications, but are by no means exclusive or limiting.

The deslgner [s responsible for developing detallad specifications for individual design projects in
accordance with the project condillons.

1. Site Preparation

a. All excavation areas, embankments, and where structures are to be installed sheall be
cleared and grubbed as necessary, but trees and existing vegetalion should be retained
and incorporated within the dry delentlon basin area where possible,

b, Where feaslbla, irees and other naflve vagetation should be protected. A minlmum 10-
foot radius around the inlet and cutlst structures can be cleared to allow construsiion.

¢. Any cleared material should bs used as mulch for eroston control or soll stabiflzation.

d, Care should be taken to prevent compaction aof the bottom of the reservolr, If
compaction shouid oceur, solls should be restored and amended.

2. Earth Fill Material & Placament
4. The fill material should be taken from approved designated excavation areas. It should
be free of roots, stumps, wooed, rubblsh, stones greater than 6 inches, or other
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objectionable materials. Materials on the outer surface of the embankment must have
the capability to support vegetation,

B. Araas whete fill Is to be placed should be scarifled prlor to placement. Flll materials for
the embankment should be placed in maximum 8-inch fifts, The princlpal splliway
should he Installed concurrently with fill placement and not excavated Intc the
embankment,

¢. The movement of the hauling and spreading equipment over the site should be
controlled. For the embankment, each lift should be compacted to 85% of the standard
proctor. Flll materlal should contain sufficiant moisture so that if formead in to a bali it will
not crumble, vet not be so wet that water can be squeezad out.

3. Embankment Core '

a. The core should be parallel to the cenlerline of the embankment as shown on tha plans,
The top width of the core should be at least four feet. The helght shouid extend up to at
least the 10-year water elevation or as shown on tha plans. The side slopes shouid be §
to 1 or flalter. The core should be compacted with canstruction equipment, rollers, or
hand tampers {o assure maximum dansity and minimum permeability. The core shotild
ke placed concurrently with the outer sheil of the embankment.

4. Structure Backfili

a. Backfill adjacent to plpes and structures should be of the type and quality conforming to
that specified for the adjolning fili material. The fill should be placed In horizontal layers
not 1o excead four inches in thickness and compacted by hand tampers or other
manually direcied compaction equipment. The material should fill completely all spaces
under and adjacent to the pipa. At no time during the backfilling operatlon should driven
squipment be atlowed to oparate closer than four feet to any part of the structure.
Equipment shouid not be driven over any part of a concrete struclure or pipe, uniess
there Is a compacted il of 24 inchas or greater over the struciure or pipe,

b, Structure backfill may be flowable fill meating the requirements of the PADOT Standard
Specifications for Construction. Material should be placed so that a minimum of &
inches of flowabile fill should be under {bedding), over and, on the sides of the pipe. 1t
only needs to extend up to the spring line for rigld condults. Average slump of the fif
matsrial should be 7 Inches to assure fiowability of the mixture. Adequate measures
should be laken {sand bags, ete,} to preveni floating the plpe. When using flowable fil
all melal plpe should be bituminous coated, Adjoinlng soil fill should be plaged in
hortzontal fayers not to exceed 4 Inches in thickness and compacted by hand tampers or
other manually directed compaction aquipment,

¢. Refer to Chapter 220 Of PennDot Pub. 408 (2000).

5. Rock Riprap

a. Rock riprap should maeet the requirements of Pennsylvania Department of
Transportation Standard Specifications.

6. Stabiiization

a. All borrow areas shouid be graded to provide proper dralnage and left In a sightly
condiffon. All exposed surfaces of the embankment, spiliway, spoil and borrow areas,
and berms should be stabilized by seeding, planting and mulching.

7. Operation and Malntenance
8. An operallen and malntenance plan in accerdance with Local or State Regulations will
be prepared for all basins, As a minimum, a dam and inspaction checklist shouid be
included as part of the operation and maintenance plan and performed at [sast annually.
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APPENDIX H

DEP LEVEE DATA'

' Editor’s Note: The levee data is on file in the Township offices.
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