Dry Ponds

Description

Dry ponds, also called "detention ponds," are stormwater basins that
are designed to intercept a volume of stormwater runoff and tempo-
rarily impound the water for gradual release to the receiving stream
or storm sewer system. Dry ponds are typically on-line, end-of-pipe
BMPs. Dry ponds are designed to completely empty out between
runoff events, and therefore provide mainly runoff rate control as
opposed to water quality control. Dry ponds can provide limited
settling of particulate matter, but a large portion of this material can
be resuspended by subsequent runoff events. Therefore, dry ponds
should be considered mainly as practices used to reduce the peak
discharge of stormwater to receiving streams to limit downstream
flooding and to provide some degree of channel protection.

Most dry ponds are designed to empty in a time period of less than 24
hours, resulting in lower contaminant removal (the inter-event settling
time does not exist) than wet ponds. If water quality treatment is the
intended goal of the pond, a wet or extended storage pond design
should be considered (see the Wet Pond and Extended Storage Pond
BMP Sections for more information on these systems).

Detention basins can limit downstream scour and loss of aquatic
habitat by reducing the peak flow rate and energy of stormwater
discharges to the receiving stream. Typically, dry ponds are designed
so that release rates are comparable to pre-development flow rates.

As a general rule dry ponds should be implemented for drainage
areas greater than 10 acres. This area requirement is purely a
function of the outlet sizing to ensure that the outlet does not become
clogged.

A diagram of a typical detention basin is shown in Figure 1.

Modeling studies have indicated that substantial improvement can be
made in removal efficiency if a 48-hour detention time can be
employed. While achieving this for smaller drainage areas can be
difficult (because of outlet orifice size considerations), the use of dry
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Purpose
Water Quantity
Flow attenuation .
Runoff volume reduction |:|
Water Quality
Pollution prevention
Soil erosion N/A
Sediment control N/A
Nutrient loading N/A
Pollutant removal
Total suspended sediment (TSS) I:I
Total phosphorus (P) |:|
Nitrogen (N) |:|
Heavy metals |:|
Floatables I:l
Oil and grease |:|
Other
Fecal coliform |:|
Biochemical oxygen demand |:|

(BOD)

. Primary design benefit

I:I Secondary design benefit

I:I Little or no design benefit
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ponds in larger catchments (especially in retrofit situations) may have greater potential than previously thought,
especially if infiltration occurs. There are no documented performance monitoring data for dry ponds with longer
detention times however, and re-suspension of settled material remains a concern. As such, the use of dry ponds
(for water quality control) remains largely restricted to retrofit situations, situations where temperature is an
overriding concern and situations where other more effective BMP types are infeasible. Dry ponds may be used
as part of an overall treatment train approach.

Enhancement Options

Sediment Forebay

The treatment efficiency of a dry pond can be increased by incorporating a forebay into the pond design. A
sediment forebay facilitates maintenance and improves pollutant removal by trapping larger particles near the inlet
of the pond. The forebay should include a deep permanent pool (greater than 3 feet) to minimize the potential for
scour and re-suspension.

Extended Storage

Traditional dry ponds have rarely been considered acceptable ponds from a water-quality perspective. The poten-
tial for scour and small detention times almost always eliminates these ponds from consideration as a water-quality
BMP. However, designs that eliminate scour by controlling the flow through the pond can provide acceptable
treatment. Enhanced swales and dry ponds that utilize extended storage principles can serve to meet water quality
goals; however, they must be carefully and properly designed, implemented and maintained. To operate properly,
these treatment systems need outlet controls with filters, weirs or other energy-dissipation and flow-spreading
devices constructed as part of the pond. The Extended Storage and Permeable Weirs BMP Sections provide more
detailed information on this type of pond design.

Micropool at the Outlet

The performance of a dry pond can be enhanced through the provision of a micropool at the outlet. The micropool
is typically relatively shallow and undrained. Its purpose is to concentrate finer sediment and reduce re-suspension.
The micropool is normally planted with hardy wetland species such as cattails. Figure 2 illustrates a micropool in a
dry pond, facilitated by the use of a reversed slope outlet pipe.

Pond Shape

To maximize the treatment potential of the pond, the inlet and outlet should be positioned in such a way that short-
circuiting in the basin is minimized. Ponds that are considerably longer than wide (e.g. length equal to three times
width) will likely provide additional detention time for settling and biological treatment. Baffles and curved flow
paths can also be used to increase settling efficiency.

Low flow Channels

Low flow channels serve two purposes: to prevent erosion as runoff first enters the pond during a storm event, and
to route the last remaining runoff to the outlet after the event, ensuring that the basin dries completely.
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Figure 1: Typical Dry Pond
Source: NVPDC, 1992.
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Figure 2: Dry Pond Micropool and Reversed-Slope Outlet Pipe

Source: Ontario Ministry of the Environment, 1999.
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Advantages

* Can perform well in cold climates.

» Can limit downstream scour and loss of aquatic habitat by reducing the peak flow rate and energy of
stormwater discharges to receiving streams.

» Can be used as recreational areas (ex. athletic fields) if not needed for water too often and if designed prop-
erly.

Limitations

* Generally not prescribed for drainage areas less than 10 acres.

* Provides only marginal removal of stormwater pollutants.

» Potential for clogging of outlets

* Sediments can be resuspended in the pond if not removed between storm events.

» Can be considered unattractive by residents. Poorly maintained basins can create nuisance odors and weed
growth and collect trash.

* Depending on their volume and depth, pond designs may require approval from dam safety authorities.

Design

Drainage Area

As a general rule dry ponds should be implemented for drainage areas greater than 10 acres. This area require-
ment is purely a function of the outlet sizing to ensure that the outlet does not become clogged. Smaller drainage
areas may be considered (subject to minimum orifice sizing and hence reduced detention times) if the dry pond is
used as part of an effective treatment train approach.

Pond Volume and Water Quantity Control Requirements

The required volume of the dry pond (sometimes called the "flood storage volume," or "live storage") will be
dependent on local conditions and policies. Normally, sufficient storage will be required to ensure that post develop-
ment peak flows can be controlled to pre-development levels for storms ranging from a 2-year through 100-year
return period. In some situations where downstream flooding is a concern, control of more frequent events may be
required. Direction should be sought from the local municipality and/or conservation authority for requirements at
specific locations.

Detention Time

A minimum detention time of 24 hours should be targeted in all instances, unless the potential for clogging the outlet
is high. Where possible, a detention time of 48 hours should be employed to improve suspended solids removal (as
discussed in the Enhancement Options section, above). In cases where the outlet is susceptible to clogging (i.e.
drainage areas less than 20 acres) the detention time can be reduced to a minimum of 12 hours.

The preferred minimum orifice size is equivalent to a 4-inch-diameter opening. In instances where a perforated
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riser outlet is designed, the orifice is protected by the other smaller perforations in the riser and a minimum orifice
size equivalent to a 2-inch-diameter opening is acceptable. Where small orifices are required, consideration should
be given to providing an overflow outlet which would operate in the event there is blockage of the primary orifice.

Pond Slopes

The grading in a dry pond is less critical than a wet pond since there is no permanent pool. The typical extended
detention time of 24 to 48 hours, however, indicates that water will be present in these facilities for a reasonable
period of time. Therefore, the grading of the pond side slopes should be terraced with an average slope of 3:1 or
flatter. Flatter slopes help to prevent erosion of the banks during larger storms and make routine basin tasks, such
as mowing, easier. Flat slopes also provide for public safety, and allow easier access. Steeper slopes may result in
fencing requirements, creating unsightly conditions.

Length to Width Ratio

All stormwater servicing should be conveyed to one inlet location at the pond if possible. In order to provide the
longest flow path through the pond, the inlet to the pond should be located as far away from the pond outlet as
possible. The desired flow path in a pond is generally described by the length to width ratio recognizing that a
specific storage volume is to be provided in the pond . A pond with a length to width ratio > 3:1 will have an
acceptable flowpath. Preferred length to width ratios range from 4:1 to 5:1. An acceptable design feature to
increase the length to width ratio is berming to redirect flows at certain elevations. This practice increases the
pond performance by ensuring that short circuiting cannot occur. One drawback associated with berming within
the pond is that additional land will be required to fulfill the storage requirements for water quality, erosion, and/or
quantity control.

Live Storage Depth

The maximum depth of the water in the pond (also called the "bounce") should be limited to 6 to 10 feet. This
maximum applies to all extended detention objectives (i.e. water quality, erosion, and quantity control). If a planting
strategy is proposed for the dry pond, these maximum depths may be reduced. However, planting options in a dry
pond are somewhat limited due to harsh growing conditions in the basin (frequent wetting/drying) hindering the
establishment of plants.

Winter Operation

Dry ponds are normally the least affected by winter/spring conditions because there is no permanent pool and the
pond's function is not dependent on infiltration. Precautions can be taken to guard against freezing of pipes and
orifices (Oberts 1991), and a bypass (flow-splitter) can be employed to limit inflow (and hence scouring of accu-
mulated sediment) by major spring storms. Otherwise, dry ponds do not require special consideration of winter
conditions.

Pond Inlet/Outlet Structures and Pipes

The pond should be designed in such a way that turbulence in the main treatment area is minimized. For example,
inflow points should be designed with energy dissipaters to reduce inflow velocity. Reducing the turbulence will
reduce the chance that previously deposited materials will be resuspended. It will also result in conditions more
conducive to settling while the pond is filling. Energy dissipation at inflow points can also be accomplished with
micropools or flow spreaders.
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Design

The outlet area should be a deeper micropool to provide final settling and prevent resuspension of sediments. The
outlet device should be carefully designed, since it is important to the operation of the entire pond system. There
are numerous outlet configurations possible for dry ponds, such as perforated risers and reversed-slope pipes. The
outlet should be located in the pond embankment wherever possible for ease of maintenance and aesthetics.
Several options for dry pond outlets are discussed in the Alternative Outlet Designs BMP Section. A pond outlet
with a micropool and a reversed-slope pipe are shown in Figure 2.

In most cases, emergency spillways should be included in the pond design. Emergency spillways should be sized to
safely pass flows that exceed the design storm flows. The spillway prevents pond water levels from overtopping
the embankment, which could cause structural damage to the embankment. The emergency spillway should be
located so that downstream buildings and structures will not be negatively impacted by spillway discharges. The
pond design should include a low flow drain to assist in pond maintenance. The drain pipe should be designed for
gravity discharge and should be equipped with an adjustable gate valve. Embankments and spillways should be
designed in conformance with the state Dam Safety regulations and criteria.

The design of the pond embankment is another key factor to be considered. Proper design and construction of the
embankments will prolong the integrity of the pond structure. Subsidence and settling will likely occur after an
embankment is constructed. Therefore during construction, the embankment should be overfilled by at least 5
percent (SEWRPC, 1991). Seepage through the embankment can also affect the stability of the structure. Seep-
age can generally be minimized by adding drains, anti seepage collars, and core trenches. The embankment side
slopes can be protected from erosion by using minimum side slopes of 3:1 and by covering the embankment with
vegetation or riprap. The embankment should also have a minimum top width of 2 meters (6 feet) to aid in mainte-
nance.

Low-Flow Channels

A low flow channel routes the last remaining runoff, dry weather flow and groundwater to the permanent pool and
outlet. A low flow channel should be installed in the basin to ensure that the basin dries out completely between
storm events. Low flow channels also serve to prevent erosion of the pond as runoff first enters the pond. Pervi-
ous or impervious channel lining may be used. A pervious lining allows interaction of the runoff with the soil and
grass, resulting in increased sorption of pollutants. Design velocities in pervious low flow channels should be high
enough to prevent sedimentation and low enough to prevent scouring and erosion. (See specific recommendations
below under Scour Control.) No minimum low flow channel velocity is needed if a forebay is utilized prior to the
low flow channel. The maximum flow velocity is dependent on the nature of the material used to line the channel.

Scour Control

Scour is the erosion of pond bottom or bank material due to high flow velocities. Scour control is important to
maintain the function of the pond and reduce erosion, especially near the inlet. Inlet areas and inlet structures
should be designed to control velocities at the inlet whether from large or small storm events.

Flow-diffusion devices, including plunge pools, directional berms or other specially created dissipation structures,
are often recommended. For annual events, the velocity leaving the inlet area and entering the main treatment area
should be less than 1 foot per second (fps). Decreasing velocity reduces scour and more importantly reduces
mixing currents that reduce treatment efficiency.
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The MPCA recommends that the following design storms be considered in the pond design. Scour prevention can
be achieved if velocities through the main treatment area are limited to the following maximums:

1 foot per second for the 1-yr 2.4” event:
3 feet per second for the 2-yr, 2.8” event:
5 feet per second for the 10-yr, 4.0” event and the 100-yr, 6.0” event

Velocities are calculated as outflow divided by the area of the critical cross-section. All events are considered to
be the 24-hour NRCS distribution event.

Sequencing

* Dry ponds may be constructed in the early phases of a development project, in order to treat site runoff during
construction.

» Ifthe basin is used as a sediment trap during construction, all sediment deposited during construction should be
removed before normal operation begins.

Construction

» As with other stormwater BMPs, soils, depth to bedrock, and depth to water table must be investigated before
designing a dry pond. At sites where bedrock is close to the surface, high excavation costs may make wet
ponds infeasible. The storage in a dry pond must be located above the seasonally high groundwater table.

» Alllocal, state and federal permit requirements should be established prior to initiating the pond design. De-
pending on the location of the pond, required permits and certifications may include wetland permits, water
quality certifications, dam safety permits, sediment and erosion control plans, waterway permits, local grading
permits, land use approvals, etc. (Schueler, 1992). Since many states and municipalities are still in the process
of developing or modifying stormwater permit requirements, the applicable requirements should be confirmed
with the appropriate regulatory authorities.

» Pond systems can perform well in cold climates because many modification options are available to increase
their effectiveness in frigid and snowy conditions. Many of these modifications address the problems associ-
ated with pipe freezing.

* To be effective in reducing peak runoff rates, the basin must be located where it can intercept most of the
runoff from the site. Usually, this location is found at the lowest elevation of the site.

Maintenance

* Maintenance is required for the proper operation of dry ponds. Plans for dry ponds should identify owners,
parties responsible for maintenance, and an inspection and maintenance schedule for extended storage ponds.

* Once constructed, the dry pond should be inspected after several storm events to confirm drainage system
functions, bank stability, and vegetation growth. The outlet structure should be inspected for evidence of
clogging or outflow release velocities that are greater than design flow. Problems should be addressed immedi-
ately.
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At least twice during the growing season, accumulated trash and debris should be removed from the side
slopes, embankment and emergency spillway. Accumulated sediment in the forebay should also be inspected at
this time.

+ All dry pond outlet devices should be protected from clogging. All devices should have above-ground access
for clean out, should this be necessary.

* Dry ponds should be inspected at least once per year to ensure that they are operating as designed. Potential
problems that should be checked include: subsidence, erosion, cracking or tree growth on the embankment;
damage to the emergency spillway; sediment accumulation around the outlet; inadequacy of the inlet/outlet
channel erosion control measures; changes in the condition of the pilot channel; and erosion within the basin
and banks. Any necessary repairs should be made immediately. During inspections, changes to the dry pond or
the contributing watershed should be noted, as these may affect basin performance.

* Sediment should be removed from the pond as necessary, and at least once every 5 to 25 years (usually sooner
rather than later). The frequency of sediment removal depends on the years of sediment accumulation that
were incorporated into the design of the pond’s forebay.

» Because these types of basins do not have as much sediment storage volume as a typical wet detention basin,
they need to be maintained more regularly, especially if extended detention is incorporated into the dry pond
design. This usually increases the maintenance cost of the project.

* In most cases, no specific limitations have been placed on disposal of sediments removed from dry ponds.
Studies to date indicate that pond sediments are likely to meet toxicity limits and can be safely landfilled. On-
site sediment disposal is always preferable (if local authorities permit it) as long as the sediments are deposited
away from the shoreline to prevent their re-entry into the pond and away from recreation areas where people
could inhale resulting dust.

» Sediments should be tested for toxicants in compliance with current disposal requirements if land uses in the
catchment include commercial or industrial zones, or if visual or olfactory indications of pollution are noticed.
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