Chapter 6: Performance Criteria

This chapter outlines performance criteria for five groups of structural stormwater management practices
(SMPs) to meet water quality treatment goals. These include ponds, wetlands, infiltration practices,
filtering systems and open channels. Each set of SMP performance criteria, in turn, is based on six

performance goals:

Feasibility

Identify site considerations that may restrict the use of a practice.

Conveyance
Convey runoff to the practice in a manner that is safe, minimizes erosion and disruption to natural

channels, and promotes filtering and infiltration.

Pretreatment
Trap coarse elements before they enter the facility, thus reducing the maintenance burden and ensuring a

long-lived practice.

Treatment Geometry
Provide water quality treatment, through design elements that provide the maximum pollutant removal as

water flows through the practice.

Environmental/Landscaping
Reduce secondary environmental impacts of facilities through features that minimize disturbance of
natural stream systems and comply with environmental regulations. Provide landscaping that enhances

the pollutant removal and aesthetic value of the practice.
Maintenance

Maintain the long-term performance of the practice through regular maintenance activities, and through

design elements that ease the maintenance burden.
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Cold climate regions of New York State may present special design considerations. Each section includes
a summary of possible design modifications that address the primary concerns associated with the use of
that SMP in cold climates. A more detailed discussion of cold climate modifications can be found in the
publication Stormwater BMP Design Supplement for Cold Climates (Caraco & Claytor, 1997). In

addition, Appendix | of this manual provides some sizing examples that incorporate cold climate design.

IMPORTANT NOTES:

ANY PRACTICE THAT CREATES A DAM IS REQUIRED TO FOLLOW THE GUIDANCE
PRESENTED IN THE GUIDELINES FOR DESIGN OF DAMS (APPENDIX A) AND MAY
REQUIRE A PERMIT FROM THE NYSDEC. FOR THE MOST RECENT COPY OF THIS
DOCUMENT, CONTACT THE NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL
CONSERVATION, DAM SAFETY SECTION. AN EVALUATION OF HAZARD
CLASSIFICATION MUST BE INCLUDED IN THE DESIGN REPORT FOR STORMWATER
PONDS OR WETLANDS CREATED BY A DAM.

THIS CHAPTER FOLLOWING TEXT PRESENTS CRITERIA IN TWO PARTS. DESIGN
GUIDELINES ARE FEATURES THAT ENHANCE PRACTICE PERFORMANCE, BUT MAY
NOT BE NECESSARY FOR ALL APPLICATIONS. REQUIRED ELEMENTS ARE
FEATURES THAT SHOULD BE USED IN ALL APPLICATIONS. A FACT SHEET AT THE
BACK OF EACH SECTION HIGHLIGHTS THE REQUIRED ELEMENTS.

APPENDICES F AND G PROVIDE EXAMPLE CHECKLISTS FOR THE CONSTRUCTION
AND OPERATION&MAINTENANCE OF EACH OF THE PRACTICE TYPES.
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Section 6.1 Stormwater Ponds

Chapter 6: Ponds

Stormwater ponds are practices that have either a permanent pool of water, or a combination of a

permanent pool and extended detention, and some elements of a shallow marsh equivalent to the entire

WQ,. Five design variants include:

e P-1 Micropool Extended Detention Pond
o P2 Wet Pond

e P-3 Wet Extended Detention Pond

e P4 Multiple Pond System

e P5 Pocket Pond

Treatment Suitability:

(Figure 6.1)
(Figure 6.2)
(Figure 6.3)
(Figure 6.4)
(Figure 6.5)

Dry extended detention ponds without a permanent pool are not considered an acceptable option for

meeting water quality treatment goals. Each of the five stormwater pond designs can be used to provide

channel protection volume as well as overbank and extreme flood attenuation. The term "pocket" refers

to a pond or wetland that has such a small contributing drainage area that little or no baseflow is available

to sustain water elevations during dry weather. Instead, water elevations are heavily influenced, and in

some cases maintained, by a locally high water table.

IMPORTANT NOTES:

WHILE THE STORMWATER PONDS DESIGNED ACCORDING TO THIS GUIDANCE MAY
ACT AS A COMMUNITY AMMENITY, AND MAY PROVIDE SOME HABITAT VALUE,
THEY CANNOT BE ANTICIPATED TO FUNCTION AS NATURAL LAKES OR PONDS.
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Figure 6.1 Micropool Extended Detention Pond (P-1)
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Figure 6.2 Wet Pond (P-2)

®)

POND BUFFER t
(25 FEET MINIMUM) 25
pau

\ EMERGENCY

OVERFLOW SPILLWAY

SPILLWAY

<05
I\

x5

N
HARDENED  £%iF A
PAD %5” FOREBAY S

Y

j“'b,"

IRREGULAR POOL SHAPE
6to 8 FEET DEEP

RISER/

/ v T BARREL
g . ¢ <O e %/ RISER IN
"“\"é‘ggs'fs"‘gggg N\ % 2 % _______________________________ - . EMBANKMENT
% % \AQUATIC BENCH_/,——‘%
TR SAFETY BENCH
NATIVE LANDSCAPING AROUND POOL
EMBANKMENT
RISER—\ —\
z EXTREME FLOOD CONTROL . EMERGENCY
= SPILLWAY

\/ OVERBANK FLOOD CONTROL

\/_CHANNEL PROTECTION

OVERFLOW

SPILLWAY - SAFETY

AQUATIC BENCH
BENCH
WATER QUALITY \/

WETPOOL =

STABLE

=M
POND DRAIN
REVERSE PIPE

BARREL: /
ANTI-SEEP COLLAR or

FILTER DIAPHRAGM

PROFILE

6-5



New York State Stormwater Management Design Manual Chapter 6: Ponds

Figure 6.3 Wet Extended Detention Pond (P-3)
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Figure 6.4 Multiple Pond System (P-4)
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Figure 6.5 Pocket Pond (P-5)
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6.1.1 Feasibility

Required Elements

e Stormwater ponds shall not be located within jurisdictional waters, including wetlands.

e Evaluate the site to determine the Hazard Class, and to determine what design elements are required
to ensure dam safety (see Guidelines for Design of Dams). For the most recent copy of this document,
contact the New York State Department of Environmental Conservation, Dam Safety Division, at:
518-402-8151.

e Auvoid direction of hotspot runoff to design P-5.

e Provide a 2’ minimum separation between the pond bottom and groundwater in sole source aquifer

recharge areas.

Design Guidance

o Designs P-2, P-3, and P-4 should have a minimum contributing drainage area of 25 acres. A 10-acre
drainage is suggested for design P-1.

e The use of stormwater ponds (with the exception of design P-1, Micropool Extended Detention Pond)
on trout waters is strongly discouraged, as available evidence suggests that these practices can
increase stream temperatures.

e Avoid location of pond designs within the stream channel, to prevent habitat degradation caused by
these structures.

e A maximum drainage area of five acres is suggested for design P-5.

6.1.2 Conveyance

Inlet Protection

Required Elements

e A forebay shall be provided at each pond inflow point, unless an inflow point provides less than 10%

of the total design storm flow to the pond.

Design Guidance

e Inlet areas should be stabilized to ensure that non-erosive conditions exist for at least the 2-year

frequency storm event.
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e Except in cold regions of the State, the ideal inlet configuration is a partially submerged (i.e., ¥ full)

pipe.

Adequate Outfall Protection

Required Elements

e The channel immediately below a pond outfall shall be modified to prevent erosion and conform to
natural dimensions in the shortest possible distance, typically by use of appropriately-sized riprap
placed over filter cloth. Typical examples include submerged earthen berms, concrete weirs, and
gabion baskets.

e Astilling basin or outlet protection shall be used to reduce flow velocities from the principal spillway
to non-erosive velocities (3.5 to 5.0 fps). (See Appendix L for a table of erosive velocities for grass

and soil).

Design Guidance

e OQutfalls should be constructed such that they do not increase erosion or have undue influence on the
downstream geomorphology of the stream.

o Flared pipe sections that discharge at or near the stream invert or into a step-pool arrangement should
be used at the spillway outlet.

o If a pond daylights to a channel with dry weather flow, care should be taken to minimize tree clearing
along the downstream channel, and to reestablish a forested riparian zone in the shortest possible

distance. Excessive use of riprap should be avoided to reduce stream warming.

Pond Liners

Design Guidance

e When a pond is located in gravelly sands or fractured bedrock, a liner may be needed to sustain a
permanent pool of water. If geotechnical tests confirm the need for a liner, acceptable options
include: (a) six to 12 inches of clay soil (minimum 50% passing the #200 sieve and a maximum
permeability of 1 x 10®° cm/sec), (b) a 30 mm poly-liner (c) bentonite, (d) use of chemical additives
(see NRCS Agricultural Handbook No. 386, dated 1961, or Engineering Field Manual) or (e) a design

prepared by a Professional Engineer registered in the State of New York.
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6.1.3 Pretreatment

Required Elements

Chapter 6: Ponds

A sediment forebay is important for maintenance and longevity of a stormwater treatment pond. Each

pond shall have a sediment forebay or equivalent upstream pretreatment. The forebay shall consist of

a separate cell, formed by an acceptable barrier. Typical examples include earthen berms, concrete

weirs, and gabion baskets.

The forebay shall be sized to contain 10% of the water quality volume (WQ,), and shall be four to six

feet deep. The forebay storage volume counts toward the total WQ, requirement.

The forebay shall be designed with non-erosive outlet conditions, given design exit velocities.

Direct access for appropriate maintenance equipment shall be provided to the forebay.

In sole source aquifers, 100% of the WQ, for stormwater runoff from designated hotspots shall be

provided in pretreatment.

Design Guidance

A fixed vertical sediment depth marker should be installed in the forebay to measure sediment

deposition over time.

The bottom of the forebay may be hardened to ease sediment removal

6.1.4 Treatment

Minimum Water Quality Volume (WQ,)

Required Elements

Provide water quality treatment storage to capture the computed WQ, from the contributing drainage

area through a combination of permanent pool, extended detention (WQ,-ED) and marsh. The

division of storage into permanent pool and extended detention is outlined in Table 6.1.

Table 6.1 Water Quality Volume Distribution in Pond Designs
. L %WQ,
Design Variation Permanent Pool Extended Detention

P-1 20% min. 80% max.
P-2 100% 0%

P-3 50% min. 50% max.
P-4 50% min. 50% max.
P-5 50% min. 50% max.
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e Although both CP, and WQ,-ED storage can be provided in the same practice, WQ, cannot be met by

simply providing Cp, storage for the one-year storm.

Design Guidance

e It is generally desirable to provide water quality treatment off-line when topography, hydraulic head
and space permit (i.e., apart from stormwater quantity storage; see Appendix K for a schematic).

e Water quality storage can be provided in multiple cells. Performance is enhanced when multiple
treatment pathways are provided by using multiple cells, longer flowpaths, high surface area to
volume ratios, complex microtopography, and/or redundant treatment methods (combinations of pool,

ED, and marsh).

Minimum Pond Geometry

Required Elements
e The minimum length to width ratio for the pond is 1.5:1 (i.e., length relative to width).

e Provide a minimum Surface Area:Drainage Area of 1:100.

Design Guidance

e To the greatest extent possible, maintain a long flow path through the system, and design ponds with

irregular shapes.

6.1.5 Landscaping

Pond Benches

Required Elements

e The perimeter of all deep pool areas (four feet or greater in depth) shall be surrounded by two
benches:

- Except when pond side slopes are 4:1 (h:v) or flatter, provide a safety bench that generally
extends 15 feet outward (10’ to 12’ allowable on sites with extreme space limitations) from the
normal water edge to the toe of the pond side slope. The maximum slope of the safety bench shall
be 6%; and
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- Incorporate an aquatic bench that generally extends up to 15 feet inward from the normal
shoreline, has an irregular configuration, and a maximum depth of 18 inches below
the normal pool water surface elevation.

Landscaping Plan

Required Elements

e A landscaping plan for a stormwater pond and its buffer shall be prepared to indicate how aquatic and

terrestrial areas will be vegetatively stabilized and established.

Design Guidance

e Wherever possible, wetland plants should be encouraged in a pond design, either along the aquatic
bench (fringe wetlands), the safety bench and side slopes (ED wetlands) or within shallow areas of
the pool itself.

e The best elevations for establishing wetland plants, either through transplantation or volunteer
colonization, are within six inches (plus or minus) of the normal pool.

e The soils of a pond buffer are often severely compacted during the construction process to ensure
stability. The density of these compacted soils is so great that it effectively prevents root penetration,
and therefore, may lead to premature mortality or loss of vigor. Consequently, it is advisable to
excavate large and deep holes around the proposed planting sites, and backfill these with
uncompacted topsoil.

- As a rule of thumb, planting holes should be three times deeper and wider than the diameter of
the rootball (of balled and burlap stock), and five times deeper and wider for container grown
stock. This practice should enable the stock to develop unconfined root systems. Avoid species
that require full shade, are susceptible to winterkill, or are prone to wind damage. Extra mulching
around the base of the tree or shrub is strongly recommended as a means of conserving moisture

and suppressing weeds.
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Pond Buffers and Setbacks

Required Elements

e A pond buffer shall be provided that extends 25 feet outward from the maximum water surface
elevation of the pond. The pond buffer shall be contiguous with other buffer areas that are required
by existing regulations (e.g., stream buffers). An additional setback may be provided to permanent
structures.

e Woody vegetation may not be planted or allowed to grow within 15 feet of the toe of the embankment

and 25 feet from the principal spillway structure.

Design Guidance

e Existing trees should be preserved in the buffer area during construction. It is desirable to locate
forest conservation areas adjacent to ponds. To help discourage resident geese populations, the buffer
can be planted with trees, shrubs and native ground covers.

e Annual mowing of the pond buffer is only required along maintenance rights-of-way and the
embankment. The remaining buffer can be managed as a meadow (mowing every other year) or

forest.

6.1.6 Maintenance

Required Elements

e Maintenance responsibility for a pond and its buffer shall be vested with a responsible authority by
means of a legally binding and enforceable maintenance agreement that is executed as a condition of
plan approval.

e The principal spillway shall be equipped with a removable trash rack, and generally accessible from
dry land.

e Sediment removal in the forebay shall occur every five to six years or after 50% of total forebay

capacity has been lost.

Design Guidance

e Sediments excavated from stormwater ponds that do not receive runoff from designated hotspots are
generally not considered toxic or hazardous material, and can be safely disposed by either land
application or land filling. Sediment testing may be required prior to sediment disposal when a

hotspot land use is present (see Section 4.8 for a list of potential hotspots).
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e Sediment removed from stormwater ponds should be disposed of according to an approved

comprehensive operation and maintenance plan.

Maintenance Access

Required Elements

e A maintenance right of way or easement shall extend to the pond from a public or private road.

Design Guidance

e Maintenance access should be at least 12 feet wide, have a maximum slope of no more than 15%, and
be appropriately stabilized to withstand maintenance equipment and vehicles.
e The maintenance access should extend to the forebay, safety bench, riser, and outlet and be designed

to allow vehicles to turn around.

Non-clogging Low Flow Orifice

Required Elements

e A low flow orifice shall be provided, with the size for the orifice sufficient to ensure that no clogging
shall occur. (See Appendix K for details of a low flow orifice and trash rack options).

Design Guidance

e The low flow orifice should be adequately protected from clogging by either an acceptable external
trash rack (recommended minimum orifice of 3") or by internal orifice protection that may allow for
smaller diameters (recommended minimum orifice of 1").

e The preferred method is a submerged reverse-slope pipe that extends downward from the riser to an
inflow point one foot below the normal pool elevation.

e Alternative methods are to employ a broad crested rectangular, V-notch, or proportional weir,
protected by a half-round CMP that extends at least 12 inches below the normal pool.

The use of horizontally extended perforated pipe protected by geotextile fabric and gravel is not

recommended. Vertical pipes may be used as an alternative if a permanent pool is present.
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Riser in Embankment

Required Elements

e The riser shall be located within the embankment for maintenance access, safety and aesthetics.

Design Guidance

e Access to the riser should be provided by lockable manhole covers, and manhole steps within easy
reach of valves and other controls. The principal spillway opening should be "fenced" with pipe or
rebar at 8-inch intervals (for safety purposes).

Pond Drain

Required Elements

e Except where local slopes prohibit this design, each pond shall have a drain pipe that can completely
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e To prevent vandalism, the handwheel should be chained to a ringbolt, manhole step or other fixed

object.

Safety Features

Required Elements

e Side slopes to the pond shall not exceed 3:1 (h:v), and shall terminate at a safety bench.
e The principal spillway opening shall not permit access by small children, and endwalls above pipe

outfalls greater than 48 inches in diameter shall be fenced to prevent a hazard.

Design Guidance

e Both the safety bench and the aquatic bench may be landscaped to prevent access to the pool.
e Warning signs prohibiting swimming and skating may be posted.
e Pond fencing is generally not encouraged, but may be required by some municipalities. A preferred

method is to manage the contours of the pond to eliminate dropoffs or other safety hazards.
6.1.7 Cold Climate Pond Design Considerations

Inlets, outlet structures and outfall protection for pond systems require modifications to function well in
cold climates. Among the problems those wishing to use stormwater ponds in cold climates may
encounter are:

e Higher runoff volumes and increased pollutant loads during the spring melt
e Pipe freezing and clogging

e Ice formation on the permanent pool

e Road sand build-up

Higher runoff volumes and increased pollutant loads during the spring melt

e Operate the pond based on seasonal inputs by adjusting dual water quality outlets to provide
additional storage (see Figure 6.6).

e Adapt sizing based on snowmelt characteristics (see Appendix I).

e Do not drain ponds during the spring season. Due to temperature stratification and high chloride
concentrations at the bottom, the water may become highly acidic and anoxic and may cause negative

downstream effects.
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Pipe Freezing and Clogging

e Inlet pipes should not be submerged, since this can result in freezing and upstream damage or
flooding.

e Bury all pipes below the frost line to prevent frost heave and pipe freezing. Bury pipes at the point
furthest from the pond deeper than the frost line to minimize the length of pipe exposed.

e Increase the slope of inlet pipes to a minimum of 1% to prevent standing water in the pipe, reducing
the potential for ice formation. This design may be difficult to achieve at sites with flat local slopes.

e If perforated riser pipes are used, the minimum orifice diameter should be %2". In addition, the pipe
should have a minimum 6" diameter.

e When a standard weir is used, the minimum slot width should be 3", especially when the slot is tall.

o Baffle weirs can prevent ice formation near the outlet by preventing surface ice from blocking the
inlet, encouraging the movement of baseflow through the system (see Appendix K).

e In cold climates, riser hoods and reverse slope pipes should draw from at least 6" below the typical
ice layer. This design encourages circulation in the pond, preventing stratification and formation of
ice at the outlet.

e Trash racks should be installed at a shallow angle to prevent ice formation (see Appendix K).

Figure 6.6 Seasonal Operation Pond
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Ice Formation on the Permanent Pool

e In cold climates, the treatment volume of a pond system should be adjusted to account for ice build-
up on the permanent pool by providing one foot of elevation above the WQ,. The total depth of the
pond, including this additional elevation, should not exceed eight feet.

e Using pumps or bubbling systems can reduce ice build-up and prevent the formation of an anaerobic
zone in pond bottoms.

e Provide some storage as extended detention. This recommendation is made for very cold climates to
provide detention while the permanent pond is iced over. In effect, it discourages the use of wet
ponds (P-2), replacing them with wet extended detention ponds (P-3).

e Multiple pond systems are recommended regardless of climate because they provide redundant
treatment options. In cold climates, a berm or simple weir should be used instead of pipes to separate

multiple ponds, due to their higher freezing potential.

Road Sand Build-up

e In areas where road sand is used, an inspection of the forebay and pond should be scheduled after the

spring melt to determine if dredging is necessary. For forebays, dredging is needed if one half of the

capacity of the forebay is full.
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Stormwater Ponds
Description:

Chapter 6: Ponds

Constructed stormwater retention basin that has a
permanent pool (or micropool). Runoff from each rain
event is detained and treated in the pool through settling
and biological uptake mechanisms.

Design Options:

Micropool Extended Detention (P-1), Wet Pond (P-2),
Wet Extended Detention (P-3), Multiple Pond (P-4),
Pocket Pond (P-5)

KEY CONSIDERATIONS

FEASIBILITY

e Contributing drainage area greater than 10 acres for P-1, 25 acres for P-2
to P-4.

e Follow DEC Guidelines for Design of Dams.

e Provide a minimum 2’ separation from the groundwater in sole source
aquifers.

e Do not locate ponds in jurisdictional wetlands.

e Avoid directing hotspot runoff to design P-5.

CONVEYANCE

o Forebay at each inlet, unless the inlet contributes less than 10% of the total
inflow, 4’ to 6’ deep.

e Stabilize the channel below the pond to prevent erosion.

o Stilling basin at the outlet to reduce velocities.

PREATREATMENT
e Forebay volume at least 10% of the WQ,

e Forebay shall be designed with non-erosive outlet conditions.
e Provide direct access to the forebay for maintenance equipment

¢ In sole source aquifers, provide 100% pretreatment for hotspot runoff.

TREATMENT

e Provide the water quality volume in a combination of permanent pool and
extended detention (Table 6.1 in manual provides limitations on storage
breakdown)

e  Minimum length to width ratio of 1.5:1

e Minimum surface area to drainage area ratio of 1:100

LANDSCAPING

e Provide a minimum 10’ and preferably 15’ safety bench extending from the
high water mark, with a maximum slope of 6%.

e Provide an aquatic bench extending 15 feet outward from the shoreline,
and a maximum depth of 18" below normal water elevation.

e Develop a landscaping plan.

e Provide a 25’pond buffer.

o No woody vegetation within 15 feet of the toe of the embankment, or 25
feet from the principal spillway.
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Chapter 6: Ponds

MAINTENANCE REQUIREMENTS

Legally binding maintenance agreement

Sediment removal from forebay every five to six years or when 50% full.
Provide a maintenance easement and right-of-way.

Removable trash rack on the principal spillway.

Non-clogging low flow orifice

Riser in the embankment.

Pond drain required, capable of drawing down the pond in 24 hours.
Notification required for pond drainage.

Provide an adjustable gate valve on both the WQ,-ED pipe, and the pond
drain.

Side Slopes less than 3:1, and terminate at a safety bench.

Principal spillway shall not permit access by small children, and endwalls
above pipes greater than 48” in diameter shall be fenced.

POLLUTANT REMOVAL

Phosphorus
Nitrogen
Metals - Cadmium, Copper,

Lead, and Zinc removal

Pathogens Coliform, E.Coli,

Streptococci removal
Key: G=Good F=Fair P=Poor
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Section 6.2 Stormwater Wetlands

Stormwater wetlands are practices that create shallow marsh areas to treat urban stormwater and often

incorporate small permanent pools and/or extended detention storage to achieve the full WQv. Design

variants include:

Wetland designs W-1 through W-4 can be used to provide Channel Protection volume as well as
Overbank and Extreme Flood attenuation. In these design variations, the permanent pool is stored in a

depression excavated into the ground surface. Wetland plants are planted at the wetland bottom,

wW-1 Shallow Wetland (Figure 6.7)
W-2 ED Shallow Wetland (Figure 6.8)
W-3 Pond/Wetland System (Figure 6.9)
W-4 Pocket Wetland (Figure 6.10)

particularly in the shallow regions.

IMPORTANT NOTES

ALL OF THE POND CRITERIA PRESENTED IN PERFORMANCE CRITERIA — PONDS
(CHAPTER 6.1) ALSO APPLY TO THE DESIGN OF STORMWATER WETLANDS.
ADDITIONAL CRITERIA THAT GOVERN THE GEOMETRY AND ESTABLISHMENT OF
CREATED WETLANDS ARE PRESENTED IN THIS SECTION.

ANY PRACTICE THAT CREATES A DAM IS REQUIRED TO FOLLOW THE GUIDANCE
PRESENTED IN THE GUIDELINES FOR DESIGN OF DAMS (APPENDIX A) AND MAY
REQUIRE A PERMIT FROM THE NYSDEC. FOR THE MOST RECENT COPY OF THIS
DOCUMENT, CONTACT THE NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL
CONSERVATION, DAM SAFETY SECTION. AN EVALUATION OF HAZARD
CLASSIFICATION MUST BE INCLUDED IN THE DESIGN REPORT FOR STORMWATER
WETLANDS CREATED BY A DAM.

WHILE THE STORMWATER WETLANDS DESIGNED ACCORDING TO THIS GUIDANCE
MAY ACT AS A COMMUNITY AMMENITY, AND MAY PROVIDE SOME HABITAT
VALUE, THEY CANNOT BE ANTICIPATED TO FUNCTION AS NATURAL WETLANDS
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