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c. Pond Liner and Side Slopes

The sediment forebay and main pool should have a twelve inch (or thicker as required by geotechnical
investigations) impermeable clay liner to prevent excessive seepage which may result in ground water
contamination or in severe pond drawdown. Clay liner specifications can be found in Table 1-6. In
general, earthen side slopes of ponds should not exceed three to one, but the slope to be used should be
designed carefully to ensure that it will be stable when saturated.

Qutlet Structures

The design of the outlet pipe is important to enhance the plug flow characteristics of the pond. This section
provides guidelines in designing the outlet structure. Other designs will be evaluated for their ability to provide
plug flow and maintainability. In most cases, the ponds will be designed with two primary outlet structures and
a maintenance drain. In all cases, energy dissipation is required to prevent erosion at the outfall location.
Figure 1-59E is an example of a typical outlet structure.

a. Extended Detention

The extended detention outlet structure should be constructed using an invensd PVC pipe with the soffit of
the inlet set at an elevation which is two-thirds of the permanent pool depth from the bottom. The flow line
of the outlet of the pipe shall be set at the permanent pool elevation. In all cases, the pond will be designed
so that the minimum pipe diameter is no less than six inches to minimize clogging potential. It is
recommended that this line discharge into the manhole required for the maintenance drain and discussed in
that section.

The flow in the inverted discharge pipe used for extended detention should be calculated using a method
which more accurately accounts for energy losses than the orifice equation. One equation which may be
used is:

Q = A * ((2*g*h)/(1+ke+kb+k())0.5

where Q is flow (cfs), A is the cross-sectional area of the pipe (sf), g is the acceleration due to gravity (32.2
ft/sec?), ke is the entrance loss coefficient (Table 7-1, DCM), kb is bend losses (Table 5-4, DCM), and kf is
the friction loss coefficient. The friction loss coefficient can be found using the equation:

kf = 29*L*n*R"*

where L is the pipe length (ft), n is the Manning’s roughness coefficient (Table 4-2, DCM), and R is the
hydraulic radius (ft).

b. Flood Control Detention

The Drainage Criteria Manual should be referenced for design of the outlet structure to

serve for flood control. This outlet should be designed for the 10, 25, and 1G0-vear storm or as required in
the DCM. When flood control detention is not needed, an overflow spillway cipable of passing the 100-
year storm is required at or above the elevation at which the extended detention volume is provided. To
enhance water quality, a two to one length to width ratio from the inflow to the outflow should be
maintained.

e Maintenance Drain

A drain line, which can completely or partially drain the permanent pool, shall be included where
topographic relief exists. The purpose of the drain is to allow for the pond to be drained for long-term
maintenance activities. A plug valve shall be installed in the line and the valve should be protected by
enclosing it in a manhole set in the pond berm. If the maintenance drain can not completely drain the pond.
a six square foot concrete pump pad must be provided at the lowest point in the main pool which will
provide a base for temporary installation of a submersible pump.
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5. Biological Elements

Biological elements are an important aspect to the function as well as the aesthetics of the wet pond system.
However, these systems may also attract biological activity that is undesirable in an urban setting. The
following criteria should be followed to enhance pollutant removal and minimize undesirable activity.

a. Wetland Plantings

Wetland species plants are used in wet ponds to remove dissolved nutrients and shall be planted on the
vegetated benches as specified below.

Minimum requirements for Wet Pond landscaping:

1.

Minimum wetland plant quantity: Multiply the surface area (in square feet) of the permanent pool
by three percent (.03) to determine the minimum quantity of plants to be installed in the vegetative
bench.

The following chart provides plant category ratios and minimum plant sizes. Additional
information can be found in the plant list in Table 1-9B.

MINIMUM SIZE
PLANT CATEGORY RATIO Containers Bare Root
A. Bulrush: 40% 2 gallon 1 bare root
B. Spikerush: 20% 2.5” liners 1 bare root
C. Marsh diversity: 20% 1gallon 1 bare root
D. Arrowhead: 10% 1gallon 1 bare root
E. Aquatics: 10% 1 gallon 1 bare root

Wetland plants provided in bare-root form shall be equal in root ball size to the listed minimum
container sizes

All wetland plants which fulfill the minimum landscape requirements shall be propagated or
harvested from regionally adapted stock (whenever possible). These are plant species or
genotypes which are native to a range of within 250 miles of the project site.

A minimum of 90% of the vegetation shall be alive and viable for one year following installation.

Notes:

a. Wetland plants must be installed at water depths appropriate to the species. The water depths
noted in Table 1-9B show the range of natural zones in which these plants can be found.
Planting depths are usually shallower due to the small size of the plants at the time of
installation. If using the minimum-sized plant material, plants _.hall be installed at the shallow
water depth listed.

b. Cattails (Typha spp.) tend to invade almost all wetlands and aggu.oswely colonize the shallow
water bench. Therefore cattails shall not be specified on the planting plan.

c. The designer is not limited to the species described. Additional species used for aesthetic
reasons, etc. are encouraged. Plants not intended to meet minimum requirements do not need
to be native or regionally adapted stock.
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TABLE 1-88
Wetland Plant List

Install Bulrush in clumps, with individual plants spaced approximately three to four feet on center:
At least two of the following species shall be used:

-

BULRUSH WATER DEPTH NOTES

¢ Scirpus validus 1.3 8 tall evergreen, resists cattail
Bulrush encroachment

* Scirpus californicus 1.3 8’ tall evergreen, resists cattail
Bulrush encroachment

* Scirpus americanus 2°-6° . 2'1o0 4" tall, w/3 distinct edges

Three-square bulrush

Install Spikerush at or near the water's edge, with individual plants spaced approximately three
to six feet on center. At least two of the following species shall be used:

SPIKERUSH WATER DEPTH NOTES

N -Eleocnans montavidens:s Q-6 1" tall, mzomatous. reduces erosion at the
Spikerush pond edge

* Eleochans macrostachys 0 -6 1" tall, mizomatous, reduces erosion at the
Spikerush pond edge

* Eigocharis quacrangulata 3* .1 2102 5 tall, rhezcmatous can
Spikerush gccommodate geepsr waler, 4-angled

At least two species of the following marsh plants shall be used (additional species are encouraged).
Install in clumps in shallow water, with individual plants spaced at approximatety three fest on center:

MARSH DIVERSITY WATER DEPTH NOTES

1. Cyperus ochraceus 2°-6° 1710 2" tall, clump-forming, common to
Flatsedge central Texas

2. Dichromena colorata 2°-6° 1" 10 2" tall, white bracts during warm

. White-topped Sedge season

3. Echinodorus rostratus 3-r 110 2' tall, annual, heart-shaped leaves.
Burhead flower similar to Arrowhead

4. Eleocharis quadrangulata 6°-1 1" to 2' tall, colonizes, inhabits deeper
Four-square Spikerush water than other Spikerushes

§ 'ns Pseudaccrus -2 3 tc 4 ‘all. can be 'nvasive, cerse JrCwin
Yetlow Flag Ins venCw “Cwers

6. Juncus effusus 6"-1 310 4’ tall, forms a tight clump, evergresn.
Soft Rush very attractive

7. Justicia americana 2°-6° 2' to 3" tall, ccmmon, white flowers,
Water-willow herbaceous, colonizes

8. Marsilea macropoda 2" -6 ooks like floating four-leaf clover. enderic
Water Clover to Texas

9. Najas guadalupensis 1.4 Submergent, valuable to fish and wikdife

Water-Naiad
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10. Pontederia cordata 2°- 1 3" tall, colonizes, cosmopolitan, purple
Pickerelweed flowers

11. Rhynchespora comiculata 2" -6° 2" to 3’ 1all, brass-colored flowers in May
Homed-rush

- -

Install Arrowhead in clumps in shallow water, with inaividual plants spaced approximately three feet
on center.

ARROWHEAD WATER DEPTH NOTES
* Saggrana fatifolia 2"- 1 2' height, wildlite value, white flowers,
Arrowhead ) proven water quality performer

The following category, Aquatics, include submergents and tioating-leaved aquatics. Submergents
are rooted in the sediment of the pond, and are completely submerged in the water. Floating-leaved
aquatic plants are rooted in the sediment of the pond. and have leaves that float on the surface of the
water. These leaves shade the water, which limns potential algae growth. At least two of the following
soecies shall be used and should be placed at rangom ‘ocations throughout the pond:

AQUATICS WATER DEPTH NOTES

1. Cabomba caroliniana 1 -4 Approximately 6' length underwater.
Fanwort submergent

2. Ceratophyllum spp. 1.4 Maximum 8’ length. tolerant of turoxdty anc
Coon-tail water fluctuation. wilkdlife food

3. Nymphaea odorata 6*-2 A native, reliabty haray, floating-leaved
Fanwort aquatic; with white flowers

4. Potomageton pectinatus 8 -3 Colonizes quicidy, valuable to fish and

Sago Pondweed wildiife; floating-leaved aquatic



Microbial Initiation

Microbial processes in the sediment of wet ponds are highly efficient in nutrient removal. Bacterial
processes require a source of organic carbon, which is supplied by aquatic plant litter from seasonal die
off. New ponds lack a sufficient source of organic carbon for bacterial processes and should be
supplemented with an appropriate source of carbon that will sink to the bottom of the pond.

Algae

High nutrient loads in wet ponds may cause algae blooms to occur. Pungcnt odor is often associated
with these algae blooms. However, treating with an algaecide is not recommended because blooms are
usually short lived and are considered desirable for nutrient removal. The use of submergents and
floating-leafed aquatics can reduce the extent of algae blooms by reducing nutrient loads and shading
the water.

Nutria

Wildlife such as nutrias has been reported to destroy the vegetated element of wet ponds in the
Austin area. Evaluation of the potential of such wildlife inhabiting or being attracted to the
proposed pond site is required. When there is a potential for such acdvity, fencing (such as chain
link) should be provided.

Mosquito Control

Mosquitoes are problematic in urban areas. Standing water in wet ponds becomes ideal breeding
localities. The wet pond should be stocked with the fish species Gambusia affinis to serve asa
biological control for mosquitoes. Gambusia is effective control for mosquitoes eliminating the
need for chemical control. Gambusia should be stocked at the initial density of 200 individuals
per surface acre.

Domestic Waterfowl

Domestic waterfowl can destroy vegetation and increase pollutant svading in wet pond systems.

In addition, waterfowl can become nuisances to property owners newr the pond. For these reasons.
domestic waterfowl should not be introduced into these systems.

Carp and Goldfish

Carp and goldfish are bottom-feeders that can cause turbidity and other problems. They should
not be introduced into a wet pond.
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11.

12.

13.

14.

15.

16.
17.

Initial filling

While the pond is in construction, it is intended that stormwater runoff, not potable water, be used to fill up
the pond once the pond liner is in place.

Utility Lines
Utility lines may not be located within the limits of the maximum water surface elevation of a wet pond.
Hazardous Material Traps

Spills of hazardous liquids can severely damage or kill the biota of a wet pond., Therefore, developments
where the transportation, storage, or distribution of hazardous materials is anticipated should include
hazardous material traps in the drainage system immediately upstream of the wet pond inlet.

Aeration and Recirculation Unit (optional)

Privately maintained wet ponds may include some type of aeration device (such as a fountain) which could
enhance the dissolved oxygen concentration. Increased dissolved oxygen prevents the pond from becoming
anaerobic, hence minimizing problems with odor from bacterial decomposition.

Make-up Water Source

A nearby source for make-up water is recommended as a way to raise the level of the permanent pool,
should a severe drought occur. This could include a well, a hose bibb, or a nearby fire hydrant.

Design Alternatives

All alternatives to these design criteria require approval by the Director of the Drainage Utility Department.
When a pond is designed to meet all volume, vegetated bench area, pond depth, length to width ratio, and
outlet structure requirements, the pond will have been designed to achieve an average overflow rate of 0.42
feet per hour which will remove 20 micron and larger particles through dynamic settling. If topographic
constraints, land availability, or other issues require deviating from the criteria, a check to ensure that the
average overflow rate for the wet month mean storm does not exceed 0.42 feet per hour should be
performed. The average overflow rate for the wet month mean storm may be: =stimated with the equation:
Qavg = 581 * Rf * DA , where Rf is the annual nunoff coefficient and DA is tic drainage area.



1.6.10 Technical Notes
E. Sample Calculations for Wet Pond Sizing - Commercial Site

Site Description: Total Site Area (ac) = 80
Drainage Area to Pond (ac) =53
Impervious Cover in Drainage Area (%) = 60
Non-recharge Zone

Pond Volume Determination - One wet pond is proposed to serve the 53 acres which is being developed. From
Table 1-9, Rf is found to be 0.424.

Permanent Pool Volume = 0.162 * 0.424 * 53 = 3.64 ac-ft

Twenty percent of the permanent pool volume will be held in the sediment forebay with the remainder in the
main pool.

Sediment Forebay Volume = 0.2 * 3.64 = 0.73 ac-ft
Main Pool Volume = (1 - 0.2) * 3.64 =2.91 ac-ft

For planning purposes, an estimate of the minimum surface area required can be calculated by multiplying the
percent of pond area which is to be dedicated to a function by an estimate of the depth of that function. The
surface area of the wet pond can be estimated by assuming that 30% of the surface area is to be vegetated
benches with an average depth of 0.75°. The 20% of the remaining 70% will be in the sediment forebay, which
will have an average depth of 5°, and 80% will be in the main pool with an average depth of 7°. This is then
divided by the required volume.

Area Estimate = 3.64 ac-ft/ [(0.3*0.75") + ((0.2*0.7)*5") + ((0.8*0.7)*7")] =0.75 ac

It should be noted that in most cases (depending upon topographical constraints 2nd soil conditions), the area
required for detention will exceed the area needed for the wet pond. Due to the inf equency of the inundation of
the additional area needed for detention, this area may be utilized for recreation or similar uses.

Making general assumptions on the soil conditions (existing:

Class D, wooded area, fair condition; proposed: 60% impervious cover, woods-grass mix, good condition) and
times of concentration (existing: 30 minutes; proposed: 15 minutes) for the site, the volumes needed for
extended detention and 100-year detention can be determined with HEC-1 or other accepted computer
hydrology models. An estimate of the volumes which would be required is:

Extended Detention = 3.2 ac-ft
Flood Control Detention = 9.0 ac-ft

These volumes are in addition to the volume required for the permanent pool. Therefore, the total pond volume
required would be 12.64 ac-ft. A comparison to the volume required for sedimentation/filtration shows that the
total volume required for a wet pond would be slightly less (3.64 ac-ft versus 4.0 ac-ft for water quality) and the
detention volume would be the same. However, the area needed for a wet pond may be substantially smaller
due to the stacking of the detention over the water quality volume.
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Watershed Management: Challenges and Innovations

is this year's Conference theme. In spite of successful efforts
to reduce and prevent degradation, significant water quality
challenges still remain. Changing demands require new
outlooks to develop relationships and approaches that ad-
dress problems on a watershed basis. As stakeholders, agri-
culture, rural and urban interests must participate together in the
analysis of problems and the creation of viable solutions.
Representing these and other viewpoints, the Conference gives
everyone concerned about non point source pollution and water
quality an opportunity to learn from more than 30 speakers about
potential solutions to the challenges facing us today in watershed
management.

On Nednesday, Tom Schueler, Center for Watershed Protec-
tion, will make the keynote address. Other presenters in-
clude representatives from the Barton Springs / Edwards
Aquifer Conservation District, EPA Region VI, Iispey, Huston
& Associates, the Texas State Soil and Water Conservation
Board and the Texas Natural Resource Conservation Com-
mission.

Two separate tracks on Thursday enable conference par-
ticipants to learn more about current watershed protection
efforts and innovative methods to protect water quality.

J. David Bamberger, a Texas rancher and conservationist, is
our featured luncheon speaker and will talk about his efforts
associated with “Selah, the Bamberger Ranch” located in the
Texas Hill Country near Johnson City.

Friday’s activities include an optional field trip. Partici-
pants will visit successful stormwater mitigation facilities,
Best Management Practices (BMPs) and innovative site
developments built to reduce impacts to the areas rivers,
creeks and aquifers.

R TR 1l
g

Conference Topics

- Watershed Approaches for Small Citics

- Urban NPS, Impact Assessments and Biological Indicators

- Temporary Erosion Control Effectiveness: An Evaluation

- Salt Contamination and Leaking Oil Wells: Delineation Techniques

- Roadway Runoff Best Management Practices

- Retrofit Best Management Practices for Urbanized Watersheds

- Partnership and Stakeholder Development to Prevent NPS Pollution
- Open Space Planning: Water Quality, Flooding and Habitat Protection
- Nationwide Trends in Watershed Management

- Microwatershed Approaches to Limit NPS Pollution

- Local, Statc and Federal Roles: An Evolving Watershed Perspective
- Leon River: An Agricultural NPS Demonstration Project

- Internet, Information Technologies and Water Resources

- Highway Construction and Operation Water Quality Impacts

- GIS and Remote Sensing: Implications for Watershed Management
- Conservation Easements, Land Trusts and Water Quality Protection
- Alternative Wastewater Management

- Agricultural Impact Assessments: Subwatershed Considerations

Registration

The Conference costs $150, or $180 for the Conference and
field trip (after July 17, costs are $170 or $200 for the Confer-
ence and field trip). Costs include food and beverages. Par-
ticipation is limited to 200 registrants. The Omni Hotel,
located at 700 San Jacinto in downtown Austin, is the Confer-
ence Hotel. Rooms are available at the Omni until July 10 at
the Conference rate of $105 (single, double, or triple). Call 1-
800-THE OMNI or the hotel directly at (512) 476-3700; be
sure to identify your participation in the NPS Conference.
Rooms are also available at the La Quinta Inn, located at 300
E. 11th Street, until July 10 at the Conference rates of $59
(single) and $65 (double, triple, etc.). Call La Quinta at 1-800-
531-5900 or (512) 476-1166 to make your reservations and
mention either the NPS Conference or Block #17350 to obtain
the Conference rate. Both hotels are convenient to Robert
Mueller Airport, Austin’s entertainment district and the State

Capital.




