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Bioretention

Description

Bioretention facilities, sometimes called rain gardens or
bioretention filters, are vegetated basins or landscaped areas
that capture stormwater runoff and provide filtration and
treatment using engineered filter media. Bioretention areas
are adaptable to the needs of most site locations.

Design Considerations

« Facilities consist of a grass filter, a sand bed, stormwater
ponding area, an organic/mulch layer, planting soil, and
selected landscaping for vegetation.

+ The facility works on any soil group.

+ Can be designed with an underdrain to send treated water
into an outlet.

+ Use native plants as recommended.
« Can be designed in-line or off-line.

* Requires a footprint of 5-7% of the tributary impervious
area.

Key Advantages
« They are highly effective at removing pollutants and
reducing peak flow storm events for small storms.

+ Bioretention areas work well in areas with a small drainage
area (recommended for between 2 and 5 acres).

+ Bioretention facilities can handle large amounts of
impervious areas.

+ Bioretention areas have relatively low maintenance
requirements.

+ Due to their incorporation of landscaping, bioretention
facilities can be used as an aesthetic feature.

Limitations
+ Landscaping of bioretention facilities in public areas must
be maintained to prevent overgrowth.

+ Bioretention areas require retaining walls with steep
slopes, effectively rendering them into planter boxes.

+ Bioretention areas are not designed to manage peak flows
from large storm events.

Bioretention Facility in San Antonio, TX. (Source: Tetra Tech)

Removal Rate
Target Constituent [T} » 100%

Total Suspended Solids
Total Phosphorus
Total Nitrogen

Fecal Coliform

Heavy Metals

insufficient data

Implementation Considerations

WMEDIUA, MEDIUA
£ £1% AN
Land Requirement Capital Cost Maintenance Burden
Suitability

The iSWM manual has designated bioretention facilities
as suitable for providing:

Water Quality Streambank On-site Flood
Protection Protection® Control®
*in certain situations
Maintenance

Trash, leaf, debris and sediment removal.
Weeding/removing unwanted vegetation.

Replacing dead and dying vegetation.

Raking and replacing the top mulch layer.

Irrigating plants after planting and during the dry season.
Replacing soil media on an as-needed basis.

Cleaning inlet and outlet pipes when required.

Repairing eroded locations.

For a similar design, see the Summary Page for Planter Boxes
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Downspout Drywell

Description

Downspout drywells are essentially perforated manholes
that can be manufactured in a variety of sizes. This BMP is
used underground and allows for infiltration even in heavily
urbanized areas.

e

DeSign Considerations Downspout DryV\./eII in Traverse City, MI. (Source: Tetra Tech)

+ Downspout drywells should be utilized in conjunction
Removal Rate
Target Constituent [T} > 100%

with pretreatment devices.

+ Since infiltration is a key component of the wells, they Total Suspended Solids
should be used in areas with minimal risk of groundwater Total Phosphorus
contamination. Total Nitrogen

Fecal Coliform
Heavy Metals

« Downspout drywells are intended to be used in
applications with space limitations.

+ Should not be used in areas with high sediment loads to Implementation Considerations

minimize clogging.

MEDIUA

+ Pervious soils (over o.5 inches per hour) are required for s S

the infiltration process. ~l& ~l& . A
Key Advantages Land Requirement Capital Cost Maintenance Burden
+ Pollutant removal can be obtained through filtration into

adjacent soils. Suitability

The iISWM manual has designated downspout drywells

+ Peak flow rates are decreased through the use of a ‘ o
as suitable for providing:

downspout drywell.

+ Easily adaptable to the space restrictions and treatment
requirements.

Limitations Water Quality
g .. g Protection
« Since downspout drywells utilize injection via a subsurface
structure, special permits may be required.
+ Downspout drywells should not be used in areas near Maintenance
drinking water wells, high groundwater tables, or areas + Clean out sediment and debris from the drywell and any
with industrial usage. pretreatment devices.
+ Maintenance may require access limitations and therefore + Perform pest control if rodents, mosquitos, or other
OSHA permits. vectors are found.

« Ensure that waterlogged soils do not exist in the vicinity of
the downspout drywell.

+ Clear pipes when clogging occurs.
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Dry Detention
Pond

Description

Dry detention ponds are surface storage facilities that
provide detention of stormwater runoff to reduce
downstream water quality impacts. They temporarily detain
stormwater and gradually release it following storm events.
In between storm events, the facilities are typically dry.

Design Considerations

+ Dry detention ponds are designed for the maximum
reduction of peak flows and runoff reduction for larger
storm events.

+ There are no restrictions for drainage area size.
+ Soil groups ‘A’ and ‘B’ may require a pond liner.

+ Often used as part of a treatment train to meet water
quality requirements.

Key Advantages

+ Since less excavation is required, dry detention ponds are
typically less costly than wet ponds for equivalent flood
storage.

+ Dry detention ponds are often used in conjunction with
water quality structural control.

+ In between storm events, there are opportunities for the
facility to be used for recreational activities.

Limitations
+ Extended detention may provide limited water quality
treatment and streambank protection.

+ The area required for dry detention ponds is greater than
the area required for other best management practices.

Dry Detention Facility in San Antonio, TX. (Source: Halff)

Removal Rate
Target Constituent T} » 100%

Total Suspended Solids
Total Phosphorus
Total Nitrogen

Fecal Coliform

Heavy Metals

insufficient data

Implementation Considerations

MEDIUM, WMEDIUA,
£1% AN £#]0
Land Requirement Capital Cost Maintenance Burden

Suitability

The iISWM manual has designated dry detention ponds
as suitable for providing:

gQ /N
\\//I ’|_|: =

Water Quality Streambank On-site Flood Downstream
Protection Protection Control Flood Control
Maintenance

Trash, leaf, debris and sediment removal.

Provide removal of vegetation and weeds when
overgrowth occurs.

Plant seed or sod in bare or dead spots.
Mow planted vegetation.

Clean inlets.
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Enhanced Swales

Description
Enhanced swales are vegetated, open channels. They are

designed to capture and treat stormwater runoff within dry or
wet cells formed by check dams or other flow control devices.

Enhanced swales can be wet or dry and are sometimes also
called vegetated open channels or water quality swales.

Design Considerations

Dry swales allow the entire water quality volume to be
filtered or infiltrated and are often preferred in community
settings.

Wet swales are designed to retain water and act as a linear
shallow wetland system.

Enhanced swales require relatively low slopes, typically
below 4%, to prevent scour.

Side slopes need to be relatively shallow, typically 2:1 or
flatter (recommended at 4:1).

The bottom width of the facilities can vary but is typically
between 2 and 8 feet.

The conveyance storm event must be met, including the
required minimum freeboard.

Pretreatment is recommended and typically required.

Key Advantages

« Enhanced swales combine stormwater treatment with
runoff conveyance.

Enhanced swales are less expensive and more aesthetically
pleasing than curb and gutter systems.

Runoff velocity is reduced by enhanced swales.

Limitations

Enhanced swales have higher maintenance requirements
than curb and gutter systems.

Enhanced swales are not appropriate for steep slopes
(longitudinal slope must be less than 4%).

Enhanced swales may cause a resuspension of sediment.

Due to the wet nature of the swale, there is a potential
for mosquitos or other vectors, as well as for odor, if not
properly maintained.

Residential areas may not like the 4"—6" grass height.

Enhanced Swale in San Diego, CA. (Source: Tetra Tech)

Removal Rate
Target Constituent [T} » 100%

Total Suspended Solids
Total Phosphorus
Total Nitrogen

Fecal Coliform

Heavy Metals

no data

Implementation Considerations

WMEDIUA,
FA £#1% AN
9
" LandRequirement Requirement Capital Cost Maintenance Burden
Suitability

The iISWM manual has designated enhanced swales
as suitable for providing:

// )

77 177

@ 5@ ® Ve
[

Water Quality Streambank On-site FIood Downstream
Protection Protection Control Flood Control
Maintenance

Dry swales require a grass height of 4"-6", which needs to
be maintained.

Sediment accumulation should be removed from the
forebay and the channel.

Inspect for and repair erosion.
Replant plant species if establishment does not occur.

Trash, debris, sediment and grass clippings need to be
removed.
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Filter Strip

Description

Filter strips are land that is engineered and designed to

treat runoff from and remove pollutants through vegetative
filtering and infiltration. The strips are uniformly graded and
densely vegetated.

Design Considerations

« Stormwater runoff that enters a filter strip must enter Filter Strip in Asheboro, NC. (Source: Tetra Tech)
via sheet flow, which requires even distribution from

the adjacent impervious surface. Flow spreaders may be Removal Rate

e rget Constituent A > 100%
required. )
equire Total Suspended Solids
+ Best suited for treating runoff from roads, highways, roof Total Phosphorus
downspouts, small parking lots, and pervious surfaces. Total Nitrogen
. . Fecal Coliform no data
+ A permeable berm may be included to increase contact
Heavy Metals

time between runoff and the filter strip.

+ Small drainage areas are required. Implementation Considerations
« Filter strips are often used as a pretreatment option for MEDIUA
other stormwater BMPs including bioretention areas. ‘ A‘&o 6* ‘ ‘ ‘ ‘
< ~
Key Advantages - . .
Land Requirement Capital Cost Maintenance Burden

« Filter strips can provide pretreatment and be used as part

of the runoff conveyance system.
! IR Suitability

+ Groundwater recharge can be provided via filter strips. The iSWM manual has designated filcer strips

* Filter strips have a relatively low construction cost. as suitable for providing:

+ Landscaping can be performed to make filter strips
aesthetically pleasing.

Limitations Water Quality

+ The TSS removal target cannot be achieved by filter strips Protection
alone.

« Filter strips have a large land requirement. Maintenance

. - T
« Filter strips require minimization of impacts that would Grass should be maintained at 2"~4" in height.

lead to erosion or compaction. * Periodic repair, regrading and sediment removal is
required to prevent channelization.

« Rills, gullies, and other erosive spots should be remedied
and repaired.

+ Vegetation is required and should be replaced if not
established.

Published October 2020
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Grass Channel

Description

Grass channels are vegetated, open channels. They are
designed to filter stormwater runoff and meet velocity
targets for the water quality design storm and the
streambank protection storm events. Grass channels are
sometimes called biofilters. Grass channels are not the same
treatment device as enhanced swales.

Design Considerations
+ Grass channels require relatively low slopes, typically
below 4%. Slopes are recommended at 1-2%.

« Grass channels are most effective at low flow rates (less
than 1 foot per second).

+ The total suspended solids (TSS) removal is not met by
grass channels alone.

+ A 5-minute residence time is recommended for the water
quality peak flow.

« Check dams can be utilized to increase the flow residence
time and increase the treatment provided.

+ Most soil types can support a grass channel, although
modifications may be required if impermeable soils are
found at the site.

+ The bottom width of the facilities can very but is typically
between 2 and 6 feet.

Key Advantages

+ Grass channels can provide pretreatment and be used as
part of the runoff conveyance system.

« If underlying soils are pervious, grass channels can partially
infiltrate runoff from small storm events.

+ Grass channels are less expensive than curb and gutter
systems.

Limitations

+ Grass channels have higher maintenance requirements
than curb and gutter systems.

+ The TSS removal target cannot be achieved by grass
channels alone.

« There is a potential that grass channels experience bottom
erosion and a resuspension of sediment.

« Standing water may not be acceptable in some areas due
to residents’ concerns.

Grass Channel in Durham, NC. (Source: Tetra Tech)

Removal Rate
Target Constituent T} » 100%

Total Suspended Solids
Total Phosphorus
Total Nitrogen

Fecal Coliform

Heavy Metals

no data

Implementation Considerations

MEDIUA
‘ 5 Ny
(2. B S WA
Land Requirement Capital Cost Maintenance Burden
Suitability

The iSWM manual has designated grass channels
as suitable for providing:

§9 /N
\\//I e

Water Quality Streambank On-site Flood Downstream
Protection Protection Control Flood Control
Maintenance

+ Maintain grass height at 3 to 4 inches.

+ Sediment accumulation should be removed from the
forebay and the channel.

+ Inspect for and repair erosion.
+ Replant grass species if establishment does not occur.

* Trash, debris, sediment and grass clippings need to be
removed.
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Infiltration Trench
and Soakage Trench

Description

Infiltration trenches allow for the infiltration of stormwater
runoff into the surrounding soils. They consist of an excavated
trench filled with stone aggregate. This creates an underground
reservoir for stormwater runoff. Soakage trenches are a
variation of infiltration trenches and drain through a perforated
pipe buried in gravel.

Soakage Trench installation. (Source: Wikipedia, CC BY-SA 3.0)

Removal Rate
Target Constituent [ifA » 100%

Total Suspended Solids
Total Phosphorus
Total Nitrogen

Fecal Coliform

Heavy Metals

Design Considerations

« Soils must have infiltration rates of 0.5 inches per hour or
higher in order to effectively accept runoff.

+ Geotechnical testing is required to determine infiltration
rates (two borings per facility).

« Upstream treatment (such as a sediment forebay and grass Implementation Considerations

channel) is required to prevent sediment choking.

MEDIUA
+ Observation wells are required in order to ensure that the % %
facilities are functioning as designed. A . k3 . k3
+ Soakage trenches are intended to be used in space-limited . > _
applications. Land Requirement Capital Cost Maintenance Burden
+ Soakage trenches can be located under pavement or I
Suitability

impervious surfaces.
The iISWM manual has designated infiltration trenches and

soakage trenches as suitable for providing:

Key Advantages

« Infiltration facilities promote groundwater recharge.
+ Small sites with porous soils are ideal candidates.

+ Can be adapted to many types of sites due to the relatively

narrow shape. Streambank

Protection

Water Quality

) - c . Protection
+ Soakage trenches can be used in conjunction with other '

stormwater devices.

+ The subsurface pipe in soakage trenches may require a
special permit in some areas, as it may be considered an
injection well.

Limitations
+ These facilities should not be used where there is the
potential for groundwater contamination.

+ There is a high clogging potential due to the reliance on Maintenance

these facilities on infiltration. They should not be used in
areas with fine-particle soils (such as clays or silts).

Significant setback requirements are needed.
Restrictions for infiltration in karst areas.

The groundwater table should be below the trench area
(4 feet between the bottom of the facility and the
seasonally high water table).

* Inspections to determine clogging.

+ Sediment accumulation in the forebay must be removed.
+ The pea gravel layer should be replaced as needed.

+ Mow filter strips and remove grass cuttings.

« Trash, debris and leaves need to be removed to prevent
clogging.

Published October 2020
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Permeable Pavement

Description

Permeable pavement is a structural alternative to a paved
surface that allows for the infiltration of stormwater runoff
through void spaces into a stone bed and the soil or an under-
drain below. Permeable pavement can refer to a variety of
surfaces, including porous asphalt, pervious concrete, and
permeable interlocking concrete pavers. It is intended for use in
lightly trafficked areas, such as parking lots, driveways, plazas,
and rights-of-way.

Design Considerations

« Consists of structural units with void areas that are
typically filled with pervious materials such as course sand,
gravel, or turf.

« Intended for low traffic areas, or for residential or overflow
parking applications.

+ Soil types need to be considered—an infiltration rate of
0.5 to 3 inches/hour is required (unless an underdrain is
used).

+ The ratio of the contributing impervious area to the porous
paver surface should be no more than 3:1.

+ Slopes should be less than 5%, but preferably less than 2%.

+ A minimum of 2 feet of clearance between the bottom of
the gravel and the seasonally high groundwater table is
required.

Key Advantages

+ Permeable pavement provides a reduction in runoff volume.

« There is a high level of pollutant removal with these
facilities.

+ Some types of permeable pavement can be purchased
from commercial vendors.

Limitations

* There are high maintenance requirements associated with
permeable pavement.

+ Permeable pavement can fail if designed incorrectly, placed
in unstabilized areas, or if maintenance is not properly done.

+ Permeable pavement has the potential for groundwater
contamination.

+ Cannot be used in areas where contamination is possible
(ex. industrial sites).

Permeable Pavement in San Antonio, TX. (Source: Tetra Tech)

Removal Rate
Target Constituent [T} » 100%

Total Suspended Solids ~ not applicable
Total Phosphorus
Total Nitrogen

Fecal Coliform

Heavy Metals

insufficient data

Implementation Considerations

MEDIUA
S WAWE
Land Requirement Capital Cost Maintenance Burden
Suitability

The iSWM manual has designated permeable pavement
facilities as suitable for providing:

Water Quality Streambank
Protection Protection
Maintenance

Trash, leaf, debris and sediment removal.
Vacuum or sweep the surface.

Replace fill material as needed.

Clear underdrain pipes of debris.
Perform structural repairs as needed.

Mow grass when using a permeable paver grid system.

For a similar design, see the Summary Pages for Porous Concrete and Modular Porous Pavement Systems
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Planter Boxes

Description

Planter boxes can be utilized in highly urbanized areas,
especially areas with large volumes of impervious surfaces.
Similar to bioretention areas, planter boxes contain
vegetation and filter media to treat stormwater. Boxes can be
constructed in place or pre-fabricated.

Design Considerations

+ Contained planter boxes receive only rainfall. The rainfall
filters through the soil and will either be taken up by
vegetation or allowed to seep out of the bottom through
an underdrain. These boxes can be relocated but do not
have storage for flow control.

« Infiltration planter boxes can receive both rainfall and
runoff. The planters are bottomless and runoff will
eventually enter the underlying soil. They should not be
used next to foundations.

+ Flow-through planters collect stormwater in a perforated
pipe along the bottom of the box. The treated runoff is
discharged out of the side of the planter or into a storm
sewer. These planters must be located by a suitable
discharge point.

+ Planter boxes can clog and should not be used in areas
with a high sediment load.

« Infiltration planter boxes must have soil types with good
underlying drainage. Other planters do not have soil type
restrictions.

+ Water should drain through a planter within 4 hours of a
storm event.

« All planters require a minimum of 18 inches of growing media.

Key Advantages

« Filtration allows for pollutant removal.

+ Planter boxes are flexible and can be used at a variety
of sites.

+ Planter boxes are often aesthetically pleasing.
+ Peak flow rates can be limited by a reservoir.
+ Planter boxes are great for urban retrofits.

Limitations

+ These facilities are intended for applications where space is
limited.

+ There is limited data on pollutant removal effectiveness.

Planter Box in Nashville, TN. (Source: Tetra Tech)

» 100%

Removal Rate
Target Constituent A

Total Suspended Solids
Total Phosphorus
Total Nitrogen

Fecal Coliform  nodata
Heavy Metals

Implementation Considerations

MEDIUA

MEDIUA

FIa FA FA

Land Requirement Capital Cost

Suitability

Maintenance Burden

The iSWM manual has designated planter boxes
as suitable for providing:

Water Quality
Protection

Maintenance
(See Bioretention for more detail)

+ Frequent maintenance for vegetation and aesthetics.

« Filters may require more frequent maintenance.

+ Replenish the mulch annually.

« During dry spells, the vegetation should be watered to

ensure it does not die.

For a similar design, see the Summary Page for Bioretention

Published October 2020
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Porous Concrete

Description

Porous concrete is a specific type of Permeable Pavement that
contains a mixture of coarse aggregate, Portland cement and
water overlaying a stone aggregate reservoir. The mixture
allows for rapid infiltration of water by providing temporary
storage. Runoff infiltrates into an underdrain system or
underlying permeable soils.

Design Considerations
+ Porous concrete is intended for low volume automobile
traffic areas, including overflow parking areas.

+ Soil types need to be considered—an infiltration rate of
0.5 to 3 inches/hour is required (unless an underdrain is
installed).

+ Should not be used in wellhead protection zones or recharge
areas of water supply aquifer recharge zones.

+ The BMP consists of an excavated area with stone media,
gravel and sand filter layers, and typically includes an
observation well.

+ This BMP should be monitored over the entire lifespan.

+ The facility should infiltrate the runoff capture volume in
24—48 hours.

Key Advantages
+ Can be used in place of traditional paved surfaces for many
applications.

+ Porous concrete provides a reduction in runoff volume.
+ There is a high level of pollutant removal with these facilities.

+ Provides ancillary benefits, such as reduced heat island
effect.

Limitations
+ There are restrictions on heavy vehicle loading.

« There are high maintenance requirements associated
with porous concrete.

+ Design and construction may require special attention.
* The cost compared to conventional pavements is high.

+ Porous concrete can fail if designed incorrectly, placed
in unstabilized areas, or if maintenance is not properly
performed.

« Porous concrete has the potential for groundwater
contamination.

+ Cannot be used in areas where contamination is possible
(ex. industrial sites).

Porous Concrete in San Diego, CA. (Source: Tetra Tech)

Removal Rate
Target Constituent ] » 100%

Total Suspended Solids

not applicable

Total Phosphorus

Total Nitrogen

Fecal Coliform none

Heavy Metals

Implementation Considerations

D %, %,

'S Y WP

Land Requirement Capital Cost Maintenance Burden
Suitability

The iSWM manual has designated porous concrete
as suitable for providing:

& 54

Water Quality Streambank
Protection Protection
Maintenance

+ Trash, leaf, debris and sediment removal.

Vacuum or sweep the surface.

Clear underdrain pipes of debris.

Perform structural repairs as needed.
Porous concrete must never be seal coated.

For a similar design, see the Summary Pages for Permeable Pavement and Modular Porous Pavement Systems
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Rainwater Harvesting

Description

Rainwater harvesting (tanks or barrels) are designed to
capture stormwater runoff from roofed structures. The
system typically consists of a storage container, a downspout
diversion, a sealed lid, and an overflow system. Rainwater

harvesting may also be called rain pails, rain savers, or cisterns.

Design Considerations

Typical systems hold between 50 and several thousand
gallons of water and may operate in series to provide
additional storage volume.

Highly applicable to residential areas.

Screens should be considered on gutters and downspouts to
remove sediment and other particles.

First flush diverters should be added to reduce the sediment
and debris loading to the rainwater harvesting device.

Can be used in conjunction with additional BMPs as part of
a treatment train system.

Overflow mechanisms are required to prevent water from
backing up in the system.

Key Advantages

Rainwater harvesting provides a reduction in runoff volume.

Systems are low-cost, effective, and easy to maintain.

Since various sizes exist, there is flexibility in the desired
capture volume.

Stormwater can be saved and reused, reducing the need for
irrigation at a site. This can lead to healthier plants due to
the lack of chlorination in the water.

Rainwater harvesting systems can conserve well or
municipal water during the dry season.

Systems are available in a multitude of sizes, shapes, and
materials to suit the needs of the user.

Limitations

Rainwater harvesting systems may have a small storage
capacity.

Some maintenance needs to be provided to the systems.
Attention should be given to the systems after a rainfall

event to prevent leaking from the system and damage to
adjacent building foundations.

Compared to the municipal water supply, the construction
cost is high.

If reuse is a possibility, roof materials need to be considered,
since there is the potential for runoff contamination.

Rainwater Harvesting in Los Angeles, CA. (Source: Tetra Tech)

GE LR ET
Target Constituent i} » 100%

Total Suspended Solids

Total Phosphorus
Total Nitrogen not applicable

Fecal Coliform

Heavy Metals

Implementation Considerations

I SR SWE)

Land Requirement Capital Cost Maintenance Burden*

Suitability
The iSWM manual has designated rainwater harvesting systems
as suitable for providing:

Water Quality
Protection

Maintenance

+ Check gutters and rooftops for debris that can get into the
rainwater harvesting system.

* Inspect the area around the system to ensure it is not
leaking and causing damage to the adjacent foundation.

« Clear the screens, first flush diverters, and system of
sediment and other debris.

« Clear pipes when clogging occurs.

+ Provide algae, mosquito, and other vector control when
required.

Published October 2020
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Sand Filter

Description

Sand filters, also called filtration basins, are structural
stormwater controls that capture and store runoff and pass it
through a bed of filter sand. The facilities are multi-chamber
structures that utilize a sediment forebay or sedimentation
chamber, a sand bed for filter media, and often require an
underdrain collection system. Sand filter designs are typically

either a surface sand filter or a perimeter sand filter. . Removal Rate
Target Constituent A

» 100%

Sand Filter Drain in Raleigh, NC. (Source: Tetra Tech)

Design Considerations Total Suspended Solids
Total Phosphorus

Total Nitrogen
Fecal Coliform
+ Sand filters typically require 2 to 6 feet of head. Heavy Metals

+ The facility consists of a sand filter media with an
underdrain system.

+ The maximum drainage area for a surface sand filter is
10 acres. Implementation Considerations

+ The maximum drainage area for a perimeter sand filter is

2 acres. ‘ 4 ‘ 4
3 S Cl
+ Clay or sandy soils may require a pretreatment device;

otherwise any soil type can be utilized.

Land Requirement Capital Cost Maintenance Burden
+ In order to provide water quantity control, other best

management practices are required. Suitability

The iSWM manual has designated sand filter facilities
as suitable for providing:

+ The selected site should not have a grade above 6%.

Key Advantages

« Sand filters are applicable to small drainage areas.

+ Highly impervious areas can be drained to sand filters for
pollutant removal.

Water Quality Streambank
+ Sand filters have good retrofit capacity. Protection Protection
+ Sand filters can be used in hotspot areas.
« Typically, less space is required for a sand filter than for Maintenance

other facilities. « Trash, leaf, debris and sediment removal.

Limitations + Provide removal of vegetation (weeds) when a surface

. Y . . . sand filter is utilized.
« There are high maintenance requirements associated with

sand filters. « Scarify the media to promote pollutant removal.

+ Sand filters are not recommended in areas with high + Cleaninlets and outlets.

sediment content loads or in clay/silt runoff areas. - Clear pipes and underdrains when required.

+ Relative to other best management practices, sand filters

. + Provide erosion and structural repairs when required.
are relatively costly.

. . L + Address animal damage as needed.
+ There is a potential for odor problems to arise with sand

filters. + Replace media upon failure of the device.

For a similar design, see the Organic Filter Summary Page Published April 2020
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Stormwater Ponds

Description

Stormwater ponds are constructed retention basins that
contain a permanent pool or micropool. Stormwater runoff
is detained in the ponds, and treatment is achieved through

settling and biological uptake mechanisms. Stormwater ponds
are also called retention ponds, wet ponds, or wet excavation

detention ponds.

Design Considerations

+ Stormwater ponds are good solutions for large drainage
areas. Maximum drainage areas are 25 acres, 10 acres for
the micropool.

+ Upstream treatment (such as a sediment forebay or
equivalent) is required.

+ Permanent pools should not exceed 8 feet in depth.

« Temporary storage can be provided above the permanent
storage for larger storm events.

+ Vegetated side slopes are required and must be no steeper
than 3:1.

+ Ponds located in areas with high infiltration rates will
require a pond liner to keep the permanent pool.

+ Ponds can require a larger area than other stormwater
facilities, but can treat large areas as well.

Key Advantages

+ Urban pollutants are removed at a moderate to high rate.

« Stormwater ponds can be considered amenities and
generally have a high rate of community acceptance.

+ Ponds provide an opportunity for wildlife habitat.

« Stormwater ponds are among the most cost-effective
facilities and are widely used.

+ Multiple ponds can be used in series. The series provides
improved downstream protection and longer pollutant
removal pathways.

Limitations

+ High relief areas have dam height restrictions that need
to be examined during design.

+ Low relief terrain may cause poor drainage.

+ Ponds may cause thermal impacts and downstream
warming of stormwater.

 Fecal coliform removal rate decreases if waterfowl
are present.

+ Mosquito and other vectors may require treatment.

Stormwater Pond in San Antonio, TX. (Source: Tetra Tech)

Removal Rate
Target Constituent [T} » 100%

Total Suspended Solids
Total Phosphorus
Total Nitrogen

Fecal Coliform

Heavy Metals

Implementation Considerations
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Land Requirement Capital Cost Maintenance Burden*

Suitability
The iISWM manual has designated stormwater ponds
as suitable for providing:

// )
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Water Quality Streambank On-site FIood Downstream
Protection Protection Control Flood Control**
Maintenance

+ Debris needs to be removed from inlet and outlet
structures.

+ Invasive vegetation should be removed.

+ Sediment accumulation and erosion should be monitored
and remedied when issues arise.

« If dams are required, inspection and maintenance must be
performed.

+ Monitor for illegal dumping.
+ Mosquito control and rodent repair may be required.

Published October 2020
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Stormwater Wetlands

Description

Stormwater wetland systems are constructed to hold a
permanent body of water for stormwater management.
Stormwater runoff volume is stored and treated within the
facility. Treatment is provided by settling and uptake by
marsh vegetation. These wetlands are also called constructed
wetlands.

Design Considerations

+ Wetlands are designed to treat both stormwater quantity
and quality.

* Variations of wetlands include shallow, extended detention
(ED) shallow, pocket/wetland systems, pocket, and
submerged gravel wetlands.

+ Soil groups ‘A’ and ‘B’ may require a liner to keep a
permanent pool elevation.

+ Wetlands require a continuous base flow or high water
table to support vegetation.

+ Drainage area requirements are a minimum of 25 acres.
Pocket wetlands have a minimum drainage area of 5 acres.

+ The depth of the ponded water should vary, but 35% of the
area or more should be 6" or less in depth. A deep pool (1.5
to 6 feet in depth) should encompass 10—20% of the surface
area.

* Pretreatment is required to reduce the sediment load to
stormwater wetlands.

Key Advantages

Stormwater wetlands have high levels of nutrient removal
and are considered to be one of the most effective
stormwater practices.

+ Wetlands provide great wildlife habitat, aesthetic value,
and other amenities.

+ Maintenance costs are relatively low.

Limitations

+ Large land areas are required to fully implement a
stormwater wetland.

+ Viable wetlands require continuous base flow.

+ In order to keep the wetlands viable, sediment control into
the facilities is required.

« Vegetation is crucial to the success of the wetlands and
must be fully established within the first three years.

Stormwater Wetland in Nashville, NC. (Source: Tetra Tech)

Removal Rate
Target Constituent [T} » 100%

Total Suspended Solids
Total Phosphorus
Total Nitrogen

Fecal Coliform

Heavy Metals

Implementation Considerations

WMEDIUA MEDIUA, MEDIUA
Land Requirement Capital Cost Maintenance Burden*

*Maintenance Burden is high for a pocket wetland

Suitability
The iISWM manual has designated stormwater wetlands
as suitable for providing:

1/, W
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Water Quality On-site FIood
Protection Control**

Downstream
Flood Control**

Streambank
Protection

**Does not apply to submerged gravel wetland systems

Maintenance

+ Wetland vegetation must be maintained and replacements
should be made to maintain at least 50% surface area
coverage.

+ Invasive vegetation needs to be removed.

« Sediment accumulation and debris must be removed
periodically (After 50% of the forebay capacity is lost).

+ Eroded areas require repair.

+ Algae, mosquito, and other vectors need to be controlled
as issues arise.

+ Rodent and other animal damage require repair.

Published October 2020
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Underground
Detention

Description

Underground detention facilities provide water quality
control through detention and temporary storage of storm
water. The runoff is stored in underground vaults, pipe or
tank systems. Water is gradually released following storm
events. Underground detention facilities are alternatives to
surface treatment.

Design Considerations
+ Underground detention facilities are often used in

conjunction with a water quality structural control device.

+ There are no restrictions for soil types.

+ The maximum drainage area for underground detention
facilities is 160 acres.

+ Often used as part of a treatment train to meet water
quality requirements.

« Prefabricated concrete vaults are available from
commercial vendors.

Key Advantages
+ Underground facilities do not take up any surface space,
which is difficult to obtain on some sites.

+ Flexible design types include a concrete vault or a
pipe/tank system.

Limitations

+ Underground detention facilities are not intended to
provide water quality treatment.

+ These facilities are intended for applications where space
is limited.

+ Both construction and replacement costs are high for
these types of facilities.

Underground Detention Facility in Los Angeles, CA. (Source: Tetra Tech)

Removal Rate
Target Constituent [iTA » 100%

Total Suspended Solids
Total Phosphorus
Total Nitrogen

Fecal Coliform

Heavy Metals

Implementation Considerations
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Ky ‘ %
‘A A £l
Land Requirement Capital Cost Maintenance Burden
Suitability

The iSWM manual has designated underground detention
facilities as suitable for providing:

/7, /
Y4 %y

2 o

Streambank On-site Flood Downstream
Protection Control Flood Control
Maintenance

« Trash, leaf, debris and sediment removal.

« Utilize a subsurface vacuum to remove pollutants and
debris.

+ Clean inlets and outlets.
+ Clear pipes and underdrains as needed.
* Provide structural repairs when required.

+ Address animal damage, including providing mosquito
control.

Published April 2020
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MEMORANDUM

TO: North Central Texas Council of Governments DATE: December 16, 2020
iISWM Implementation Subcommittee

FROM: Stephanie Griffin  Ashley Lowrie Ben Pylant
Halff Associates

EMAIL: sgriffin@halff.com alowrie@halff.com  bpylant@halff.com

SUBJECT: Guidance on Developing a Regional Detention Program

INTRODUCTION

The North Central Texas Council of Governments (NCTCOG) integrated Stormwater Management (iSWM)
subcommittee of the Public Works Council (PWC) prepared the following summary guidance on regional
detention for municipalities with support from Halff Associates, Inc. Detention ponds temporarily store
stormwater runoff for a designated period of time to allow the collected runoff to be safely released
downstream without causing downstream damages. Regional detention options presented in this
memorandum include considerations for site locations, water quality, potential funding options, and
implementation. Regional detention offers unique benefits to proposed developments in that a single
detention facility can accommodate detention for multiple developments and reduce the number of
detention facilities overall. Many communities throughout the NCTCOG region have expressed an interest
in developing a regional detention program and this guidance document is intended to help inform the
process.

CONSIDERATIONS FOR REGIONAL DETENTION LOCATIONS

Multiple factors must be considered when locating potential regional detention facilities. The natural
topography and soils information are crucial to the decision-making process. The purposes of the detention
basin include reducing the peak flow, controlling runoff from proposed or future development so the runoff
mimics current or undeveloped flows leaving the property to the extent possible, and attenuating the
peaks. The location, contributing drainage area, size, and obtainable detention volume determine the
viability of potentially feasible regional detention ponds. (Halff Associates, Inc., 2011)

A detention basin is typically not effective when placed at the highest elevation within the watershed in
soils that are highly porous or even dissolvable in water, such as gypsum. Thus, the pond needs to be
located at the downstream end of the areas to be mitigated to best achieve this goal. Proposed
developments that will contribute to the regional detention pond typically need to flow to the pond and/or
be piped to the pond using gravity. The iSWM Technical Manual Site Development Controls provides
additional details on siting detention ponds. (NCTCOG, 2014)

Based on the development regulations of the local jurisdiction, the regional detention basin will have to be
sized to handle a particular size storm. This detention basin requires a specific area of land in order to
contain the required volume and to discharge at rates allowed by the jurisdiction. The proposed location
must consider potential upstream and downstream constraints, such as existing roads, culverts, railroads,
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large power/utility easements, etc. All these factors must be considered prior to planning a regional
detention location.

Detention facilities can be dry or wet and can incorporate open space and natural features. Dry detention
basins remain dry most of the time but hold stormwater runoff during and following a storm event.
Oftentimes, these areas can be multi-functional and serve as parks, trails, and sports fields, such that the
development can use these areas for recreational purposes during dry weather. Wet-detention basins are
always designed to hold a specific amount of water and accommodate an additional amount of stormwater
runoff during and following storm events. Aerators are often incorporated in wet detention pond designs
to keep the water from becoming stagnant and to reduce mosquito breeding. For iSWM purposes, only
wet detention ponds receive credit for providing water quality benefits. The vegetation surrounding the
pond and within the pond removes pollutants from the stormwater as it enters the pond. Sediments settle
out of the stormwater in the pond. Please refer to the iISWM Construction Controls Technical Manual for
more details on the benefits of wet detention ponds. (NCTCOG, 2014)

\‘\ & b : B 3 : S S =
Figure 1. Laddie Place Phase Ill Regional Storm Water Facility resulted from a combined
effort of Bexar County, the City of San Antonio and the San Antonio River Authority to
convert a 28.5-acre shopping center that was almost entirely covered by impermeable
surfaces except for heritage oak trees. The heritage trees are a defining feature of the
former shopping mall that was converted to a regional detention facility and park with
natural elements that improve the stormwater quality and increase stormwater volume.
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On-channel (online) detention facilities are placed directly in the stream. Whereas off-channel (off-line)
detention ponds are placed elsewhere on the site and a conveyance system is used to divert stormwater
to the pond. (Harris County Flood Control District, 2020) Often, the required permitting, cost and time
associated with developing an off-channel detention pond are less than an on-channel solution. Typically,
runoff sheet flows into the off-channel pond or a network of pipes collects stormwater runoff from the
surrounding development(s) that discharges into the off-channel detention pond. Smaller pipes or some
other structure is used to control releases from the off-channel detention pond into a drainage culvert at
a rate that the culvert can handle. An emergency spillway is required for on-channel and off-channel
detention ponds to safely pass extreme flood flows without damaging the integrity of the structure.
(NCTCOG, 2014) All local and state dam requirements must be met.

WATER QUALITY CONSIDERATIONS
ASSOCIATED WITH REGIONAL DETENTION

Native vegetation can be used to reduce the need for irrigation to maintain plant life in regional detention
facilities. Vegetation filters some of the impurities from stormwater runoff, as well as within the wet pond
itself. Please note that natural vegetation is also inviting to birds and animals that introduce fecal matter
into the ponds, which can negatively impact water quality. The iSWM Technical Manual Site Development
Controls provides additional guidance on design criteria for stormwater detention ponds that is applicable
to regional detention ponds. (NCTCOG, 2014)

Erosion and sedimentation are natural processes within creeks and ponds. Erosion occurs when swift
moving water picks up soil particles from the ground, banks and bottoms of creeks. Some soils erode at a
faster rate than others. Erosion has the potential to negatively impact the capacity and function of regional
detention facilities. Likewise, water released from the detention pond must be controlled to reduce erosion
at the outfalls. The velocity flowing into and out of the detention basin needs to be slowed upon entry and
exit of the facility to velocities that minimize erosion. Vegetation, such as grass and shrubbery, serve as
natural forms of erosion protection. Large riprap rock and concrete baffle blocks are constructed options
for controlling velocity and minimizing erosion.

The Texas Commission on Environmental Quality (TCEQ) regulates water quality for all surface waters in
Texas, including regional detention facilities. Implementing iISWM features to improve stormwater quality
that collects in detention ponds should meet or exceed the TCEQ criteria as set forth in the Texas
Administrative Code Title 30 Chapter 307 as authorized by the Clean Water Act and Texas Water Code.
(State of Texas, 2014) Water quality parameters include dissolved oxygen, temperature, pH, dissolved
minerals, toxic substances, and bacteria. The purpose of the water quality regulations is to maintain the
guality of surface waters in Texas that supports public health and enjoyment and protects aquatic life.

Water quality improvements resulting from regional detention are essentially the same as those described
in the iISWM manual for stormwater ponds. Therefore, water quality credits should be considered for
regional detention projects that incorporate water quality in the iSWM program.
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POTENTIAL FUNDING OPTIONS

Drainage facilities do not produce revenue like water and wastewater treatment facilities. Typically,
drainage-related projects, including the design and construction of regional detention ponds, are funded
by a community’s stormwater (or drainage) utility, general budget, bond programs, and capital
improvement programs (large projects). Communities have more needs than available funding, which
makes funding regional detention projects difficult. Typically, regional detention facilities are intended as a
proactive mitigation measure to facilitate development. Often, more pressing short-term projects are
prioritized.

Public-private partnerships (P3s) can be established to fund the cost associated with large detention
facilities. The partnership is an agreement between the community and the private developer to share the
costs associated with the design, construction and/or operation and maintenance of the necessary
detention facility. (U.S. EPA Region 3, 2015) The responsible party for O&M needs to be clearly defined. If
the community is going to be responsible for the O&M, then the community needs to have a dedicated
source of funding for that activity.

An often-considered source of funding for regional detention is a stormwater utility (or drainage utility)
fee. Stormwater utility (SWU) fees are allowed by the Local Government Code Chapter 552 Subchapter C
and provide a dedicated revenue stream to fund stormwater-related projects and activities. (State of Texas,
2009) A SWU can be used to fund the design, construction and maintenance of regional detention facilities.
SWU fees are typically based on impervious area, such as parking lots, roofs, sidewalks, etc. because these
are the surface types that prevent natural ground infiltration and increase runoff from a previously
undisturbed site. Despite designing a detention facility to contain a 1% annual chance event, the developed
site still impacts the natural runoff of the property. Several communities within the NCTCOG area provide
a SWU fee credit, including Addison, Frisco and Lewisville.

Drainage impact fees are an option to communities to fund the design and construction of regional
detention facilities. Drainage impact fees must follow the rules set forth in Local Government Code Title 12
Subtitle C Chapter 395. (State of Texas, 1989) A drainage impact fee may be imposed on the developer by
a political subdivision to generate revenue for funding or recouping the costs of developing or expanding a
detention facility. Drainage impact fees can be assessed within the limits of the political subdivision, as well
as its extraterritorial jurisdiction (ETJ). The impact fee can be used to design and construct the regional
detention facility but not for operation and maintenance. The fee must be assessed proportional to each
of the anticipated developments who are anticipated to use the detention pond. The facility must be
constructed within 10 years of collecting the fee, or the fee must be refunded.

Special districts, such as a Public Improvement District (PID), can be established as another mechanism to
cover the expenses associated with regional detention facilities. PIDs can be established to finance the
improvements that will benefit specific property owners within that specific district or area. A special
assessment is collected from each of the properties within the district to fund the projects within the PID.

Another funding option is the establishment of a lake property owners’ association, which is essentially a
property owners’ association with a specific focus on the regional detention pond. The lake property
owners’ association can establish its own bylaws and collect fees from the impacting properties to maintain
the regional detention pond. The property owners’ association should be incorporated, and an agreement
should define the required maintenance and associated expenses attributed to each of the impacted
property owners. No agency regulates property owners’ associations. Therefore, any disagreement that
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might arise between a property owner and the association is beyond the Texas Secretary of State’s
authority and would be left to the private parties to resolve with their own attorneys and at their own
expense. (Texas Secretary of State, 2020)

This list of potential funding opportunities presented is not exhaustive. These funding ideas are the most
common funding options for regional detention ponds. Other funding options may be available to the local
jurisdictions and should be considered as appropriate.

IMPLEMENTATION OF REGIONAL DETENTION PROGRAM

The regional detention facility may be owned, operated and maintained by a private entity or the local
jurisdiction. In either case, the ownership and maintenance responsibilities associated with the facility
should be identified in a legal agreement. At a minimum, the pond should be inspected quarterly. An annual
pond inspection report should be prepared by the responsible entity and submitted to the local jurisdiction.
Any deficiencies found in the regular inspections and the resolution of each should be included in the
annual report.

When the water velocity slows, the sediment falls out of the water flow and settles to the bottom of the
pond. The settled deposits of soil particles build up over time and are referred to as sedimentation. The
sedimentation needs to be removed periodically to maintain the effective volume of the detention basin.
The frequency required for sedimentation removal, or dredging, depends on the rate of buildup within the
pond. Ponds should be designed to accommodate a certain rate of sedimentation to reduce the frequency
of necessary dredging activity. Stilling basins with permanent access ramps could be added upstream of
the detention pond to collect sediment for easier removal. Dredging activities may require a National
Pollution Discharge Elimination System (NPDES) stormwater permit.

Local jurisdictions typically do not have the staff to perform regular inspections or funding to pay for
necessary maintenance and repairs to regional detention ponds. The local jurisdiction should consider
requiring a Pond Operation and Maintenance (O&M) agreement with the property owner. The O&M
agreement should clearly state the roles and responsibilities of each party. The document should be filed
with the appropriate county for the respective property. This approach reduces the chances of the local
jurisdiction receiving the O&M responsibilities as a result of the property owner deeding the pond to the
jurisdiction without the jurisdiction’s knowledge.

ADDITIONAL CONSIDERATIONS

Local community land use planning and zoning regulations should reflect the FEMA minimum or higher
standards with regards to development in and around floodplains. These local regulations naturally provide
open space within a floodplain area that may be suitable for conversion to regional detention. If such an
approach is not feasible, then the regional detention should be placed outside the floodplain and be
designed to work with the natural flows within the floodplain.

Regional detention facilities may be considered dams. A dam is defined by the Texas Administrative Code
Title 30 Part 1 Chapter 299 Subchapter A as being “any barrier or barriers, with any appurtenant structures,
constructed for the purpose of either permanently or temporarily impounding water.” (State of Texas,
2009) Any dam that has a height greater than or equal to 25 feet and a maximum storage capacity greater
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than or equal to 15 acre-feet or has a height greater than six feet and a maximum storage capacity greater
than or equal to 50 acre-feet is required to adhere to the TCEQ dam requirements. The Texas Commission
on Environmental Quality (TCEQ) requires that all dams that impound water have a water rights permit.
TCEQ requires dams to be designed to handle the probable maximum flood (PMF) and the 1% annual
chance flood event.

When considering the appropriate size and location for a regional detention facility, the property
downstream and its potential use should be considered. While the property may be vacant now, the future
land use plan may show that the property is anticipated to become residential development(s) and change
the dam classification to high hazard. High hazard dams have additional operation and maintenance
responsibilities that must be considered and included in the development. Ultimate development or
ultimate land use should be used as the basis for sizing regional detention ponds. (Halff Associates, Inc.,
December 2014) The ultimate land use impacts the manner and speed at which runoff moves across the
development, which in turn impacts the size and location for the pond.

A best management practice, if not already required by the state or local jurisdiction, includes having an
emergency action plan for potential issues with the dam or impoundment holding the stormwater in the
detention pond. TCEQ’s Guidelines for Developing Emergency Action Plans for Dams in Texas provides
details on which dams are required to have emergency action plans and the specific information that must
be included in those plans. (TCEQ, December 2019) The emergency action plan should identify the area
that would likely be damaged in the event of a dam failure. The plan should also include the actions to be
taken and the department or personnel who are responsible for implementing the plan.

The United States Army Corps of Engineers (USACE) must be consulted if the location of the proposed
detention facility is planned for an area that may contain wetlands, thus requiring a Section 404 permit.
Impacted wetlands are required to be mitigated. Ideally, the detention pond should be located to avoid
wetlands. When wetlands cannot be avoided, the developer should plan for a lengthy and potentially costly
permitting process.

Regional detention is intended to reduce flood risk up to a specified storm design size. The reduced flood
risk benefits the proposed development within the project area and downstream of the detention pond
discharge point. The runoff from the proposed development will collect in the detention pond and be
discharged at a rate such that it does not increase the flow in the creek above what the creek received prior
to the proposed development. Therefore, the flood risk to properties downstream should remain
unchanged up to the design storm of the detention pond. As with any detention facility, flood risks still exist
with regional detention ponds. (Halff Associates, Inc., December 2014) Storms may exceed the capacity of
the facility’s design. If development plans change, the potential flooding may also change or may require
modifications to a regional detention pond to accommodate the increased flows.
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MEMORANDUM

TO: North Central Texas Council of Governments DATE: December 21, 2020
iISWM Implementation Subcommittee

FROM: Mikel Wilkins Ashley Lowrie Ben Pylant
TBG Halff Associates Halff Associates
EMAIL: mikel.wilkins@tbgpartners.com alowrie@halff.com bpylant@halff.com
SUBJECT: Research of Volumetric Detention and Channel Protection Volume Design Guidance

State of Practice (DRAFT)

TBG Partners has completed their review of the current state of practice for the design of extended
detention systems and the determination of channel protection volume storage requirements and
associated allowable discharge rates and drawdown times both regionally and nationally. Specifically, they
reviewed the following city and agency criteria and compared it to the current iSWM Criteria Manual and
Technical Manual Guidance: Austin, TX, San Antonio, TX, Fayetteville, AR, Tulsa, OK, Little Rock, AR, and
Harris County, TX.

The predominant national standard of practice as it relates to the volumetric design of extended detention
basins to capture the ‘channel protection volume’ or ‘stream protection volume’ is based on the
determination of the 2-year, 24-hour storm event under post development conditions and releasing that
volume over a 24-hour period with a peak discharge equal to the 2-year, 24-hour storm event under pre-
development conditions. There is limited evidence that this standard of practice is particularly impactful in
terms of streambank protection and erosion prevention. There is substantial documentation and research
that indicates that this practice may in fact lead to increased frequency and duration of channel or stream
alteration under erosive bank full or near bank full conditions. “Volume of runoff and the frequency of
‘channel forming’ events increase substantially with increased impervious surfaces (development). The
most commonly practice form of channel protection, 2-year control, does not reduce channel erosion and
may actually increase the amount of time the channel is exposed to erosive flows” (McCuen and Moglen,
1988, MacRae, 1996, and CWP, 2000).

This is highly dependent on the structural properties of the bed and bank conditions within the receiving
stream and also the length of time that a stream has been subject to developed runoff conditions. The
erosive potential and sensitivity of a receiving stream is based on its current state of aggradation or
degradation and this significantly influences the determination of the acceptable frequency, duration, and
intensity within the system that will optimally reduce future erosion and sedimentation within the system.

Due to the uncertainty of the effectiveness or lack of effectiveness of this standard of practice it is evident
that many cities are either modifying the criteria to other alternatives that attempt to further limit the
duration and frequency of channel altering flows. There are some examples nationally where a 2-year over
control method is required. This method requires the storage of the 2-year 24-hour storm event with
controlled release that does not exceed 50% of the predevelopment peak discharge. This generally
increases the required storage footprint considerably and has mostly only been attempted in northern
municipalities with vastly different hydrologic conditions than those found in Texas.
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The most common practice identified in our research aside from the 2-year, 24-hour, pre-development
peak flow control is the requirement for extended detention of the 1-year, 24-hour storm event with a
maximum drawdown time of 24 hours. The volume required for this practice is generally similar to the
volume required to manage the peak discharges from 5 to 10-year storm events. This practice generally
reduces the frequency, duration, and intensity of channel altering flows but there is a trade off in the area
required and there are challenges with the sizing of 1-year discharge controls that tend to be smaller and
more susceptible to clogging. It should also be noted that the effectiveness of this design criteria is again
largely dependent on the physical bed and bank materials and state of aggradation or degradation of the
receiving stream.

The emerging strategy for stream bank protection is distributed runoff control. This strategy requires highly
localized detail of the erosive potential of the receiving streams throughout the entire reach. Many
municipalities and agencies have begun or completed the lengthy process of further collecting data on
ephemeral, perennial, and riverine systems throughout their jurisdiction and enhancing the downstream
assessment process with a clearer understanding of allowable duration and intensities of flows that vary
greatly within the stream network. The vast majority of the research and development in this area is
grounded on the processes developed for the Rosgen Stream Classification system coupled with the
development of dynamic hydraulic models for stream networks that facilitate the design process and
ultimately the selection of optimized storage and discharge controls specific to the sub-watershed and
receiving stream characteristics.

Based on our research it appears that in the absence of detailed stream system data including but not
limited to dynamic hydraulic models, bed and bank material assessment, degradation and aggradation state
documentation, that the current recommended process in the iISWM criteria manual to manage and control
the release of the 1-yr, 24-hour storm event is appropriate. The trade-off is that this likely requires a larger
storage footprint and that there are challenges in designing efficient outflow structures that aren’t
susceptible to clogging. This process combined with the requirements of the downstream assessment
appears to be the most prudent approach for minimizing erosion and sedimentation impacts within stream
systems in North Texas. In locations where there is substantial stream system data and dynamic hydraulic
models it is recommended that a flexible approach to determination of allowable discharges should be
utilized. This appears to be the direction that the City of Austin is moving toward while maintaining a
standard approach of requiring the storage and controlled release of the 2-year, 24-hour storm event. The
challenge of utilizing the option to fine tune storage and discharge requirements appears to fall back on
the developer and designer capacity to utilize available hydraulic models and have a deep understanding
of stream channel stability.
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SUMMARY OF PRACTICES
City of Austin:

Requires management of the 2-year, 24-hour storm with peak discharges equal to pre-development
conditions. Allows for modified approaches based on standards outlined in erosion hazard guidance and
utilization of stream conditions data and models. Proposed modifications to the city’s development criteria
re-write

‘CodeNext” indicates that they will change the wording from requiring management of the 2-year, 24-hour
storm to the stream protection volume to allow for more flexibility and efficiencies in the design of
detention ponds. It’s also important to note that the City provides guidance in terms of Storm Water
Management ponds and does not have separate guidance for dry and wet detention ponds related to
volume storage and discharge.

https://www.austintexas.gov/sites/default/files/files/Watershed/erosion/EHZ Criteria 2013 Q3.pdf

http://www.austintexas.gov/edims/document.cfm?id=293134

https://library.municode.com/tx/austin/codes/drainage criteria_manual?nodeld=S8STMA

City of San Antonio:

The City of San Antonio does not have criteria for streambank protection volume management. The City of
San Antonio restricts the outflow rates to the undeveloped or existing five (5) year, twenty-five (25) year,
and one hundred (100) year frequencies, 24-hour storm and allows drawdown time of 48 or 24-hours.

http://www.sanantonio.gov/Portals/0/Files/CIMS/Services/cosa-final-swdcm-jan-2016-web-version.pdf

City of Fayetteville:

Within Fayetteville they must provide extended detention of the increased volume of the 1-year storm
event released over a period of 40 hours to reduce flows and protect downstream channels from erosive
velocities and unstable conditions. Post-development flows shall not exceed the predevelopment flows.

https://www.fayetteville-ar.gov/DocumentCenter/View/2248/Drainage-Criteria-Manual-2014-PDF

City of Tulsa:

The outlet shall be designed to provide discharges from the pond that are equal to or less than
predevelopment discharges for the 100% (1-year), 50% (2-year), 20% (5-year), 10% (10-year), 2% (50-year),
and 1% (100-year) flood events. Orifice or slotted weir configurations should be as large as possible to meet
the design requirements. The computed channel velocities in natural channels, along with the computed
Froude Number, should be used to determine the necessity of channel protection from erosion. Channel
velocities should not be increased due to the design of a project.

https://www.cityoftulsa.org/media/11859/stormwatermanagementcriteriamanual-june2019.pdf

City of Little Rock:

Volume for storage and discharge requirements are based only on the differential runoff from post
development and predevelopment conditions for the 25-year, 6-hour storm event. There are now
requirements for managing the stream protection volume.

https://www.littlerock.gov/media/1495/stormwater drain-man-update-09-2016.pdf
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Harris County:

The outflow structure must be sized for water quality enhancement to detain the extended detention
component of the water quality volume for a minimum of 24-hours. The extended detention volume is
either: equal to 50% of the water quality volume where the remaining 50% of the water quality volume is
allocated to the permanent pool (EPA 1999a); or equal to an optimum percentage where the additional
water quality volume is assigned to the permanent pool using the design engineer’s best professional
judgment.

https://acechouston.org/wp-content/uploads/2018/04/PCPM-Update ACEC-SW-Comm-Revison-Draft- 1-
29-2018.pd

SUPPLEMENTAL INFORMATION: 2018 EPA Document: “Detention Outlet Retrofit Improves The
Functionality of Existing Detention Basins By Reducing Erosive Flows in Receiving Channels”

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6171122/pdf/nihms-1503928.pdf
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MEMORANDUM

TO: North Central Texas Council of Governments DATE: December 16, 2020
iISWM Implementation Subcommittee

FROM: Sam Sarkar, PE Ashley Lowrie Ben Pylant
Tetra Tech Halff Associates Halff Associates
EMAIL: sam.sarkar@tetratech.com alowrie@halff.com bpylant@halff.com

SUBJECT: Re-evaluate 85th Percentile Rainfall Requirements (DRAFT)

INTRODUCTION

The North Central Council of Governments (NCTCOG) Integrated Stormwater Management (iSWM) Technical
Manual on Water Quality, based on a rainfall analysis, identifies 1.5-inches as the average depth of rainfall
associated with the 85th-percentile storm for the NCTCOG region. The iSWM Technical Manual recommends
complete capture of the runoff generated by the 85th-percentile storm as the basis for design of stormwater
management systems to treat water quality and a minimum detention period of 24-hours. The volumetric runoff
coefficient (RV) and the water quality protection volume (WQV) associated with the 95th-percetile storm
are calculated using equations (1) and (2) shown below. In inches, WQV may be expressed using equation (3).

Ry = 0.05 4 0.009 =1 (€Y
where,
Ry = volumetric runoff coefficient

| = percent impervious cover (%)
_ 15xR,xA

Wy = —— @
where,
WQV = water quality protection volume (acre-feet)
RV = volumetric runoff coefficient
A = drainage area (acres)
Qwv = 1.5* Ry (3)

where,
QWYV = water quality protection volume (inches)

The purpose of this task is to re-evaluate the 85th-percentile storm runoff capture as stipulated in the iSWM
Technical Manual. Specifically, long-term rainfall hourly data at National Climactic Data Center (NCDC) stations in



the NCTCOG region were analyzed using the Urban Watersheds Research Institute (UWRI) Water Quality Capture
Optimization and Statistics Model (WQ-COSM)1.

METHODS

The methods used by WQ-COSM to determine the water quality capture volume (WQCV) basin size using WQ-
COSM are summarized below.

1. WQ-COSM uses continuous sub-daily rainfall data to identify individual storms based on a user-specified
inter-event dry period. The program subsequently screens out small user-specified non-runoff producing
rainfall events and large outlier storms prior to calculating runoff.

2. The filtered rainfall data is used to calculate continuous runoff at each time increment. Runoff may be
calculated using the Rational, Horton or Green-Ampt methods.

3. Conducts a simple mass balance of runoff volume and number of storms captured based on a range of
increasing WQCV basin size and user-specified time to empty WQCV basin.

4. Reports optimal WQCV basin size based on the “point of diminishing return” determined from plots of
runoff volume and number of storm events captured against a range of WQCV basin sizes.

The input parameters required by WQ-COSM are shown in Figure 1. The ranges of input parameters recommended
by the developers of WQ-COSM are summarized in Table 1.

Table 1. Recommended Ranges for WQ-COSM Input Parameters.

Recommended Range

Parameter Name Default
Values
Dry Period Separation for New Storm 6 12 6 hours
Minimum Storm Depth Needed for Runoff 0.06 0.12 0.08 inches
WQCV Basin Emptying Time 12 96 40 hours
Drying Period 3 7 5 days

L https://www.uwtrshd.com/downloads/water-quality-capture-optimization-statistical-model-wg-cosm




Input Parameters Summary Sheet
WQ-COSM v3.1.01 (January 2020)

Project I.D. and Rainfall Processing Parameters

NOAA Precipitation Data Filepath & Name:

Precipitation Data Station Name:

Project/Study Location:

Dry Period Separation for New Storm: 6 hours NOAA Precipitation Unit Time:
Minimum Storm Depth Needed for Runoff: 0.08 in 60 min

WQCV Basin Sizing Parameter

WQCYV Basin Emptying Time: hours

Runoff Processing Parameters

Catchment Imperviousness: 100%
(At least one imperviousness value required, others are optional)
Storm Runoff Outlier Exclusion (Upper % Outlier): 99.5%
Drying Period: 3 days
Runoff Model: |Rational Method Rd
Horton
Initial Infiltration Rate: n/a in/hr
Final Infiltration Rate: n/a in/hr
Infiltration Decay Coefficient: n/a 1/hr
Pervious Depression Storage: n/a in
Impervious Depression Storage: n/a in
Green Ampt
Average Capillary Suction: n/a in
Saturated Conductivity: n/a in/hr
Maximum Soil Moisture Deficit: n/a infin
Pervious Depression Storage: n/a in
Impervious Depression Storage: n/a in
Rational Method
Recommended Runoff Coefficients: 0.886
User Override Runoff Coefficients: 0.900

Figure 1. WQ-COSM Input Parameters.

WQ-COSM was used to determine optimal WQCV basin size for all National Climactic Data Center (NCDC) stations
with at least 30-years of hourly precipitation data in the NCTCOG region (Figure 2). Default values (Table 1) were
used for dry period separation for new storms, minimum storm depth needed for runoff, WQCV basin emptying
time and drying period. Catchment imperviousness was assumed at 100%. Continuous hourly rainfall data for the
stations shown in Figure 2 were downloaded from the National Centers for Environmental Information (NCEI)
Climate Data Online Map Server (https://gis.ncdc.noaa.gov/maps/ncei/cdo/hourly?layers=001).
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Figure 2. NCDC Hourly Stations with 30-yearsof Rainfall Data.

The results of the analysis using WQ-COSM for the Fort Worth Meacham Field (COOP:413284) to determine optimal
WQCV basin size are shown in Figure 3. The results of the analysis suggest that the optimal WQCV basin size is 0.95-
inches (based on runoff volume capture) and 0.88-inches (based on storm events capture). Reducing the WQCV
basin emptying time to 24-hours from 40-hours results in slightly lower WQCV basin sizes - 0.88-inches based on
runoff volume and 0.80-inches based on storm events captured. Increasing the dry period separation for new storm
to 12-hours from 6-hours results in higher WQCV basin sizes - 0.98-inches based on runoff volume and 0.89-inches
based on storm events captured.

In contrast, the water quality protection volume (Quv) using the current iSWM Technical Manual methodology is
calculated as 1.43-inches, assuming 100% imperviousness and 85"-percentile storm depth of 1.5-inches. The 85%-
percentile 24-hour rainfall depth for the Fort Worth Meacham Field based on the NCDC continuous data from 1940
to 2013 is 1.2-inches. The Quv using 1.2-inches as the 85"-percentile rainfall depth is calculated as 1.14-inches. The
results of the WQCV analysis for all stations shown in Figure 2 are summarized in Appendix A. The re-calculated
85™-percentile storm depths using continuous rainfall data for the same locations are summarized in Appendix B.



WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume

Captured | WQCV | Captured | Captured | Captured | Captured | WQCV | Captured | Captured | Captured

(%)

(in)

(in) (%) (%) (in) (%) (%)

84.9% 0.9525 1441.85 2,934 87.31% 85.6% 0.8763 2,878 1400.38 | 82.41%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured | WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0525 169.93 42 1.25% 10.0% 0.1020 336 317.95 18.71%
20.0% 0.1099 339.85 420 12.51% 20.0% 0.1335 672 405.34 23.85%

30.0% 0.1750 509.78 1,004 29.89% 30.0% 0.1756 1,008 511.18 30.08%

40.0% 0.2520 679.70 1,432 42.61% 40.0% 0.2341 1,344 644.61 37.93%

50.0% 0.3449 849.63 1,832 54.51% 50.0% 0.3027 1,680 779.15 45.85%

60.0% 0.4586 1019.56 2,181 64.92% 60.0% 0.4008 2,016 937.57 55.18%

70.0% 0.6045 1189.48 2,494 74.23% 70.0% 0.5321 2,352 1110.69 | 65.36%

72.5% 0.6491 1231.96 2,567 76.39% 72.5% 0.5748 2,436 1157.21 68.10%

75.0% 0.6960 1274.44 2,643 78.65% 75.0% 0.6196 2,520 1204.36 | 70.88%

77.5% 0.7492 1316.93 2,734 81.37% 77.5% 0.6725 2,604 1253.88 | 73.79%

80.0% 0.8100 1359.41 2,813 83.73% 80.0% 0.7224 2,688 1295.51 76.24%

82.5% 0.8789 1401.89 2,880 85.70% 82.5% 0.7754 2,772 1336.10 | 78.63%

85.0% 0.9574 1444.37 2,937 87.40% 85.0% 0.8494 2,856 1384.87 | 81.50%

87.5% 1.0469 1486.85 3,000 89.28% 87.5% 0.9622 2,940 1446.81 85.14%

90.0% 1.1536 1529.33 3,063 91.15% 90.0% 1.0845 3,024 1502.78 | 88.44%

92.5% 1.2856 1571.81 3,131 93.19% 92.5% 1.2406 3,108 1558.39 | 91.71%

95.0% 1.4654 1614.30 3,201 95.28% 95.0% 1.4396 3,192 1609.26 | 94.70%

97.5% 1.7687 1656.78 3,279 97.59% 97.5% 1.7525 3,276 1655.22 | 97.41%

100.0% 3.5050 1699.26 3,360 100.00% | 100.0% 3.5050 3,360 1699.26 | 100.00%
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Figure 3. Optimal WQCV Basin Size using WQ-COSM for the
Fort Worth Meacham Field.




CONCLUSIONS

The water quality capture volume was calculated using the empirical approach recommended in the iSWM
Technical Manual and the Water Quality Capture Optimization Statistical Model (WQ-COSM). The results based on
the iISWM method results in a higher volume capture requirement. The optimal capture volume calculated using
WQ-COSM are slightly lower than those calculated using the iSWM equations. Note however that the WQ-COSM
outcomes are sensitive to the input parameters and should be carefully reviewed while calculating optimal water
guality capture volumes.



Appendix A

WQ-COSM Results for Selected NCDC Stations
WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)

86.2% 0.9808 1279.59 2,837 89.68% 88.0% 0.9082 2,783 1249.14 | 84.10%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0500 148.53 30 0.96% 10.0% 0.0972 316 277.53 18.68%
20.0% 0.1049 297.06 402 12.72% 20.0% 0.1256 633 349.42 23.52%
30.0% 0.1677 445.59 988 31.23% 30.0% 0.1613 949 432.34 29.11%

40.0% 0.2430 594.12 1,401 44.28% 40.0% 0.2131 1,265 539.90 36.35%
50.0% 0.3329 742.65 1,756 55.52% 50.0% 0.2860 1,582 669.67 45.09%
60.0% 0.4411 891.18 2,070 65.43% 60.0% 0.3750 1,898 804.66 54.18%
70.0% 0.5818 1039.71 2,384 75.37% 70.0% 0.5004 2,214 959.11 64.57%
72.5% 0.6265 1076.84 2,449 77.43% 72.5% 0.5374 2,293 996.56 67.10%
75.0% 0.6742 1113.97 2,517 79.57% 75.0% 0.5760 2,372 1034.12 | 69.62%
77.5% 0.7265 1151.11 2,588 81.82% 77.5% 0.6280 2,451 1078.11 72.59%
80.0% 0.7878 1188.24 2,662 84.17% 80.0% 0.6842 2,530 1121.11 75.48%
82.5% 0.8573 1225.37 2,740 86.63% 82.5% 0.7442 2,609 1161.85 | 78.22%
85.0% 0.9381 1262.50 2,805 88.69% 85.0% 0.8106 2,689 1201.06 | 80.86%
87.5% 1.0342 1299.64 2,870 90.75% 87.5% 0.8875 2,768 1239.91 83.48%
90.0% 1.1491 1336.77 2,918 92.24% 90.0% 0.9948 2,847 1285.07 | 86.52%
92.5% 1.2878 1373.90 2,964 93.71% 92.5% 1.1696 2,926 1342.86 | 90.41%
95.0% 1.4720 1411.03 3,031 95.83% 95.0% 1.3951 3,005 1397.36 | 94.08%
97.5% 1.8122 1448.17 3,098 97.94% 97.5% 1.6766 3,084 1436.47 | 96.71%
100.0% 3.9232 1485.30 3,163 100.00% | 100.0% 3.9232 3,163 1485.30 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 4. Optimal WQCV Basin Size using WQ-COSM for the LAKE BRIDGEPORT DAM TX US
(COOP:414972).



WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
83.5% 0.9808 1387.72 2,871 87.22% 83.5% 0.8355 2,748 1305.92 | 78.60%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured | WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0552 166.15 17 0.53% 10.0% 0.1003 329 291.07 17.52%
20.0% 0.1161 332.31 504 15.31% 20.0% 0.1301 658 368.78 22.20%
30.0% 0.1863 498.46 1,082 32.88% 30.0% 0.1711 987 465.06 27.99%

40.0% 0.2696 664.61 1,505 45.73% 40.0% 0.2265 1,316 583.75 35.13%
50.0% 0.3690 830.77 1,883 57.21% 50.0% 0.3037 1,646 725.36 43.66%
60.0% 0.4914 996.92 2,197 66.75% 60.0% 0.4008 1,975 876.20 52.73%
70.0% 0.6479 1163.07 2,506 76.14% 70.0% 0.5428 2,304 1056.62 | 63.59%
72.5% 0.6968 1204.61 2,580 78.40% 72.5% 0.5834 2,386 1101.26 | 66.28%
75.0% 0.7494 1246.15 2,650 80.53% 75.0% 0.6276 2,468 1143.68 | 68.83%
77.5% 0.8071 1287.69 2,716 82.52% 77.5% 0.6766 2,551 1187.78 | 71.49%
80.0% 0.8719 1329.23 2,789 84.75% 80.0% 0.7342 2,633 1234.99 | 74.33%
82.5% 0.9466 1370.77 2,841 86.32% 82.5% 0.8063 2,715 1287.22 | 77.47%
85.0% 1.0322 1412.30 2,909 88.40% 85.0% 0.8840 2,797 1335.96 | 80.41%
87.5% 1.1313 1453.84 2,960 89.94% 87.5% 0.9913 2,880 1392.94 | 83.83%
90.0% 1.2459 1495.38 3,017 91.66% 90.0% 1.1350 2,962 1455.31 87.59%
92.5% 1.3865 1536.92 3,073 93.39% 92.5% 1.3108 3,044 1515.80 | 91.23%
95.0% 1.5718 1578.46 3,144 95.52% 95.0% 1.5314 3,126 1570.87 | 94.54%
97.5% 1.8729 1620.00 3,205 97.38% 97.5% 1.9042 3,209 1623.22 | 97.69%
100.0% 3.3420 1661.53 3,291 100.00% | 100.0% 3.3420 3,291 1661.53 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 5. Optimal WQCV Basin Size using WQ-COSM for the LAVON DAM TX US (COOP:415094).



WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
84.2% 1.0278 1280.64 2,381 86.60% 82.4% 0.8633 2,266 1200.03 | 78.94%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured WQCV [ Captured | Captured | Captured | Captured WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0567 152.03 54 1.98% 10.0% 0.1065 275 275.98 18.15%
20.0% 0.1188 304.05 374 13.61% 20.0% 0.1405 550 353.71 23.27%
30.0% 0.1897 456.08 854 31.06% 30.0% 0.1831 825 443.55 29.18%

40.0% 0.2744 608.10 1,193 43.38% 40.0% 0.2459 1,100 562.02 36.97%
50.0% 0.3759 760.13 1,507 54.81% 50.0% 0.3308 1,375 698.48 45.94%
60.0% 0.5001 912.16 1,803 65.60% 60.0% 0.4289 1,649 829.22 54.54%
70.0% 0.6624 1064.18 2,057 74.84% 70.0% 0.5721 1,924 985.24 64.81%
72.5% 0.7128 1102.19 2,114 76.89% 72.5% 0.6180 1,993 1025.87 | 67.48%
75.0% 0.7665 1140.20 2,169 78.91% 75.0% 0.6665 2,062 1067.23 | 70.20%
77.5% 0.8243 1178.20 2,224 80.91% 77.5% 0.7279 2,130 1113.58 | 73.25%
80.0% 0.8923 1216.21 2,296 83.53% 80.0% 0.7982 2,199 1161.17 | 76.38%
82.5% 0.9689 1254.22 2,348 85.42% 82.5% 0.8656 2,268 1201.31 79.02%
85.0% 1.0544 1292.22 2,394 87.10% 85.0% 0.9499 2,337 1245.00 | 81.89%
87.5% 1.1527 1330.23 2,455 89.29% 87.5% 1.0742 2,405 1300.52 | 85.55%
90.0% 1.2734 1368.23 2,502 91.00% 90.0% 1.2012 2,474 1346.07 | 88.54%
92.5% 1.4190 1406.24 2,562 93.19% 92.5% 1.3714 2,543 1394.77 | 91.75%
95.0% 1.6121 1444.25 2,618 95.23% 95.0% 1.5830 2,612 1439.45 | 94.68%
97.5% 1.9161 1482.25 2,674 97.28% 97.5% 1.9828 2,680 1488.02 | 97.88%
100.0% 3.5355 1520.26 2,749 100.00% | 100.0% 3.5355 2,749 1520.26 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 6. Optimal WQCV Basin Size using WQ-COSM for the LEWISVILLE DAM TX US
(COOP:415192).



WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
57.9% 0.7143 12.39 22 70.97% 66.1% 0.5665 21 10.81 50.55%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0793 2.14 1 1.97% 10.0% 0.1115 3 3.00 14.02%
20.0% 0.1617 4.28 10 30.86% 20.0% 0.1305 6 3.50 16.38%
30.0% 0.2636 6.42 12 39.84% 30.0% 0.1552 9 4.13 19.30%
40.0% 0.3880 8.56 17 54.04% 40.0% 0.2660 12 6.46 30.22%
50.0% 0.5559 10.69 20 65.43% 50.0% 0.3571 16 8.09 37.81%
60.0% 0.7654 12.83 23 74.19% 60.0% 0.4335 19 9.21 43.07%
70.0% 1.0443 14.97 24 77.42% 70.0% 0.7069 22 12.32 57.62%
72.5% 1.1193 15.51 24 77.42% 72.5% 0.7260 22 12.50 58.43%
75.0% 1.1944 16.04 24 77.42% 75.0% 0.8990 23 13.92 65.09%
77.5% 1.2694 16.58 24 77.42% 77.5% 1.2820 24 16.67 77.92%
80.0% 1.3498 17.11 25 80.65% 80.0% 1.3202 25 16.93 79.15%
82.5% 1.4433 17.65 27 87.10% 82.5% 1.3935 26 17.36 81.17%
85.0% 1.5371 18.18 27 87.10% 85.0% 1.4126 26 17.47 81.68%
87.5% 1.6341 18.71 27 87.10% 87.5% 1.7303 27 19.16 89.60%
90.0% 1.7485 19.25 27 88.69% 90.0% 1.7685 28 19.34 90.44%
92.5% 1.8634 19.78 28 90.32% 92.5% 2.2008 29 21.16 98.93%
95.0% 1.9792 20.32 28 90.32% 95.0% 2.2771 29 21.35 99.84%
97.5% 2.1162 20.85 28 90.32% 97.5% 2.2962 30 21.37 99.92%
100.0% 2.3153 21.39 31 100.00% | 100.0% 2.3153 31 21.39 100.00%

WQCV Table -- 100% Imperviousness
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Figure 7. Optimal WQCV Basin Size using WQ-COSM for the MCKINNEY MUNICIPAL AIRPORT TX US
(COOP:415766).
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WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
84.9% 1.0411 894.62 1,980 88.79% 84.9% 0.8745 1,894 838.18 79.53%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0540 105.40 1 0.03% 10.0% 0.1078 223 200.40 19.01%
20.0% 0.1145 210.79 284 12.73% 20.0% 0.1324 446 238.52 22.63%
30.0% 0.1861 316.19 820 36.79% 30.0% 0.1571 669 276.65 26.25%
40.0% 0.2721 421.59 1,088 48.80% 40.0% 0.2075 892 343.42 32.58%

50.0% 0.3745 526.98 1,315 58.99% 50.0% 0.2831 1,115 433.57 41.14%
60.0% 0.4980 632.38 1,652 69.58% 60.0% 0.3864 1,338 538.20 51.06%
70.0% 0.6592 737.78 1,745 78.23% 70.0% 0.5048 1,561 637.28 60.47%
72.5% 0.7096 764.13 1,787 80.15% 72.5% 0.5517 1,617 670.03 63.57%
75.0% 0.7630 790.48 1,827 81.91% 75.0% 0.5986 1,673 701.28 66.54%
77.5% 0.8215 816.83 1,860 83.39% 77.5% 0.6455 1,728 729.52 69.22%
80.0% 0.8873 843.17 1,902 85.29% 80.0% 0.7054 1,784 761.97 72.29%
82.5% 0.9608 869.52 1,942 87.10% 82.5% 0.7863 1,840 800.99 76.00%
85.0% 1.0454 895.87 1,982 88.88% 85.0% 0.8775 1,896 839.36 79.64%
87.5% 1.1440 922.22 2,021 90.63% 87.5% 0.9791 1,951 875.72 83.09%
90.0% 1.2619 948.57 2,065 92.60% 90.0% 1.1049 2,007 912.30 86.56%
92.5% 1.4164 974.92 2,110 94.62% 92.5% 1.2549 2,063 947.27 89.88%
95.0% 1.6468 1001.27 2,156 96.66% 95.0% 1.4552 2,119 980.01 92.98%
97.5% 2.0426 1027.62 2,190 98.21% 97.5% 1.8453 2,174 1016.49 | 96.44%
100.0% 3.6645 1053.97 2,230 100.00% | 100.0% 3.6645 2,230 1053.97 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 8. Optimal WQCV Basin Size using WQ-COSM for the MIDLOTHIAN TX US (COOP:415897).
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Optimized Values:

WQCV Table -- 100% Imperviousness

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
84.0% 0.9090 1133.22 2,506 86.92% 84.7% 0.8417 2,443 1101.42 | 81.68%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured WQCV [ Captured | Captured | Captured | Captured WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0512 134.85 8 0.26% 10.0% 0.0929 288 235.90 17.49%
20.0% 0.1076 269.69 449 15.58% 20.0% 0.1193 577 296.42 21.98%
30.0% 0.1731 404.54 968 33.57% 30.0% 0.1554 865 370.97 27.51%

40.0% 0.2510 539.39 1,330 46.14% 40.0% 0.2063 1,153 466.41 34.59%

50.0% 0.3430 674.24 1,596 55.37% 50.0% 0.2841 1,442 590.62 43.80%

60.0% 0.4559 809.08 1,889 65.52% 60.0% 0.3916 1,730 735.70 54.56%

70.0% 0.5996 943.93 2,177 75.50% 70.0% 0.5141 2,018 867.82 64.36%

72.5% 0.6432 977.64 2,224 77.16% 72.5% 0.5497 2,090 901.19 66.83%

75.0% 0.6897 1011.36 2,275 78.91% 75.0% 0.5912 2,162 936.75 69.47%

77.5% 0.7402 1045.07 2,340 81.18% 77.5% 0.6533 2,234 985.25 73.06%

80.0% 0.7984 1078.78 2,395 83.07% 80.0% 0.7139 2,306 1027.58 | 76.20%

82.5% 0.8635 1112.49 2,468 85.62% 82.5% 0.7808 2,378 1068.56 | 79.24%

85.0% 0.9387 1146.20 2,527 87.66% 85.0% 0.8482 2,451 1104.72 | 81.92%

87.5% 1.0276 1179.91 2,577 89.37% 87.5% 0.9324 2,523 1143.42 | 84.79%

90.0% 1.1328 1213.63 2,635 91.41% 90.0% 1.0555 2,595 1189.42 | 88.20%

92.5% 1.2639 1247.34 2,688 93.24% 92.5% 1.2007 2,667 1232.09 | 91.37%

95.0% 1.4402 1281.05 2,750 95.40% 95.0% 1.4135 2,739 1277.00 | 94.70%

97.5% 1.7489 1314.76 2,818 97.73% 97.5% 1.7110 2,811 1311.56 | 97.26%

100.0% 3.1648 1348.47 2,883 100.00% | 100.0% 3.1648 2,883 1348.47 | 100.00%

% Captured

Figure 9.

WQCV Table -- 100% Imperviousness
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Optimal WQCV Basin Size using WQ-COSM for the MINERAL WELLS 1 SSW TX US
(COOP:415957).
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WQCV Table -- 100% Imperviousness
Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
84.4% 0.9258 233.54 383 84.36% 84.4% 0.9258 383 233.54 84.44%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0559 27.66 8 1.80% 10.0% 0.1014 45 48.60 17.57%
20.0% 0.1164 55.32 62 13.57% 20.0% 0.1469 91 68.37 24.72%
30.0% 0.1846 82.97 117 25.82% 30.0% 0.2124 136 93.46 33.79%
40.0% 0.2621 110.63 167 36.87% 40.0% 0.2853 182 118.21 42.74%
50.0% 0.3524 138.29 221 48.59% 50.0% 0.3657 227 141.80 51.27%
60.0% 0.4645 165.95 270 59.44% 60.0% 0.4709 272 167.41 60.53%
70.0% 0.6073 193.61 314 69.13% 70.0% 0.6244 318 196.49 71.04%
72.5% 0.6503 200.52 324 71.41% 72.5% 0.6702 329 203.63 73.62%
75.0% 0.6958 207.44 335 73.80% 75.0% 0.7225 341 211.12 76.33%
77.5% 0.7459 214.35 345 76.05% 77.5% 0.7702 352 217.37 78.59%
80.0% 0.8034 221.27 362 79.74% 80.0% 0.8072 363 221.71 80.16%
82.5% 0.8686 228.18 374 82.38% 82.5% 0.8728 375 228.60 82.65%
85.0% 0.9432 235.10 386 85.03% 85.0% 0.9424 386 235.02 84.97%
87.5% 1.0297 242.01 393 86.60% 87.5% 1.0529 397 243.62 88.08%
90.0% 1.1360 248.92 407 89.58% 90.0% 1.1795 409 251.39 90.89%
92.5% 1.2634 255.84 412 90.81% 92.5% 1.3710 420 260.91 94.33%
95.0% 1.4194 262.75 423 93.28% 95.0% 1.4941 431 265.16 95.87%
97.5% 1.7319 269.67 442 97.25% 97.5% 1.7710 443 270.23 97.70%
100.0% 3.2231 276.58 454 100.00% | 100.0% 3.2231 454 276.58 100.00%
WQCV Table -- 100% Imperviousness
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Figure 10. Optimal WQCV Basin Size using WQ-COSM for the MINERAL WELLS AIRPORT TX US

(COOP:415958).
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WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
85.0% 1.0632 1248.64 2,634 88.74% 84.3% 0.8931 2,407 1172.27 | 79.80%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured WQCV [ Captured | Captured | Captured | Captured WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0560 146.90 23 0.81% 10.0% 0.1089 286 273.90 18.65%
20.0% 0.1182 293.79 383 13.42% 20.0% 0.1361 571 331.99 22.60%
30.0% 0.1905 440.69 1,014 35.51% 30.0% 0.1633 857 390.08 26.56%

40.0% 0.2767 587.58 1,348 47.21% 40.0% 0.2210 1,142 494.65 33.67%
50.0% 0.3798 734.48 1,638 57.36% 50.0% 0.3043 1,428 629.21 42.83%
60.0% 0.5041 881.37 1,935 67.78% 60.0% 0.4078 1,713 770.74 52.47%
70.0% 0.6684 1028.27 2,187 76.60% 70.0% 0.5392 1,999 915.63 62.33%
72.5% 0.7186 1064.99 2,241 78.48% 72.5% 0.5808 2,070 954.93 65.01%
75.0% 0.7715 1101.71 2,293 80.33% 75.0% 0.6322 2,141 998.73 67.99%
77.5% 0.8318 1138.44 2,348 82.24% 77.5% 0.6910 2,213 1045.49 | 71.17%
80.0% 0.8986 1175.16 2,412 84.48% 80.0% 0.7615 2,284 1095.25 | 74.56%
82.5% 0.9743 1211.89 2,476 86.73% 82.5% 0.8399 2,355 1143.37 | 77.84%
85.0% 1.0631 1248.61 2,533 88.74% 85.0% 0.9138 2,427 1183.21 80.55%
87.5% 1.1677 1285.33 2,589 90.69% 87.5% 1.0044 2,498 1225.22 | 83.41%
90.0% 1.2942 1322.06 2,641 92.49% 90.0% 1.1299 2,570 1272.83 | 86.65%
92.5% 1.4537 1358.78 2,690 94.23% 92.5% 1.2947 2,641 1322.19 | 90.01%
95.0% 1.6727 1395.50 2,741 96.02% 95.0% 1.5285 2,712 1372.86 | 93.46%
97.5% 2.0243 1432.23 2,794 97.85% 97.5% 1.9536 2,784 1426.55 | 97.11%
100.0% 3.6574 1468.95 2,855 100.00% | 100.0% 3.6574 2,855 1468.95 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 11. Optimal WQCV Basin Size using WQ-COSM for the NAVARRO MILLS DAM TX US
(COOP:416210).
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WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
85.8% 1.0632 803.57 1,780 89.83% 85.7% 0.8931 1,699 755.19 80.59%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0539 93.71 0 0.00% 10.0% 0.1101 198 182.84 19.51%
20.0% 0.1134 187.42 224 11.31% 20.0% 0.1352 396 217.75 23.24%
30.0% 0.1831 281.14 711 35.91% 30.0% 0.1603 594 252.66 26.96%
40.0% 0.2674 374.85 957 48.29% 40.0% 0.2100 792 311.65 33.26%
50.0% 0.3690 468.56 1,174 59.24% 50.0% 0.2824 991 389.33 41.55%

60.0% 0.4931 562.27 1,376 69.44% 60.0% 0.3773 1,189 475.30 50.72%
70.0% 0.6530 655.99 1,536 77.55% 70.0% 0.5006 1,387 567.60 60.57%
72.5% 0.7007 679.41 1,577 79.60% 72.5% 0.5473 1,436 596.80 63.68%
75.0% 0.7532 702.84 1,615 81.53% 75.0% 0.5994 1,486 627.90 67.00%
77.5% 0.8122 726.27 1,654 83.47% 77.5% 0.6520 1,535 655.48 69.95%
80.0% 0.8766 749.70 1,691 85.34% 80.0% 0.7117 1,585 684.32 73.02%
82.5% 0.9489 773.13 1,725 87.07% 82.5% 0.7818 1,634 714.57 76.25%
85.0% 1.0335 796.55 1,764 89.03% 85.0% 0.8627 1,684 745.07 79.51%
87.5% 1.1382 819.98 1,814 91.58% 87.5% 0.9678 1,733 778.51 83.07%
90.0% 1.2698 843.41 1,852 93.47% 90.0% 1.0696 1,783 805.08 85.91%
92.5% 1.4451 866.84 1,891 95.45% 92.5% 1.1866 1,832 829.50 88.52%
95.0% 1.6939 890.27 1,918 96.84% 95.0% 1.4007 1,882 861.46 91.93%
97.5% 2.1067 913.69 1,948 98.33% 97.5% 1.8231 1,931 899.23 95.96%
100.0% 3.8275 937.12 1,981 100.00% | 100.0% 3.8275 1,981 937.12 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 12. Optimal WQCV Basin Size using WQ-COSM for the SPRINGTOWN 4 S TX US
(COOP:418563).
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WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
84.9% 0.9330 874.82 1,912 87.36% 85.4% 0.8639 1,868 850.58 82.52%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0520 103.07 2 0.10% 10.0% 0.0974 219 185.96 18.04%
20.0% 0.1090 206.15 308 14.06% 20.0% 0.1261 438 235.72 22.87%
30.0% 0.1740 309.22 681 31.11% 30.0% 0.1682 656 300.74 29.18%
40.0% 0.2502 412.29 983 44.95% 40.0% 0.2216 875 376.16 36.49%

50.0% 0.3409 515.37 1,233 56.36% 50.0% 0.2812 1,094 450.67 43.72%
60.0% 0.4549 618.44 1,440 65.84% 60.0% 0.3824 1,313 555.04 53.85%
70.0% 0.5993 721.52 1,637 74.81% 70.0% 0.5151 1,532 664.75 64.49%
72.5% 0.6422 747.28 1,683 76.93% 72.5% 0.5557 1,586 693.74 67.31%
75.0% 0.6883 773.05 1,729 79.03% 75.0% 0.6030 1,641 723.84 70.23%
77.5% 0.7405 798.82 1,787 81.68% 77.5% 0.6547 1,696 754.28 73.18%
80.0% 0.7984 824.59 1,829 83.59% 80.0% 0.7076 1,750 782.72 75.94%
82.5% 0.8633 850.36 1,867 85.33% 82.5% 0.7567 1,805 806.75 78.27%
85.0% 0.9370 876.13 1,914 87.48% 85.0% 0.8520 1,860 846.16 82.09%
87.5% 1.0221 901.89 1,956 89.39% 87.5% 0.9378 1,915 876.40 85.03%
90.0% 1.1276 927.66 2,010 91.85% 90.0% 1.0482 1,969 908.93 88.18%
92.5% 1.2610 953.43 2,046 93.52% 92.5% 1.1877 2,024 939.98 91.20%
95.0% 1.4416 979.20 2,093 95.65% 95.0% 1.3768 2,079 971.14 94.22%
97.5% 1.7210 1004.97 2,129 97.32% 97.5% 1.7505 2,133 1006.94 | 97.69%
100.0% 3.2481 1030.74 2,188 100.00% | 100.0% 3.2481 2,188 1030.74 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 13. Optimal WQCV Basin Size using WQ-COSM for the STEPHENVILLE 9 NNE TX US
(COOP:418623).
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WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
87.7% 1.0632 1402.55 2,975 90.19% 88.7% 0.9781 2,924 1367.22 | 85.52%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured WQCV [ Captured | Captured | Captured | Captured WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0522 159.87 49 1.49% 10.0% 0.1065 330 313.73 19.62%
20.0% 0.1089 319.74 358 10.86% 20.0% 0.1347 660 383.75 24.00%
30.0% 0.1741 479.61 1,094 33.17% 30.0% 0.1630 989 453.78 28.38%

40.0% 0.2523 639.48 1,506 45.65% 40.0% 0.2169 1,319 567.10 35.47%
50.0% 0.3452 799.35 1,820 55.19% 50.0% 0.2936 1,649 711.74 44.52%
60.0% 0.4598 959.22 2,165 65.64% 60.0% 0.3945 1,979 871.63 54.52%
70.0% 0.6043 1119.10 2,466 74.76% 70.0% 0.5193 2,309 1030.80 | 64.48%
72.5% 0.6486 1159.06 2,544 77.13% 72.5% 0.5637 2,391 1077.59 | 67.40%
75.0% 0.6955 1199.03 2,621 79.48% 75.0% 0.6087 2,474 1123.06 | 70.25%
77.5% 0.7489 1239.00 2,697 81.79% 77.5% 0.6555 2,556 1165.24 | 72.89%
80.0% 0.8100 1278.97 2,777 84.20% 80.0% 0.7074 2,638 1207.97 | 75.56%
82.5% 0.8792 1318.93 2,852 86.46% 82.5% 0.7654 2,721 1251.34 | 78.27%
85.0% 0.9595 1358.90 2,913 88.32% 85.0% 0.8309 2,803 1291.93 | 80.81%
87.5% 1.0536 1398.87 2,969 90.02% 87.5% 0.9207 2,886 1340.48 | 83.85%
90.0% 1.1688 1438.84 3,041 92.19% 90.0% 1.0523 2,968 1398.36 | 87.47%
92.5% 1.3232 1478.80 3,106 94.18% 92.5% 1.1842 3,051 1443.71 90.31%
95.0% 1.5416 1518.77 3,171 96.15% 95.0% 1.3990 3,133 1494.40 | 93.48%
97.5% 1.9007 1558.74 3,233 98.02% 97.5% 1.7950 3,216 1549.51 96.92%
100.0% 4.0827 1598.71 3,298 100.00% | 100.0% 4.0827 3,298 1598.71 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 14. Optimal WQCV Basin Size using WQ-COSM for the WEATHERFORD TX US
(COOP:419532).
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WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
86.1% 0.9808 1361.45 2,938 88.48% 84.5% 0.8355 2,805 1285.85 | 81.28%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured WQCV [ Captured | Captured | Captured | Captured WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0527 158.19 11 0.33% 10.0% 0.1005 332 289.67 18.31%
20.0% 0.1108 316.38 450 13.56% 20.0% 0.1296 664 364.70 23.05%
30.0% 0.1773 474.57 1,029 31.00% 30.0% 0.1716 996 462.16 29.22%

40.0% 0.2551 632.76 1,441 43.41% 40.0% 0.2311 1,328 587.54 37.14%
50.0% 0.3461 790.95 1,826 55.00% 50.0% 0.3037 1,660 721.20 45.59%
60.0% 0.4568 949.15 2,155 64.90% 60.0% 0.3983 1,992 869.39 54.96%
70.0% 0.5984 1107.34 2,467 74.32% 70.0% 0.5236 2,324 1029.85 | 65.10%
72.5% 0.6419 1146.88 2,549 76.79% 72.5% 0.5667 2,407 1076.09 | 68.02%
75.0% 0.6904 1186.43 2,623 79.00% 75.0% 0.6104 2,490 1118.20 | 70.69%
77.5% 0.7430 1225.98 2,694 81.15% 77.5% 0.6546 2,573 1158.31 73.22%
80.0% 0.8012 1265.53 2,768 83.38% 80.0% 0.7143 2,656 1205.17 | 76.18%
82.5% 0.8679 1305.07 2,840 85.54% 82.5% 0.7781 2,739 1249.94 | 79.01%
85.0% 0.9434 1344.62 2,903 87.44% 85.0% 0.8513 2,822 1295.23 | 81.88%
87.5% 1.0338 1384.17 2,980 89.75% 87.5% 0.9456 2,905 1345.68 | 85.07%
90.0% 1.1426 1423.72 3,037 91.49% 90.0% 1.0496 2,988 1390.28 | 87.89%
92.5% 1.2809 1463.27 3,111 93.69% 92.5% 1.2013 3,071 1441.92 | 91.15%
95.0% 1.4686 1502.81 3,167 95.38% 95.0% 1.4115 3,154 1491.91 94.31%
97.5% 1.7740 1542.36 3,249 97.87% 97.5% 1.6969 3,237 1535.02 | 97.04%
100.0% 3.3420 1581.91 3,320 100.00% | 100.0% 3.3420 3,320 1581.91 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 15. Optimal WQCV Basin Size using WQ-COSM for the ALVORD 3 N TX US (COOP:410206).
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WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
84.4% 0.9968 1149.07 2,359 87.40% 83.0% 0.8373 2,241 1074.57 | 78.91%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured WQCV [ Captured | Captured | Captured | Captured WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0554 136.17 17 0.64% 10.0% 0.1058 270 249.18 18.30%
20.0% 0.1172 272.34 377 13.96% 20.0% 0.1345 540 307.73 22.60%
30.0% 0.1888 408.52 901 33.39% 30.0% 0.1677 810 372.57 27.36%

40.0% 0.2731 544.69 1,216 45.04% 40.0% 0.2299 1,080 478.75 35.16%
50.0% 0.3726 680.86 1,496 55.42% 50.0% 0.3206 1,350 614.38 45.12%
60.0% 0.4937 817.03 1,786 66.16% 60.0% 0.4200 1,619 737.75 54.18%
70.0% 0.6488 953.20 2,023 74.95% 70.0% 0.5506 1,889 871.20 63.98%
72.5% 0.6953 987.25 2,083 77.18% 72.5% 0.5986 1,957 912.31 67.00%
75.0% 0.7460 1021.29 2,146 79.52% 75.0% 0.6497 2,024 9563.92 70.05%
77.5% 0.8012 1055.33 2,211 81.92% 77.5% 0.7020 2,092 992.15 72.86%
80.0% 0.8650 1089.38 2,263 83.85% 80.0% 0.7569 2,159 1028.06 | 75.50%
82.5% 0.9365 1123.42 2,317 85.84% 82.5% 0.8203 2,227 1065.52 | 78.25%
85.0% 1.0174 1157.46 2,373 87.92% 85.0% 0.9057 2,294 1109.13 | 81.45%
87.5% 1.1118 1191.50 2,430 90.05% 87.5% 1.0006 2,362 1150.64 | 84.50%
90.0% 1.2279 1225.55 2,476 91.74% 90.0% 1.1097 2,429 1190.78 | 87.45%
92.5% 1.3704 1259.59 2,524 93.51% 92.5% 1.2844 2,497 1240.10 | 91.07%
95.0% 1.5682 1293.63 2,580 95.58% 95.0% 1.5103 2,564 1285.07 | 94.37%
97.5% 1.8894 1327.68 2,639 97.76% 97.5% 1.8233 2,632 1322.50 | 97.12%
100.0% 3.1896 1361.72 2,699 100.00% | 100.0% 3.1896 2,699 1361.72 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 16. Optimal WQCV Basin Size using WQ-COSM for the BARDWELL DAM TX US
(COOP:410518).
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WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
86.2% 1.0406 1335.45 2,380 86.43% 84.3% 0.9635 2,320 1298.78 | 83.80%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured WQCV [ Captured | Captured | Captured | Captured WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0566 154.98 65 2.35% 10.0% 0.1040 275 276.30 17.83%
20.0% 0.1179 309.96 372 13.52% 20.0% 0.1436 5571 371.97 24.00%
30.0% 0.1875 464.94 786 28.53% 30.0% 0.1958 826 481.80 31.09%

40.0% 0.2694 619.92 1,133 41.15% 40.0% 0.2605 1,101 604.40 39.00%
50.0% 0.3667 774.90 1,434 52.10% 50.0% 0.3462 1,377 744.07 48.01%
60.0% 0.4870 929.87 1,717 62.38% 60.0% 0.4572 1,652 895.78 57.80%
70.0% 0.6442 1084.85 1,990 72.28% 70.0% 0.6029 1,927 1048.55 | 67.66%
72.5% 0.6904 1123.60 2,060 74.82% 72.5% 0.6482 1,996 1088.20 | 70.22%
75.0% 0.7418 1162.34 2,112 76.71% 75.0% 0.6936 2,065 1126.27 | 72.67%
77.5% 0.7968 1201.09 2,172 78.89% 77.5% 0.7642 2,134 1179.07 | 76.08%
80.0% 0.8569 1239.83 2,240 81.38% 80.0% 0.8220 2,202 1217.61 78.57%
82.5% 0.9239 1278.58 2,288 83.12% 82.5% 0.9001 2,271 1264.79 | 81.61%
85.0% 1.0000 1317.32 2,349 85.34% 85.0% 0.9885 2,340 1311.45 | 84.62%
87.5% 1.0887 1356.07 2,415 87.73% 87.5% 1.0803 2,409 1352.96 | 87.30%
90.0% 1.1986 1394.81 2,485 90.27% 90.0% 1.1812 2,478 1389.19 | 89.64%
92.5% 1.3375 1433.56 2,557 92.89% 92.5% 1.3096 2,547 1427.09 | 92.08%
95.0% 1.5332 1472.30 2,621 95.19% 95.0% 1.5148 2,615 1469.14 | 94.80%
97.5% 1.8631 1511.05 2,680 97.36% 97.5% 1.8866 2,684 1512.97 | 97.62%
100.0% 3.5458 1549.79 2,753 100.00% | 100.0% 3.5458 2,753 1549.79 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 17. Optimal WQCV Basin Size using WQ-COSM for the BENBROOK DAM TX US
(COOP:410691).
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WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume

Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
83.2% 0.8931 704.16 1,758 88.52% 86.2% 0.8080 1,713 678.71 80.22%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0492 84.60 0 0.00% 10.0% 0.1073 199 175.39 20.73%
20.0% 0.1026 169.21 157 7.88% 20.0% 0.1296 397 204.59 24.18%
30.0% 0.1672 253.81 732 36.86% 30.0% 0.1519 596 233.79 27.63%
40.0% 0.2457 338.42 983 49.48% 40.0% 0.1823 794 270.72 32.00%
50.0% 0.3376 423.02 1,169 58.86% 50.0% 0.2491 993 342.12 40.44%

60.0% 0.4496 507.62 1,362 68.56% 60.0% 0.3504 1,192 433.34 51.22%
70.0% 0.5939 592.23 1,558 78.46% 70.0% 0.4667 1,390 518.84 61.33%
72.5% 0.6400 613.38 1,592 80.16% 72.5% 0.4965 1,440 538.28 63.62%
75.0% 0.6873 634.53 1,626 81.89% 75.0% 0.5336 1,490 559.82 66.17%
77.5% 0.7418 655.68 1,668 83.98% 77.5% 0.5771 1,539 583.21 68.93%
80.0% 0.8023 676.83 1,709 86.05% 80.0% 0.6355 1,589 611.36 72.26%
82.5% 0.8705 697.98 1,748 88.01% 82.5% 0.7033 1,638 640.73 75.73%
85.0% 0.9497 719.14 1,783 89.78% 85.0% 0.7689 1,688 665.98 78.72%
87.5% 1.0422 740.29 1,820 91.66% 87.5% 0.8486 1,738 691.88 81.78%
90.0% 1.1560 761.44 1,854 93.35% 90.0% 0.9602 1,787 721.63 85.29%
92.5% 1.3021 782.59 1,884 94.88% 92.5% 1.0912 1,837 750.00 88.65%
95.0% 1.5004 803.74 1,912 96.27% 95.0% 1.3165 1,887 784.34 92.71%
97.5% 1.8164 824.89 1,949 98.13% 97.5% 1.6658 1,936 816.82 96.55%
100.0% 3.3172 846.04 1,986 100.00% | 100.0% 3.3172 1,986 846.04 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 18. Optimal WQCV Basin Size using WQ-COSM for the BURLESON TX US (COOP:411246).
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WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
85.9% 1.0964 1758.82 3,246 88.42% 88.4% 1.0964 3,246 1758.82 | 85.89%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0590 204.78 392 10.66% 10.0% 0.0553 367 192.02 9.38%
20.0% 0.1242 409.57 822 22.39% 20.0% 0.1109 734 371.12 18.12%

30.0% 0.1990 614.35 1,277 34.80% 30.0% 0.1667 1,101 531.98 25.98%
40.0% 0.2872 819.14 1,691 46.08% 40.0% 0.2370 1,468 706.40 34.49%
50.0% 0.3928 1023.92 2,054 55.94% 50.0% 0.3250 1,836 896.84 43.79%
60.0% 0.5193 1228.71 2,389 65.08% 60.0% 0.4459 2,203 1115.77 | 54.49%
70.0% 0.6807 1433.49 2,718 74.05% 70.0% 0.6102 2,570 1352.16 | 66.03%
72.5% 0.7293 1484.69 2,805 76.42% 72.5% 0.6538 2,661 1402.77 | 68.50%
75.0% 0.7812 1535.89 2,885 78.60% 75.0% 0.6971 2,753 1452.27 | 70.92%
77.5% 0.8401 1587.08 2,965 80.77% 77.5% 0.7550 2,845 1510.06 | 73.74%
80.0% 0.9047 1638.28 3,051 83.11% 80.0% 0.8188 2,937 1568.91 76.61%
82.5% 0.9779 1689.47 3,143 85.61% 82.5% 0.8880 3,029 1626.29 | 79.41%
85.0% 1.0623 1740.67 3,213 87.53% 85.0% 0.9562 3,120 1675.24 | 81.80%
87.5% 1.1623 1791.87 3,301 89.92% 87.5% 1.0611 3,212 1740.01 84.97%
90.0% 1.2864 1843.06 3,373 91.87% 90.0% 1.1671 3,304 1794.01 87.60%
92.5% 1.4417 1894.26 3,441 93.74% 92.5% 1.3329 3,396 1859.86 | 90.82%
95.0% 1.6513 1945.45 3,514 95.74% 95.0% 1.5615 3,487 1925.74 | 94.04%
97.5% 1.9910 1996.65 3,585 97.66% 97.5% 1.9584 3,579 1993.02 | 97.32%
100.0% 4.2103 2047.85 3,671 100.00% | 100.0% 4.2103 3,671 2047.85 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 19. Optimal WQCV Basin Size using WQ-COSM for the COMMERCE 4 SW TX US
(COOP:411921).
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Optimized Values:

WQCV Table -- 100% Imperviousness

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume

Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured

(%) (in) (in) (%) (%) (in) (%) (%)

86.6% 1.0286 1415.38 2,926 89.56% 87.6% 0.9525 2,862 1381.09 | 84.46%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured WQCV [ Captured | Captured | Captured | Captured WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0532 163.52 35 1.07% 10.0% 0.1025 327 303.10 18.54%
20.0% 0.1117 327.03 423 12.94% 20.0% 0.1336 653 384.45 23.51%
30.0% 0.1783 490.55 1,001 30.65% 30.0% 0.1746 980 482.50 29.51%

40.0% 0.2567 654.06 1,412 43.22% 40.0% 0.2319 1,307 607.07 37.13%

50.0% 0.3499 817.58 1,778 54.44% 50.0% 0.3099 1,634 753.02 46.05%

60.0% 0.4633 981.09 2,117 64.80% 60.0% 0.4061 1,960 902.62 55.20%

70.0% 0.6117 1144.61 2,448 74.94% 70.0% 0.5284 2,287 1058.99 | 64.76%

72.5% 0.6580 1185.49 2,521 7717% 72.5% 0.5694 2,369 1101.74 | 67.38%

75.0% 0.7073 1226.37 2,592 79.34% 75.0% 0.6129 2,450 1145.64 | 70.06%

77.5% 0.7610 1267.25 2,660 81.42% 77.5% 0.6648 2,532 119146 | 72.87%

80.0% 0.8225 1308.13 2,720 83.25% 80.0% 0.7243 2,614 1239.34 | 75.79%

82.5% 0.8909 1349.00 2,798 85.65% 82.5% 0.7973 2,695 1291.39 | 78.98%

85.0% 0.9705 1389.88 2,878 88.10% 85.0% 0.8733 2,777 1338.82 | 81.88%

87.5% 1.0659 1430.76 2,954 90.43% 87.5% 0.9494 2,859 1379.59 | 84.37%

90.0% 1.1875 1471.64 3,018 92.37% 90.0% 1.0474 2,940 1423.13 | 87.03%

92.5% 1.3491 1512.52 3,086 94.46% 92.5% 1.1967 3,022 147443 | 90.17%

95.0% 1.5663 1553.40 3,134 95.92% 95.0% 1.4070 3,104 1524.61 93.24%

97.5% 1.8860 1594.28 3,193 97.72% 97.5% 1.8180 3,185 1587.78 | 97.10%

100.0% 3.6574 1635.16 3,267 100.00% | 100.0% 3.6574 3,267 1635.16 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 20. Optimal WQCV Basin Size using WQ-COSM for the CRESSON TX US (COOP:412096).

23



WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
86.2% 1.0023 973.06 1,587 85.69% 83.6% 0.9281 1,549 947.10 83.94%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0570 112.83 35 1.87% 10.0% 0.1072 185 205.71 18.23%
20.0% 0.1184 225.66 233 12.57% 20.0% 0.1515 370 284.16 25.18%
30.0% 0.1872 338.49 480 25.94% 30.0% 0.2116 556 375.66 33.29%
40.0% 0.2672 451.32 695 37.55% 40.0% 0.2864 741 476.52 42.23%
50.0% 0.3608 564.16 895 48.32% 50.0% 0.3771 926 582.09 51.59%

60.0% 0.4748 676.99 1,086 58.64% 60.0% 0.4919 1,111 692.19 61.35%
70.0% 0.6187 789.82 1,280 69.13% 70.0% 0.6351 1,296 800.69 70.96%
72.5% 0.6612 818.03 1,322 71.39% 72.5% 0.6820 1,343 830.56 73.61%
75.0% 0.7094 846.23 1,370 73.97% 75.0% 0.7284 1,389 857.13 75.97%
77.5% 0.7613 874.44 1,420 76.66% 77.5% 0.7788 1,435 883.04 78.26%
80.0% 0.8190 902.65 1,471 79.42% 80.0% 0.8326 1,482 908.44 80.51%
82.5% 0.8852 930.86 1,523 82.26% 82.5% 0.8908 1,528 933.24 82.71%
85.0% 0.9602 959.07 1,566 84.57% 85.0% 0.9759 1,574 964.42 85.47%
87.5% 1.0467 987.27 1,608 86.81% 87.5% 1.0806 1,621 996.92 88.36%
90.0% 1.1496 1015.48 1,648 88.98% 90.0% 1.1949 1,667 1026.71 91.00%
92.5% 1.2764 1043.69 1,698 91.70% 92.5% 1.3267 1,713 1052.67 | 93.30%
95.0% 1.4589 1071.90 1,749 94.44% 95.0% 1.5018 1,759 1077.02 | 95.45%
97.5% 1.7613 1100.10 1,798 97.08% 97.5% 1.8401 1,806 1104.93 | 97.93%
100.0% 3.3411 1128.31 1,852 100.00% | 100.0% 3.3411 1,852 1128.31 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 21. Optimal WQCV Basin Size using WQ-COSM for the DAL FTW WSCMO AIRPORT TX US
(COOP:412242).
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WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
84.0% 1.0107 1684.25 3,102 86.60% 84.5% 0.9229 3,026 1629.08 | 81.29%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume

Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)

0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0569 200.40 305 8.52% 10.0% 0.0668 358 235.26 11.74%
20.0% 0.1189 400.80 687 19.18% 20.0% 0.1232 716 413.30 20.62%

30.0% 0.1894 601.20 1,155 32.23% 30.0% 0.1747 1,075 565.04 28.20%
40.0% 0.2734 801.60 1,589 44.37% 40.0% 0.2415 1,433 727.92 36.32%
50.0% 0.3750 1002.00 1,963 54.81% 50.0% 0.3246 1,791 906.40 45.23%
60.0% 0.4993 1202.40 2,335 65.17% 60.0% 0.4405 2,149 1115.37 | 55.66%
70.0% 0.6602 1402.81 2,682 74.87% 70.0% 0.5677 2,507 1294.56 | 64.60%
72.5% 0.7073 1452.91 2,759 77.02% 72.5% 0.6104 2,597 1348.24 | 67.28%
75.0% 0.7616 1503.01 2,837 79.20% 75.0% 0.6631 2,687 1405.89 | 70.15%
77.5% 0.8201 1553.11 2,914 81.36% 77.5% 0.7192 2,776 1463.91 73.05%
80.0% 0.8844 1603.21 2,991 83.50% 80.0% 0.7817 2,866 1521.56 | 75.93%
82.5% 0.9589 1653.31 3,059 85.39% 82.5% 0.8536 2,955 1579.55 | 78.82%
85.0% 1.0436 1703.41 3,129 87.35% 85.0% 0.9434 3,045 1642.89 | 81.98%
87.5% 1.1420 1753.51 3,206 89.49% 87.5% 1.0501 3,134 1707.21 85.19%
90.0% 1.2636 1803.61 3,280 91.58% 90.0% 1.1705 3,224 1765.78 | 88.11%
92.5% 1.4147 1853.71 3,355 93.66% 92.5% 1.3234 3,313 1825.24 | 91.08%
95.0% 1.6237 1903.81 3,422 95.54% 95.0% 1.5598 3,403 1890.35 | 94.33%
97.5% 1.9379 1953.91 3,483 97.24% 97.5% 1.9719 3,492 1957.56 | 97.68%
100.0% 3.6035 2004.01 3,582 100.00% | 100.0% 3.6035 3,582 2004.01 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 22. Optimal WQCV Basin Size using WQ-COSM for the DALLAS FAA AIRPORT TX US
(COOP:412244).
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WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
87.3% 1.0566 1475.31 2,878 89.21% 87.1% 0.9720 2,810 1435.97 | 85.01%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured WQCV [ Captured | Captured | Captured | Captured WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0545 168.92 92 2.86% 10.0% 0.1029 323 309.65 18.33%
20.0% 0.1138 337.83 429 13.29% 20.0% 0.1360 645 395.26 23.40%
30.0% 0.1813 506.75 1,031 31.96% 30.0% 0.1692 968 480.98 28.47%

40.0% 0.2615 675.66 1,439 44.60% 40.0% 0.2306 1,290 612.23 36.24%
50.0% 0.3572 844.58 1,761 54.60% 50.0% 0.3109 1,613 765.49 45.32%
60.0% 0.4731 1013.50 2,062 63.91% 60.0% 0.4207 1,936 942.76 55.81%
70.0% 0.6186 1182.41 2,367 73.39% 70.0% 0.5628 2,258 1122.98 | 66.48%
72.5% 0.6620 1224.64 2,447 75.85% 72.5% 0.6030 2,339 1167.21 69.10%
75.0% 0.7111 1266.87 2,524 78.23% 75.0% 0.6470 2,420 1210.04 | 71.64%
77.5% 0.7634 1309.10 2,599 80.57% 77.5% 0.6949 2,500 1253.64 | 74.22%
80.0% 0.8249 1351.33 2,667 82.68% 80.0% 0.7503 2,581 1298.73 | 76.89%
82.5% 0.8936 1393.56 2,738 84.87% 82.5% 0.8196 2,661 1347.69 | 79.78%
85.0% 0.9717 1435.79 2,809 87.08% 85.0% 0.8977 2,742 1395.94 | 82.64%
87.5% 1.0629 1478.01 2,883 89.37% 87.5% 0.9878 2,823 1443.92 | 85.48%
90.0% 1.1738 1520.24 2,955 91.61% 90.0% 1.0891 2,903 1489.19 | 88.16%
92.5% 1.3247 1562.47 3,033 94.00% 92.5% 1.2223 2,984 1535.16 | 90.88%
95.0% 1.5329 1604.70 3,091 95.83% 95.0% 1.4321 3,065 1586.50 | 93.92%
97.5% 1.9102 1646.93 3,156 97.82% 97.5% 1.8287 3,145 1640.01 97.09%
100.0% 4.0572 1689.16 3,226 100.00% | 100.0% 4.0572 3,226 1689.16 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 23. Optimal WQCV Basin Size using WQ-COSM for the DENTON 2 SE TX US (COOP:412404).
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Optimized Values:

WQCV Table -- 100% Imperviousness

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
84.1% 0.9965 1475.66 2,697 86.39% 86.4% 0.9965 2,697 1475.66 | 84.12%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured | WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0582 175.43 281 9.00% 10.0% 0.0647 312 195.01 11.12%
20.0% 0.1216 350.86 615 19.69% 20.0% 0.1233 624 355.21 20.25%
30.0% 0.1930 526.28 992 31.77% 30.0% 0.1803 937 498.82 28.43%

40.0% 0.2766 701.71 1,336 42.81% 40.0% 0.2521 1,249 654.00 37.28%

50.0% 0.3761 877.14 1,654 52.99% 50.0% 0.3466 1,561 830.82 47.36%

60.0% 0.4972 1052.57 1,978 63.36% 60.0% 0.4503 1,873 989.75 56.42%

70.0% 0.6516 1228.00 2,285 73.20% 70.0% 0.5973 2,185 1173.11 66.87%

72.5% 0.6970 1271.85 2,365 75.77% 72.5% 0.6396 2,263 1216.18 | 69.33%

75.0% 0.7500 1315.71 2,441 78.20% 75.0% 0.6829 2,342 1258.65 | 71.75%

77.5% 0.8070 1359.57 2,512 80.47% 77.5% 0.7348 2,420 1303.14 | 74.28%

80.0% 0.8694 1403.42 2,577 82.54% 80.0% 0.7930 2,498 1349.66 | 76.94%

82.5% 0.9425 1447.28 2,651 84.92% 82.5% 0.8681 2,576 1402.68 | 79.96%

85.0% 1.0270 1491.14 2,722 87.18% 85.0% 0.9450 2,654 1448.80 | 82.59%

87.5% 1.1273 1535.00 2,798 89.64% 87.5% 1.0395 2,732 1497.46 | 85.36%

90.0% 1.2509 1578.85 2,856 91.47% 90.0% 1.1508 2,810 1543.69 | 88.00%

92.5% 1.4041 1622.71 2,923 93.62% 92.5% 1.3261 2,888 1601.85 | 91.31%

95.0% 1.6249 1666.57 2,991 95.81% 95.0% 1.5161 2,966 1647.10 | 93.89%

97.5% 1.9942 1710.42 3,052 97.76% 97.5% 1.9348 3,044 1705.10 | 97.20%

100.0% 3.7260 1754.28 3,122 100.00% | 100.0% 3.7260 3,122 1754.28 | 100.00%

% Captured

Figure 24.

WQCV Table -- 100% Imperviousness
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Optimal WQCV Basin Size using WQ-COSM for the FERRIS TX US (COOP:413133).
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Optimized Values:

WQCV Table -- 100% Imperviousness

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume

Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured

(%) (in) (in) (%) (%) (in) (%) (%)

84.9% 0.9525 1441.85 2,934 87.31% 85.6% 0.8763 2,878 1400.38 | 82.41%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0525 169.93 42 1.25% 10.0% 0.1020 336 317.95 18.71%
20.0% 0.1099 339.85 420 12.51% 20.0% 0.1335 672 405.34 23.85%

30.0% 0.1750 509.78 1,004 29.89% 30.0% 0.1756 1,008 511.18 30.08%

40.0% 0.2520 679.70 1,432 42.61% 40.0% 0.2341 1,344 644.61 37.93%

50.0% 0.3449 849.63 1,832 54.51% 50.0% 0.3027 1,680 779.15 45.85%

60.0% 0.4586 1019.56 2,181 64.92% 60.0% 0.4008 2,016 937.57 55.18%

70.0% 0.6045 1189.48 2,494 74.23% 70.0% 0.5321 2,352 1110.69 | 65.36%

72.5% 0.6491 1231.96 2,567 76.39% 72.5% 0.5748 2,436 1157.21 68.10%

75.0% 0.6960 1274.44 2,643 78.65% 75.0% 0.6196 2,520 1204.36 | 70.88%

77.5% 0.7492 1316.93 2,734 81.37% 77.5% 0.6725 2,604 1253.88 | 73.79%

80.0% 0.8100 1359.41 2,813 83.73% 80.0% 0.7224 2,688 1295.51 76.24%

82.5% 0.8789 1401.89 2,880 85.70% 82.5% 0.7754 2,772 1336.10 | 78.63%

85.0% 0.9574 1444.37 2,937 87.40% 85.0% 0.8494 2,856 1384.87 | 81.50%

87.5% 1.0469 1486.85 3,000 89.28% 87.5% 0.9622 2,940 1446.81 85.14%

90.0% 1.1536 1529.33 3,063 91.15% 90.0% 1.0845 3,024 1502.78 | 88.44%

92.5% 1.2856 1571.81 3,131 93.19% 92.5% 1.2406 3,108 1558.39 | 91.71%

95.0% 1.4654 1614.30 3,201 95.28% 95.0% 1.4396 3,192 1609.26 | 94.70%

97.5% 1.7687 1656.78 3,279 97.59% 97.5% 1.7525 3,276 1655.22 | 97.41%

100.0% 3.5050 1699.26 3,360 100.00% | 100.0% 3.5050 3,360 1699.26 | 100.00%

Figure 25.

WQCV Table -- 100% Imperviousness
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Optimal WQCV Basin Size using WQ-COSM for the FORT WORTH MEACHAM FIELD TX
US (COOP:413284).
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WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
86.1% 1.0047 1228.51 2,797 89.09% 85.4% 0.8559 2,682 1158.70 | 81.24%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured WQCV [ Captured | Captured | Captured | Captured WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0514 142.62 6 0.20% 10.0% 0.0998 314 265.01 18.58%
20.0% 0.1086 285.25 419 13.35% 20.0% 0.1259 628 325.35 22.81%
30.0% 0.1751 427.87 1,067 33.99% 30.0% 0.1550 942 389.96 27.34%

40.0% 0.2554 570.50 1,501 47.83% 40.0% 0.2053 1,256 484.90 34.00%
50.0% 0.3513 713.12 1,850 58.93% 50.0% 0.2718 1,570 596.93 41.85%
60.0% 0.4687 855.74 2,158 68.75% 60.0% 0.3617 1,883 727.65 51.02%
70.0% 0.6182 998.37 2,404 76.58% 70.0% 0.4864 2,197 874.42 61.31%
72.5% 0.6618 1034.02 2,456 78.23% 72.5% 0.5223 2,276 912.17 63.96%
75.0% 0.7109 1069.68 2,520 80.28% 75.0% 0.5790 2,354 964.54 67.63%
77.5% 0.7638 1105.33 2,588 82.43% 77.5% 0.6425 2,433 1018.24 | 71.39%
80.0% 0.8226 1140.99 2,654 84.56% 80.0% 0.7042 2,511 1064.96 | 74.67%
82.5% 0.8896 1176.65 2,710 86.34% 82.5% 0.7656 2,590 1106.43 | 77.58%
85.0% 0.9654 1212.30 2,773 88.35% 85.0% 0.8393 2,668 1149.84 | 80.62%
87.5% 1.0537 1247.96 2,824 89.97% 87.5% 0.9335 2,747 1197.38 | 83.95%
90.0% 1.1576 1283.61 2,879 91.70% 90.0% 1.0551 2,825 1248.50 | 87.54%
92.5% 1.2875 1319.27 2,940 93.66% 92.5% 1.2085 2,904 1298.86 | 91.07%
95.0% 1.4669 1354.93 3,005 95.72% 95.0% 1.3956 2,982 1342.26 | 94.11%
97.5% 1.7639 1390.58 3,070 97.80% 97.5% 1.7145 3,061 1386.27 | 97.20%
100.0% 3.6468 1426.24 3,139 100.00% | 100.0% 3.6468 3,139 1426.24 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 26. Optimal WQCV Basin Size using WQ-COSM for the FORT WORTH WSFO TX US
(COOP:413285).
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Optimized Values:

WQCV Table -- 100% Imperviousness

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
85.8% 1.1004 1156.85 1,944 87.29% 87.3% 1.1004 1,944 1156.85 | 85.83%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0604 134.78 69 3.09% 10.0% 0.1079 223 233.77 17.34%
20.0% 0.1261 269.56 312 14.02% 20.0% 0.1531 445 322.71 23.94%
30.0% 0.2000 404.33 631 28.35% 30.0% 0.2099 668 421.00 31.24%
40.0% 0.2862 539.11 905 40.63% 40.0% 0.2808 891 531.33 39.42%

50.0% 0.3877 673.89 1,134 50.90% 50.0% 0.3779 1,114 661.44 49.08%

60.0% 0.5131 808.67 1,389 62.39% 60.0% 0.4802 1,336 777.01 57.65%

70.0% 0.6757 943.45 1,603 71.96% 70.0% 0.6410 1,559 918.00 68.11%

72.5% 0.7238 977.14 1,663 74.66% 72.5% 0.6853 1,615 950.16 70.50%

75.0% 0.7781 1010.84 1,718 77.15% 75.0% 0.7298 1,670 981.37 72.81%

77.5% 0.8369 1044.53 1,772 79.59% 77.5% 0.7862 1,726 1015.72 | 75.36%

80.0% 0.9025 1078.23 1,827 82.05% 80.0% 0.8477 1,782 1050.16 | 77.92%

82.5% 0.9786 1111.92 1,881 84.47% 82.5% 0.9167 1,837 1084.50 | 80.47%

85.0% 1.0673 1145.62 1,929 86.60% 85.0% 1.0003 1,893 1120.24 | 83.12%

87.5% 1.1706 1179.31 1,976 88.73% 87.5% 1.1103 1,949 1160.21 86.08%

90.0% 1.2973 1213.00 2,035 91.37% 90.0% 1.2338 2,004 1197.37 | 88.84%

92.5% 1.4669 1246.70 2,084 93.57% 92.5% 1.3731 2,060 1229.23 | 91.20%

95.0% 1.6977 1280.39 2,125 95.41% 95.0% 1.6406 2,116 1273.21 94.47%

97.5% 2.0734 1314.09 2,170 97.43% 97.5% 2.1056 2,171 1316.34 | 97.67%

100.0% 3.9941 1347.78 2,227 100.00% | 100.0% 3.9941 2,227 1347.78 | 100.00%

% Captured

Figure 27.

WQCV Table -- 100% Imperviousness
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Optimal WQCV Basin Size using WQ-COSM for the FRISCO TX US (COOP:413370).
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WQCV Table -- 100% Imperviousness

Optimized Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
85.7% 0.9923 1384.54 2,979 88.28% 86.7% 0.9129 2,924 1344.59 | 83.18%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0523 161.65 29 0.86% 10.0% 0.1049 337 310.18 19.19%
20.0% 0.1100 323.29 397 11.75% 20.0% 0.1342 675 384.94 23.81%

30.0% 0.1764 484.94 1,063 31.51% 30.0% 0.1680 1,012 466.95 28.89%
40.0% 0.2552 646.59 1,505 44.60% 40.0% 0.2241 1,350 586.05 36.25%
50.0% 0.3494 808.24 1,881 55.75% 50.0% 0.2990 1,687 725.50 44.88%
60.0% 0.4638 969.88 2,244 66.50% 60.0% 0.3886 2,024 868.88 53.75%
70.0% 0.6132 1131.53 2,561 75.90% 70.0% 0.5120 2,362 1026.74 | 63.52%
72.5% 0.6584 1171.94 2,630 77.95% 72.5% 0.5484 2,446 1067.90 | 66.06%
75.0% 0.7073 1212.35 2,697 79.94% 75.0% 0.5954 2,531 1114.39 | 68.94%
77.5% 0.7630 1252.77 2,769 82.06% 77.5% 0.6474 2,615 1162.80 | 71.93%
80.0% 0.8240 1293.18 2,840 84.18% 80.0% 0.7088 2,699 1213.56 | 75.07%
82.5% 0.8923 1333.59 2,908 86.19% 82.5% 0.7746 2,784 1261.04 | 78.01%
85.0% 0.9700 1374.00 2,965 87.89% 85.0% 0.8498 2,868 1309.01 80.98%
87.5% 1.0591 1414.41 3,024 89.64% 87.5% 0.9491 2,952 1363.92 | 84.38%
90.0% 1.1661 1454.82 3,105 92.03% 90.0% 1.0736 3,037 1420.40 | 87.87%
92.5% 1.3079 1495.24 3,174 94.07% 92.5% 1.1892 3,121 1462.81 90.49%
95.0% 1.5025 1535.65 3,234 95.86% 95.0% 1.3981 3,205 1515.64 | 93.76%
97.5% 1.8067 1576.06 3,296 97.68% 97.5% 1.7729 3,290 1572.68 | 97.29%
100.0% 3.7311 1616.47 3,374 100.00% | 100.0% 3.7311 3,374 1616.47 | 100.00%

WQCV Table -- 100% Imperviousness
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Figure 28. Optimal WQCV Basin Size using WQ-COSM for the GRAPEVINE DAM TX US
(COOP:413691).
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Optimized Values:

WQCV Table -- 100% Imperviousness

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured [ WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
86.2% 1.0676 1335.56 2,991 90.42% 86.7% 0.8968 2,867 1259.82 | 81.34%

Incremental WQCV Values:

WQCV Based on Runoff Volume Captured WQCV Based on Storm Events Captured
Percent of Number of | Percent of | Percent of Number of Percent of
Volume Volume Storms Storms Storms Storms Volume Volume
Captured | WQCV | Captured | Captured | Captured | Captured | WQCV | Captured | Captured | Captured
(%) (in) (in) (%) (%) (in) (%) (%)
0.0% 0.0000 0.00 0 0.00% 0.0% 0.0000 0 0.00 0.00%
10.0% 0.0524 154.89 26 0.78% 10.0% 0.1076 331 303.84 19.62%
20.0% 0.1102 309.78 364 11.01% 20.0% 0.1331 662 362.89 23.43%
30.0% 0.1783 464.67 1,191 35.99% 30.0% 0.1585 992 421.93 27.24%

40.0% 0.2600 619.55 1,608 48.59% 40.0% 0.2039 1,323 513.60 33.16%

50.0% 0.3599 774.44 1,952 59.00% 50.0% 0.2730 1,654 640.26 41.34%

60.0% 0.4818 929.33 2,264 68.45% 60.0% 0.3716 1,985 790.24 51.02%

70.0% 0.6358 1084.22 2,546 76.97% 70.0% 0.5047 2,316 956.11 61.73%

72.5% 0.6812 1122.94 2,610 78.90% 72.5% 0.5473 2,398 1000.62 | 64.60%

75.0% 0.7350 1161.67 2,689 81.28% 75.0% 0.5915 2,481 1045.45 | 67.50%

77.5% 0.7928 1200.39 2,765 83.57% 77.5% 0.6482 2,564 1094.81 70.68%

80.0% 0.8572 1239.11 2,834 85.69% 80.0% 0.7061 2,646 1141.02 | 73.67%

82.5% 0.9313 1277.83 2,894 87.50% 82.5% 0.7626 2,729 1181.44 | 76.28%

85.0% 1.0184 1316.55 2,962 89.54% 85.0% 0.8357 2,812 1226.40 | 79.18%

87.5% 1.1214 1355.28 3,020 91.30% 87.5% 0.9315 2,895 1277.92 | 82.51%

90.0% 1.2480 1394.00 3,079 93.08% 90.0% 1.0431 2,977 1326.27 | 85.63%

92.5% 1.4103 1432.72 3,139 94.90% 92.5% 1.2045 3,060 1381.77 | 89.21%

95.0% 1.6412 1471.44 3,198 96.67% 95.0% 1.4189 3,143 1434.44 | 92.61%

97.5% 2.0269 1510.17 3,247 98.15% 97.5% 1.8395 3,225 1493.84 | 96.45%

100.0% 4.0143 1548.89 3,308 100.00% | 100.0% 4.0143 3,308 1548.89 | 100.00%

% Captured

Figure 29.

WQCV Table -- 100% Imperviousness
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Optimal WQCV Basin Size using WQ-COSM for the JUSTIN TX US (COOP:414679).
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Appendix B
Re-calculated 85'"-percentile Storm Depth

The 85™-percentile 24-hour storm depths re-calculated for the NCDC stations shown in Figure 2 using continuous
rainfall data are summarized in Table 2.

Table 2. 85t™"-percentile Storm Depth based on NCDC Continuous Rainfall Data.

85th-pct
Station Name Start Date Storm Depth
(inches)
COOP:412404 DENTON 2 SE TX US 8/29/1946 12/21/2013 1.26
COOP:411921 COMMERCE 4 SW TX US 8/13/1948 12/21/2013 1.33
COOP:411246 BURLESON TX US 12/1/1982 12/21/2013 1.30
COOP:410691 BENBROOK DAM TX US 6/1/1949 12/21/2013 1.25
CO0OP:413370 FRISCO TX US 10/1/1966 12/21/2013 1.30
COOP:412096 CRESSON TX US 9/25/1946 12/21/2013  1.20
CO0OP:413284 FORT WORTH MEACHAM FIELD TX US 1/6/1940 12/29/2013 1.20
CO0OP:413285 FORT WORTH WSFO TX US 5/10/1948 1/1/2014 1.30
CO0OP:412242 DAL FTW WSCMO AIRPORT TX US 2/1/1974 12/29/2013 1.20
CO0OP:413133 FERRIS TX US 7/1/1946 12/20/2013 1.30
COOP:410518 BARDWELL DAM TX US 4/1/1965 12/21/2013 1.30
COOP:412244 DALLAS FAA AIRPORT TX US 11/4/1940 12/21/2013 1.30
COOP:410206 ALVORD 3 N TX US 4/8/1942 12/21/2013  1.23
COOP:415958 MINERAL WELLS AIRPORT TX US 3/18/1948 12/29/2013 1.20
COOP:415957 MINERAL WELLS 1 SSW TX US 3/1/1952 12/21/2013 1.30
CO0OP:415192 LEWISVILLE DAM TX US 7/1/1949 1/1/2014 1.28
COOP:415094 LAVON DAM TX US 7/1/1949 1/1/2014 1.30
COOP:413691 GRAPEVINE DAM TX US 6/1/1949 1/1/2014 1.30
CO0OP:416210 NAVARRO MILLS DAM TX US 8/1/1962 12/21/2013 1.30
COO0OP:418563 SPRINGTOWN 4 S TX US 11/1/1977 12/21/2013 1.30
COOP:415897 MIDLOTHIAN TX US 1/1/1974 12/21/2013 1.40
CO0OP:418623 STEPHENVILLE 9 NNE TX US 7/15/1940 12/21/2013 1.20
CO0OP:414972 LAKE BRIDGEPORT DAM TX US 8/1/1946 12/21/2013 1.20
COOP:415766 MCKINNEY MUNICIPAL AIRPORT TX US 4/1/1957 1/1/2014 1.97
COOP:414679 JUSTIN TX US 1/1/1954 12/21/2013 1.30
COO0OP:419532 WEATHERFORD TX US 10/1/1947 12/21/2013 1.20
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This 5-Year Outreach and Implementation Strategy Plan is a result of a collaboration between the North
Central Texas Council of Governments (NCTCOG), consultants, and the iISWM Implementation
Subcommittee with the intent to:

® |ncrease awareness of iSWM and iSWM principals.

e |dentify key levels (staff, leadership, elected officials) that need to be engaged and with what
level of frequency.

e Refine the vision and messaging plan to be implemented over the next 5 years.

In order to achieve these goals, the implementation plan outlines specific tasks in the attempt to reach
target audiences in multiple ways at different times to influence decision makers at Cities in North Texas
primarily through staff, elected and appointed officials, and the real estate development community.

The implementation plan has specific tasks separated into four key categories: iSWM Promotion,
Community Engagement, Technical Support and Training, and Technical Content. An overview of each
category and their potential tasks are discussed in the following sections.



The purpose of the tasks within this category is to enhance iSWM marketing content to be used during
community engagement to explain the environmental, economic, and community benefits of
implementing and utilizing iISWM. These tools include case studies, videos, website enhancements, and
visuals so that all members of the community can understand importance and purpose of the iSWM

program.

Task

Implementation
Timeline

Short Term | Long Term

Enhanced iSWM case studies with video and supporting
documentation.

|

2 | Promotion of the economic benefits of iISWM implementation.

|

Update website to focus content on different audience types:
general public, city staff, private developers, etc.

Add images and visual cues to help people navigate website
certification guidance page.




COMMUNITY ENGAGEMENT

The purpose of the tasks within this category is to gain awareness, energy, and involvement in the iSWM
program throughout the DFW area. Through this engagement, the intent and purpose of the iSWM
program should be understood by not only designers, city staff, and contractors, but by the general
public, elected officials, real estate and development community, etc. The ultimate intent of these tasks
is increase participation of communities within the North Texas Region.

Implementation
Task Timeline

Short Term | Long Term

Community Engagement

5 | Host educational webinar for developers. EI

6 Promote developer-submitted best practices videos of recent IZI
projects.

7 Best practices events promoting projects through industry and |Zl
interest groups: ULI, TREC, AIA, APA, ASLA, USGBC, GDPC, CNU, DBA

3 Targeted education for council members within watershed IZI
management planning areas with at risk and impacted waterbodies.

9 Develop outreach plan for regional school districts for education and |Zl
implementation.

10 Develop outreach plan for regional non-profit groups education, |ZI
implementation, and PPP opportunities discussion and identification.

11 | Develop training session for City Council retreats. IZI

Stormwater Awards Program with press releases and engaging |Zl
project narrative.

Develop Real Estate Community Task Force as a subgroup within the
13 | iISWM subcommittee to guide creation of iISWM Adoption Best |Zl
Practices Handbook

12




TECHNICAL SUPPORT & TRAINING

The purpose of the tasks within this category is to engage with communities interested in or involved
with the iSWM program so they have the support, training, and assistance they need to understand and
implement the iSWM program.

Implementation
Task Timeline
Short Term | Long Term
Technical Support and Training
14 | New iSWM Implementation Approach Training IZI
15 Continue iSWM Implementation Training for communities interested IZ[
in implementing iSWM
16 Outreach and education for communities within watershed IZ[
management plan areas
Encourage participation and use of Site Development Controls
17 | manual and increase in water quality criteria standards throughout IZI
the region.
Provide technical assistance to the design and construction of
18 . ) . v
selected BMP devices to be used as a demonstration project
19 Develop a comprehensive list of requirements and staff contacts for |Zl
assistance working in any of the iISWM certified communities.
20 | Rules of Thumb for Engineers and iSWM Lessons Learned Training IZI
71 Develop guidance regarding use of LID/GSI to comply with MS4 |Zl
permit requirements.
29 Connect OneRain resource with specific site recommendations for IZ[
staff and officials to directly see impacts and data.
Develop an iSWM Certification program for
23 | D& ! |
engineers/planners/designers.




The purpose of the tasks within this category is to enhance the technical materials of the iISWM program
and make sure they remain current. These materials include the design criteria manual, technical
manuals, and new materials as needed to allow communities to understand and implement the iSWM
program.

Implementation
Task Timeline

Short Term | Long Term

Update remaining BMP summary pages in Site Development

24 Controls manual. IZ[

55 Reorgar.ﬂzation of Site Development Controls manual with IZ[
categories.

26 Add a comprehensive acceptable vegetation list to Site Development IZ[
Controls manual.

27 Addition of new specifications and design check lists to Site IZ[

Development Controls manual.

28 | Details and standards for proprietary devices.

29 | Additional design guidance for forebays.

Hydrologic mimicry case studies and design guidance for greenfield

30 and greyfield developments.

31 | Pipe utility crossings BMP guidance.

32 | Construction controls technical manual updates

33 | Hydrology and hydraulics technical manual updates

34 | Rework introduction of Site Development Controls manual.

35 | Add emerging BMPs into Site Development Controls manual.

Develop recommendations for public signage and certifications for

36 iSWM training received.

37 | Set up committee to review and rewrite technical manual.

Develop a visual companion with iSWM manual rich with images that

38 . .
demonstrate project examples/case studies.
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STANDARD SPECIFICATION FOR PUBLIC WORKS CONSTRUCTION — NORTH CENTRAL TEXAS December 2020

XXX.1. BIORETENTION SWALE
XXX.1.1. Description. A bioretention swale is a shallow stormwater basin or landscaped area that utilizes
engineered soil and vegetation to capture and treat runoff as it moves downstream through the system.
Bioretention swales may be either off-line, isolated systems, or on-line systems and combined with other
site development control measures. Swales are appropriate for contributing drainage areas of 5-acres or
less with a maximum site slope of 6%, minimum of head of 3-feet, and minimum separation of 2-feet
between the bottom of the swale and top of the seasonally high water table.
XXX.1.2. Materials.
XXX.1.2.1. Mulch. Mulch shall consist of commercially available finely shredded hardwood mulch 2
to 4-inches in length.
XXX.1.2.2. Planting Soil. Planting soils should be sandy loam, loamy sand, or loam texture with a
clay content ranging from 5 to 8%. The soil must have an infiltration rate of at least 0.5 inches per
hour (1.0 in/hr preferred) and a pH between 5.5 and 6.5. In addition, the planting soil should have a
1.5% to 3% organic content and a maximum 500 ppm concentration of soluble salts.
XXX.1.2.3. Pea Gravel. Pea gravel shall be ASTM D 448 size No. 6 (1/8-inch to 1/4-inch).
XXX.1.2.4. Underdrain Gravel. Gravel should be clean washed aggregate with a maximum diameter
of 3.5-inches and a minimum diameter of 1.5-inches with a void space of about 40% meeting the
following gradation. Aggregate contaminated with soil shall not be used.

Gradation
Sieve Size % Passing
2 %" 100
2” 90-100
1% 35-70
1” 0-15
2% 0-5

XXX.1.2.5. Underdrain. Underdrain pipe shall be 6-inch diameter minimum perforated PVC pipe
(AASHTO M 252). The pipe should have 3/8-inch perforations, spaced at 6-inch centers, with a
minimum of 4 holes per row. The pipe is spaced at a maximum of 10-feet on center and a minimum
grade of 0.5% must be maintained. Connections to approved discharge points shall be made
according to manufacturer recommendations and care shall be taken to ensure that connections of
dissimilar materials do not lead to corrosion.

XXX.1.2.6. Filter Fabric. Filter fabric shall conform to the requirements for protected drainage
application (PR) as found in Table 803.4.1.(a) “Geotextile Requirements”. Filter fabric shall be
carefully selected to ensure that the equivalent pore opening size is adequate to prevent piping and
clogging yet also provide a greater permeability than the adjacent planting soil.

XXX.1.2.7. Sand. Sand shall be clean and have less than 15% silt or clay content.

XXX.1.2.8. Liner. Liner, if required by underlying site conditions, shall be high density polyethylene
(HDPE) and have a minimum thickness of 30 mils.

XXX.1.2.9. Landscaping. Landscaping shall be as shown on the plans. Landscaping tree-to-shrub
ratio shall be 2:1 to 3:1 with trees spaced approximately 8-feet apart and comprised of plantings in
accordance with Section 1.5.2 of the NCTCOG Landscape Technical Manual unless otherwise shown
on the plans. In no case shall woody vegetated be specified at inflow locations.

XXX-1



STANDARD SPECIFICATION FOR PUBLIC WORKS CONSTRUCTION — NORTH CENTRAL TEXAS December 2020

XXX.1.3. Construction. A dense and vigorous vegetative cover should be established over the contributing
pervious drainage areas before runoff can be accepted into the facility. Side slopes should be sodded to
limit erosion of fine particles onto the bioretention surface. After trees and shrubs are established, the
ground cover and mulch should be established.

XXX.2. ENHANCED SWALE
XXX.2.1. Description. An enhanced swale is a vegetated open channel that is explicitly designed and
constructed to capture and treat stormwater runoff within dry or wet cells formed by check dams or other
means. Swales are appropriate for contributing drainage areas of 5-acres or less with a maximum site
slope of 4%. For dry swales, a minimum head of 3-feet with a 2-foot clearance between the bottom of the
swale and top of the seasonally high water table is required. For wet swales, a minimum head of 1-foot
and either a water table located above the bottom of the swale or poorly drained adjacent soils is
required.
XXX.2.2. Materials.
XXX.2.2.1. Riprap. Riprap shall consist of either field stone, quarry stone, or dry riprap as specified
under section 803.3 “Riprap”. Unless otherwise specified in the plans the minimum size of riprap
shall be 4-inches.
XXX.2.2.2. Permeable Soil. The soil must have an infiltration rate of between 1-foot per day and 1.5-
feet per day and should be capable of completely draining the facility within 48-hours. Additionally,
the permeable soil should have a high level of organic matter to facilitate pollutant removal.
XXX.2.2.3. Underdrain Gravel. Gravel should be clean washed aggregate with a maximum diameter
of 3.5-inches and a minimum diameter of 1.5-inches with a void space of about 40% meeting the
following gradation. Aggregate contaminated with soil shall not be used.

Gradation
Sieve Size % Passing
2% 100
2 90-100
1%" 35-70
1” 0-15
w" 0-5

XXX.2.2.4. Underdrain. Underdrain pipe shall be 4-inch minimum diameter perforated PVC pipe
(AASHTO M 252). The pipe should have 3/8-inch perforations, spaced at 6-inch centers, with a
minimum of 4 holes per row. The pipe is spaced at a maximum of 10 feet on center and a minimum
grade of 0.5% must be maintained. Connections to approved discharge points shall be made
according to manufacturer recommendations and care shall be taken to ensure that connections of
dissimilar materials do not lead to corrosion.

XXX.2.2.5. Drain. Drainpipe shall be 6-inch minimum diameter solid walled SDR 26 PVC pipe.
Connections to approved discharge points shall be made according to manufacturer
recommendations and care shall be taken to ensure that connections of dissimilar materials do not
lead to corrosion.

XXX.2.2.6. Filter Fabric. Filter fabric shall conform to the requirements for protected drainage
application (PR) as found in Table 803.4.1.(a) “Geotextile Requirements”. Filter fabric shall be

XXX-2



STANDARD SPECIFICATION FOR PUBLIC WORKS CONSTRUCTION — NORTH CENTRAL TEXAS December 2020

carefully selected to ensure that the equivalent pore opening size is adequate to prevent piping and
clogging yet also provide a greater permeability than the adjacent permeable soil.
XXX.2.2.7. Liner. Liner, if required by underlying site conditions, shall be high density polyethylene
(HDPE) and have a minimum thickness of 30 mils.
XXX.2.2.8. Erosion Control Blanket. Erosion control blankets for side slope stabilization shall be in
accordance with section 202.15. “Erosion Control Blankets”.
XXX.2.2.9. Landscaping. Landscaping shall be as shown on the plans. Turf grass species shall be in
accordance with section 1.0 of the NCTCOG Landscape Technical Manual.
XXX.2.3. Construction. A dense and vigorous vegetative cover should be established over the contributing
pervious drainage areas before runoff can be accepted into the facility. Side slopes should be sodded to
limit erosion of fine particles onto the swale bottom.

XXX.3. PLANTER BOX
XXX.3.1. Description. A planter box is a vertical walled cell containing a growth medium, plants, and
reservoir constructed on impervious surfaces in highly urbanized areas to collect, detain, and allow for the
infiltration of rainfall and runoff. Planter boxes have several variations and can be standalone units with
weep holes, integrated units with an infiltration layer, or underdrain to facilitate drainage of treated
effluent. Planter boxes using infiltration drainage shall only drain to underlying soils meeting the
characteristics of SCS Hydrologic Soil Type A and B.
XXX.3.2. Materials.
XXX.3.2.1. Planter. The planter should be constructed of stone, concrete, or brick as described on
the plans. Pressure-treated wood may be used if it does not leach out toxic chemicals that might
contaminate stormwater.
XXX.3.2.2. Growing Media. Filter media shall have a minimum thickness of 18 inches. Filter media
composition shall be as described on the plans and may be composed of a combination of sand,
gravel, and topsoil, or compost and mulch. Growing media should be capable of completely draining
within 4 hours.
XXX.3.2.3. Underdrain Gravel. Gravel should be clean washed aggregate with a maximum diameter
of 3.5-inches and a minimum diameter of 1.5-inches with a void space of about 40% meeting the
following gradation. Aggregate contaminated with soil shall not be used.

Gradation
Sieve Size % Passing
2% 100
2" 90-100
1%" 35-70
1” 0-15
»n" 0-5

XXX.3.2.4. Gravel. Gravel for infiltration shall be washed, bank-run gravel, 3/8-inches to 5/8-inches.
Aggregate contaminated with soil shall not be used.

XXX.3.2.5. Underdrain. Underdrain pipe shall be 4-inch minimum diameter perforated PVC pipe
(AASHTO M 252). The pipe should have 3/8-inch perforations, spaced at 6-inch centers, with a
minimum of 4 holes per row. The pipe is spaced at a maximum of 10-feet on center and a minimum
grade of 0.5% must be maintained. Connections to approved discharge points shall be made
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STANDARD SPECIFICATION FOR PUBLIC WORKS CONSTRUCTION — NORTH CENTRAL TEXAS December 2020

according to manufacturer recommendations and care shall be taken to ensure that connections of
dissimilar materials do not lead to corrosion.
XXX.3.2.6. Drain. Drainpipe shall be 6-inch minimum diameter solid walled SDR 26 PVC pipe.
Connections to approved discharge points shall be made according to manufacturer
recommendations and care shall be taken to ensure that connections of dissimilar materials do not
lead to corrosion.
XXX.3.2.7. Filter Fabric. Filter fabric shall conform to the requirements for protected drainage
application (PR) as found in Table 803.4.1.(a) “Geotextile Requirements”. Filter fabric shall be
carefully selected to ensure that the equivalent pore opening size is adequate to prevent piping and
clogging yet also provide a greater permeability than the adjacent permeable soil.
XXX.3.2.8. Weep Holes. In pre-manufactured planters, weep holes shall be per manufacturer
recommendations. In designed planters, weep holes shall consist of 1” minimum diameter PVC with
appropriate coverings. Appropriate covering materials are galvanized steel wire cloth with mesh,
stainless steel wire cloth with mesh, or polyethylene or polypropylene geonet.
XXX.3.2.9. Landscaping. Landscaping shall be as shown on the plans. Planter vegetation shall be
relatively self-sustaining with minimal fertilizer or pesticide requirements unless otherwise shown
on the plans.

XXX.3.3. Construction. Vegetation should be established prior to allowing runoff to enter the planter.

XXX.4. SAND FILTER
XXX.4.1. Description. A sand filter is a multi-chamber structure designed to treat stormwater runoff
through filtration, using a sediment forebay, a sand bed as its primary filter media and, typically, an
underdrain collection system. Appropriate maximum contributing drainage areas for surface and
perimeter sand filters are 10-acres and 2-acres, respectively. Appropriate minimum heads for surface and
perimeter sand filters are 5-feet and 2-feet, respectively. A minimum depth of 2-feet between the bottom
of the filters and seasonally high water table, along with a maximum site slope of 6%, is required.
XXX.4.2. Materials.
XXX.4.2.1. Filter Sand. Filter media sand shall be clean washed medium sand meeting the
requirements of ASTM C33 concrete sand or TxDOT Fine Aggregate Grade No. 1.
XXX.4.2.2. Underdrain Gravel. Gravel should be clean washed aggregate with a maximum diameter
of 3.5-inches and a minimum diameter of 1.5-inches with a void space of about 40% meeting the
following gradation. Aggregate contaminated with soil shall not be used.

Gradation
Sieve Size % Passing
2% 100
2" 90-100
15" 35-70
1” 0-15
w" 0-5

XXX.4.2.3. Underdrain.
XXX.4.2.3.1. Surface Sand Filter. Underdrain pipe shall be 6-inch minimum diameter
perforated PVC pipe (AASHTO M 252). The pipe should have 3/8-inch perforations, spaced
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at 6-inch centers, with a minimum of 4 holes per row. A minimum 1% slope must be
maintained.
XXX.4.2.3.2. Perimeter Sand Filter. Underdrain pipe shall be 4-inch minimum diameter
perforated PVC pipe (AASHTO M 252). The pipe should have 3/8-inch perforations, spaced
at 6-inch centers, with a minimum of 4 holes per row. A minimum 1% slope must be
maintained.
XXX.4.2.4. Drain. Drainpipe shall be 6-inch minimum diameter solid walled SDR 26 PVC pipe.
Connections to approved discharge points shall be made according to manufacturer
recommendations and care shall be taken to ensure that connections of dissimilar materials do not
lead to corrosion. Additionally, the downstream connection point should be verified for flood
conditions to avoid surcharging and back washing of the filter material.
XXX.4.2.5. Filter Fabric. Filter fabric shall conform to the requirements for protected drainage
application (PR) as found in Table 803.4.1.(a) “Geotextile Requirements”. Filter fabric shall be
carefully selected to ensure that the equivalent pore opening size is adequate to prevent piping and
clogging yet also provide a greater permeability than the adjacent permeable soil.
XXX.4.2.6. Liner. Liner, if required by underlying site conditions, shall be high density polyethylene
(HDPE) and have a minimum thickness of 30 mils.
XXX.4.2.7. Erosion Control Blanket. Erosion control blankets for side slope stabilization shall be in
accordance with section 202.15. “Erosion Control Blankets”.
XXX.4.2.8. Landscaping. Landscaping shall be as shown on the plans. Turf grass species within the
sand filter, if present, shall be in accordance with section 1.0 of the NCTCOG Landscape Technical
Manual and capable of withstanding frequent periods of inundation and drought.
XXX.4.3. Construction. Sand filter shall be substantially complete prior to allowing runoff to enter the
facility. Side slopes should be sodded to limit erosion of fine particles into the sand filter.

XXX.5. INFILTRATION TRENCH
XXX.5.1. Description. An infiltration trench is an excavated trench filled with stone aggregate used to
capture and allow infiltration of stormwater runoff into the surrounding soils from the bottom and sides
of the trench. Trenches are appropriate for contributing drainage areas of 5-acres or less with a maximum
site slope of 6%, minimum of head of 1-foot, and minimum separation of 4-feet between the bottom of
the swale and top of the seasonally high water table. Infiltration trenches require surrounding soils with
an infiltration rate of greater than 0.5-inches per hour which typically corresponds to soils meeting the
characteristics of SCS Hydrologic Soil Type A and some Type B soils.
XXX.5.2. Materials.
XXX.5.2.1. Sand. Filter media sand shall be clean washed medium sand meeting the requirements of
ASTM C33 concrete sand or TxDOT Fine Aggregate Grade No. 1.
XXX.5.2.2. Gravel.
XXX.5.2.2.1. Pea Gravel. Pea gravel shall be ASTM D 448 size No. 6 (1 /8" to 14”).
XXX.5.2.2.2. Trench Gravel. Trench gravel should be washed, bank-run gravel, 1.5 to 2.5
inches in diameter with a void space of about 40%. Aggregate contaminated with soil shall
not be used.
XXX.5.2.3. Filter Fabric. Filter fabric shall conform to the requirements for protected drainage
application (PR) as found in Table 803.4.1.(a) “Geotextile Requirements”. Filter fabric shall be
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carefully selected to ensure that the equivalent pore opening size is adequate to prevent piping and
clogging yet also provide a greater permeability than the adjacent permeable soil.
XXX.5.2.4. Observation Well. Observation well pipe shall be 4-inch to 6-inch diameter perforated
PVC pipe (AASHTO M 252) and be equipped with a cast iron screw top lid and square foot plate.
XXX.5.2.5. Landscaping. Landscaping shall be as shown on the plans. Turf grass species within the
trench, if present, shall be in accordance with section 1.0 of the NCTCOG Landscape Technical
Manual and capable of withstanding frequent periods of inundation and drought.
XXX.5.3. Construction. Infiltration trench shall be substantially complete prior to allowing runoff to enter
the facility. Side slopes should be sodded to limit erosion of fine particles into the infiltration trench.

XXX-6



	Bioretention Summary Page
	Downspout Drywell fact sheet
	Dry Detention Pond fact sheet
	Enhanced Swales fact sheet
	Filter Strip fact sheet
	Grass Channel Summary Page
	Infiltration Trench-Soakage Trench Summary Page
	Permeable Pavement Summary Page
	Planter Boxes Summary Page
	Porous Concrete Summary Page
	Rainwater Harvesting fact sheet
	Sand Filter fact sheet
	Stormwater Ponds Summary Page
	Stormwater Wetlands Summary Page
	Underground Detention Summary Page
	DRAFT iSWM BMP Details 2020-12-21.pdf
	Bioretention - 1
	Bioretention - 2
	Enhanced Swales - 1
	Enhanced Swales - 2
	Planter Boxes - 1
	Sand Filter - 1
	Sand Filter - 2
	Infiltration Trench - 1
	Infiltration Trench - 2




