4
We recommend that you and your corresponding DOT decline any certification request

from any entity that may contact you on this subject. Additionally, we recommend informing
the FHWA’s Office of Bridge Technology, Hydraulics and Geotechnical Team (HIBT-20) of
the request. The HIBT-20 staff will be available to serve as the FHWA’s lead in providing
assistance and guidance to your office in resolving such requests. The HIBT-20 staff has

also met with FEMA headquarters staff on this issue and can provide liaison services as
needed.

Please share this memorandum with your appropriate staff and with all appropriate DOT and
local transportation management officials within your State.

If you have any questions or need additional information, please contact Mr. Joe Krolak at
(202) 366-4611 (joe.krolak@dot.gov) or Mr. Jorge Pagan-Ortiz at (202) 366-4604
(Jorge.pagan@dot.gov).



















ATTACHMENT E

TREATMENT BMP DATASHEET

(NOTE: POSSIBLE SOURCE FOR DATASHEETS CAN BE FOUND AT
WWW.CABMPHANDBOOKS. COM. INCLUDE ENGINEERING CALCULATIONS FOR SIZING
THE TREATMENT BMP.)
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Grate Inlet Skimmer Box - Suntree Technologies Page 1of2
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the grate.

Step 2:Drop in
the filter.

Step 3: Replace
the grate.

http:/fwww suntreetech.com/grate_inlet_skimmer_box/ 21142006
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Grate Inlet Skimmer Box Sizing & Flow Rates - Suntree Technologies Page 1of2

( Home

% Page |
[ EMail || (Previous’| (" Next
{_Suntree | | , | Page || Page
{ Features |
e Grelre Inlet Skdmmer
|Description Sizing and Flow Rates

{Installation Although certain sizes are
= recommended, The Grate Infet
(FlowRate |  Skimmer Box can be sized to fit
gmj any size inlet.

The maximum flow rate of a Grate Inlet Skimmer Box s
determined by the amount of flow that can pass through the throat,
the exception is found only in very large units

To determine the minimum flow rate
of a Grate Inlet Skimmer Box,
consider only the potential flow
through the throat and bypass. If the
potential flow through the throat is
less than the potential flow through
the bypass, then the then the throat
determines the minimum flow. If the
potential water flow through the
bypass is less than that of the throat,
then the bypass determines the
minimum flow.

The tabie below represents the flow rates of 8 different sizes
of Grate inlet Skimmer Box.

Filtered Flow represents the potential flow rate through all screens,
and does not include the potential flow through the bypass. Water flow
through the bypass happens only when the flow rate through the grate
exceeds the flow rate through all the screens.

http:/fwrww . suntreetech.com/grate_inlet_skimmer_box/page6.html 211442006
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Grate Inlet Skimmer Box Sizing & Flow Rates - Suntree Technologies Page 2 of 2

Flow Rate Table

Dimensions of the flange Flow Rate
around the top of the Grate {cubic feet per second)
Inlet Skimmer Box

Model Width | Length | Depth | Throat | Filtered | Bypass
Number (inches) | (inches) | (inches) Flow Flow
GISB-I-24-24-25 24 24 25 4.4 149 6.7
GISB-A-24-37-25 24 37 25 102 211 87
GISB-C-28-37-25 28 37 23 122 194 T4
GISB-J-24-41-25 24 41 ) 12 24.6 10
GISB-NK-32-32-25 32 32 25 128 191 103
GISB-36-36-25 36 36 25 188 234 134
GISB-D-36-48-18 36 48 i8 33.2 263 133
GISB-G-52-58-18 52 58 18 89.3 40.1 as

+ The yellow blocks represent the minimum flow rates.
¢ Filtered flow Is based on unobstructed screens.

Drawings and flow specifications for any size Grate Inlet
Skimmer Box is available upon request.

b &
R T—

http/fwww suntreetech.com/grate_inlet _skimmer_box/page6.html 2/1412006
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Grate Inlet Skimmer Box Installation - Suntree Technologies Page 1 of 2

E"Wg
._Page |
[ EdMail |[ Order | gPreviousjgg " Next
%} Suntree /| Catalog | 7T&c) Page || Page

{ Features )

{ Functional | .
Description Installation

%Jnstallatidﬁ? Although certain sizes are
. recommended, The Grafe /nlet
FlowRate | sximmer Box can be sized to fit

( Drawings ) @ny size nlet.

Installation Method 1 Grate

T I 1 1 T 1 1

Grate inlet Skimmer Box

. Remove the grate.

' Place the Grate Inlet Skimmer
Box into the caichbasin so that e
it rests on the same landing as l

the grate.

(' Replace the grate so that the
flange around the tfop of the Installation Method 1
Grate Infet Skimmer Box s
sandwiched between the grate
and the landing. |—

Concrete Structure -l

A second method of installing a Grate Infet Skimmer Box
involves the use of an aluminum landing kit which is supplied
separately. This method is used for installing larger units, and
in catchbasins fitted with extra thick grates.

Installation Method 2

(> Remove the grate.

(r Attach the aluminum landing kit

http:/Awww suntreetech.com/grate_inlet_skimmer_box/page5 html 211472006
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Grate Inlet Skimmer Box Installation - Suntree Technologies Page 20f 2

to the catchbasin wall 2" below
the grate bottom.

(Place the Grate Inlet Skimmer
Box into the catchbasin so that
it rests on the aluminum landing
kit.

Grate lGrate Bottom

- N
nd 1 1 1 171 Jn

[ Grate Inlet Skimmer Box

-

_Replace the grate.

—

Installation Method 2

Concrete Structure

[ Eail | " Order | [ Home | [ Next |
{_Suntree | | Catalog _Page | { Page |
http:{fwerer suntreetech com/grate_inlet_skimmer_box/pageS.himl 211472006
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Grate Inlet Skimmer Box Captured Debris - Suntree Technologies Page 1of 2
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{Installation
e s

The picture to the right shows an inlet
with a Grate Infet Skimmer Box
immediately after the grate was removed,
just 45 days after it was installed.
Because this inlet is adjacent to a wash
down area, it experiences a simulated
storm event everyday. The filter is full to
capacity and has been operating in
bypass mode for some time.

The picture to the left shows the Grate
Inilet Skimmer Box immediately after the
removal of booms and skimmer tray.
Notice the bypass openings around the
top are completely unobstructed. The
filter is full to capacity and is operating
bypass mode. Because this inlet
experiences an exira heavy hydrocarbon
pollutant load it is fitted with extra Storm
Booms.

http:/Awww suntreetech.com/grate_inlet_skimmer_bozfpage4.htm! 211472006
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Grate Inlet Skimmer Box Captured Debris - Suntree Technologies

Although the inlet is relatively small with
a grate that measures 24" x 24", debris
welghing 232 pounds with a volume of

78 quarts was removed during this
servicing. To the right is a photo of the
same Grate Inlet Skimmer Box after
being serviced.

‘http:ffwww.suntreetech.com/grate_inlet_skimmer_box/paged himl

F\06-14\swmp\6-14 SWMP TM.doc

Page 2 of 2

Home || Next |
Page || Page |
2/14/2006

54



Grate Inlet Skimmer Box Functional Description - Suntree Technologies Page 1of4

| E-Mail || Order |
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{ Flow Rate |
T, . s

{ Drawings

Stage 1: As stormwater enters the inlet
through the grate it comes in contact
with and passes through a Storm
Boom located around the top perimeter
of the Grate infet Skimmer Box. After
making contact with the Storm Boom,
the stormwater flows down into the
lower filtration chamber which Is
equipped with 3 different sieve size
filtration screens and bypass openings.

As Stormwater Enters The Inlet

Stage 2: Throughout the entire storm

event, stormwater continues to come in

contact with the Storm Boom and then
flow into the lower filtration chamber,

adjacent to the fine sieve size screens.
The fines sieve size screens are sized

to be able to capture sediment such as
sand, clay, phosphates, etc. A sand
filter quickly forms across the bottom
which has the potential to capture the

finest of particles.

http:/fwwrer suntreetech.com/grate_inlet_skimmer box/page3.htm! 211412006
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Grate Inlet Skimmer Box Functional Description - Suntree Technologies Page 2 of

Typical Low Flow Storm Event

Stage 3: As the storm event increases
in intensity the water level in the Grate
Infet Skimmer box rises to a level
adjacent to the medium sieve size
screens and the furbujence deflector.
The medium screen provides additional
flow with less chance of obstruction
than the fine screen. The furbulence

deflector dramatically reduces the
turbulence in the lower filtration L\
chamber, which allows sediment to

continue 1o settle, without re-
suspending sediment that has
previously been captured.

L.

Typical Medium Flow Storm Event

Stage 4: As the storm event increases in intensity to that of high flow storm
event, the water level in the Grate iniet Skimmer box rises to a level
adjacent to the coarse sieve size screens above turbulence deflector.

The coarse screen provides yet more
additional filtered flow with less chance
for obstruction than either the medium

or fine screen. The coarse screen is
sized to capture floatables like foliage
and litter. At this stage water is flowing

through all the different sieve size
screens, the furbulence deflector

http:/fwrerw. suntreetech.com/grate_inlet _skimmer_box/page3.html - 271412006
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Grate Inlet Skimmer Box Functional Description - Suatree Technol ogies Page 3 of 4

continues to dramatically reduce the
turbulence in the lower filtration
chamber, and sediment continues to
settle and collect toward the botiom.

rjﬂ
e vV

SRR Y

Typical High Flow Storm Event

Stage 5: If the storm event creates an
extremely high flow rate into the inlet
which exceeds the flow through all the
screens, the water flow can bypass the
filtration screens through skimmer
protected bypass openings near the top
of the Grate Infet Skimmer Box. As
water flows through the bypass
openings, it also continues to flow
through all the other screens. Storm
events that produce such high flow
rates are rare and typically don't last
very long.

After Th
stormwater drains completely out of the
Grate Iniet Skimmer Box after the
storm event. The debris collected in
the unit is stored in a dry state which
helps to contain the nutrient poliutant
load, prevents the filter from going
septic, and prevents mosquitoes from
breeding in the unit. After each storm
event more debris is collected, which
can ultimately weigh many hundreds of

http:/fwwer. suntreetech.com/grate_inlet_skimmer_box/page3.html 2/14/2006
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Grate Inlet Skimmer Box Functional Description - Suntree Technologies

After The Storm Event

)

Can Hold Hundreds of Pounds of Debri

http:/ferww _suntreetech com/igrate_gnlet_skimmer_boxz/page3 html

F\06-14\swmp\6-14 SWMP TM.doc
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pounds.
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Grate Inlet Skimmer Box Features - Suntree Technologies Page 1of 2
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| Descriptio %

{Installation
T ————
{ Flow Rate

{ Drawings

s Screens
H H H ——-—-—&
¢ Fine Sieve Size Screen ] System Is
OonAll4
Sides

"y Skimmer Tray
~» Deflection Shield
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Grate Inlet Skimmer Box Features - Suntree Technologies Page 2 0f 2

(_» Flange is reinforced
With knitted 1808 + 45°
Biaxial fiberglass

| E-Mail | [ Order | [ Home | [ Next
http:/fwrvrw suntreetech com/grate_inlet_skimmer_box/page2.html 2/14/2006
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Suntree Technologies Contact

Information Page 1of 1
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{Installation
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For More Information
on our Grate Inlet Skimmer Box
Please contact us directly:

Suntree Technologies, Inc.
798 Clearlake RD
Cocoa, FL 32922

Ph: (321) 637-7552
FAX: (321) 637-7554

http:/fwrwrer suntreetech.com/grate_inlet_skimmer_box/page®.html 211412006
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Suntree Technologies - Curb Inlet Basket - For BMP, TDML, NPDES, Watershed Polluti... Page 1of 1

Pagel

Nees
Page

R,

Technologies

Patented

A stormmwter filtration system for Curb Inlety
where access 1o the catchbasin is through a
nunhole.

@ Fits any catchbasin

@& No needto enter the catchbasin to service.

©No needto enter or lay in the street to service.

© Filtration screens of different sieve sizes can be

For more information on
. Curb Inlet Baskets, click on e
| the Next Page button or the |
| specific page links below. | Page |

1

Curb Inlet Basket Pages:

http:/fwww suntreetech.com/curb_inlet_basketl/ 51312006
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Suntree Technologies - Curb Inlet Basket - Page 2 Page 1of1

Page2

| B-Mail | | Home
| Sumtree | Poge

s

Patented

Storm Boom For
Collecting -
Hydrocarbons

Coarse Screen
Up High For
Foliage and Litter

Fine Screen In _.
Back and Bottom
For Collecting
Sediment

Durable _-
Fiberglass Body

For more information on

Curb Inlet Baskets, clickon ;”"”“"""’”"”j““‘“‘”’“’
| the Next Page button or the g
specific page links below. | Fage || Paoge |

Curb Inlet Basket Pages:

hitp:/fwww.suntreetech.com/curb_inlet basketl/page2 him! 51312006
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Suntree Technologies - Curb Inlet Basket - Page 3 Page 1of2

| e

Curb Inlet Basket

No Need To Enter
The Confined Space
f The Catchbasin

To Service

ToService:

« Remove the manhole lid

» Reach in with by hand or with a
manhole hook and remove the
basket

« Empty the contents of the basket
and replace the Storm Boom

» Replace the basket and manhole lid

Mudti-stage Filtration Captures
Everything From Hydrocarbons, To
Sediment, To Grass Clippings, To
Litter... Everything!

nee The Basket Is

Removed From The
Catchbasin It Can Be
y Emptied.
http:ffervew suntreetech.com/curb_inlet_basketl/page3.htm! 57312006
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Suntree Technologies - Curb Inlet Basket - Page 3 Page 2of 2

For more information on . Poge |
, Curb Inlet Baskets, clickon e
| the Next Page button or the | Previous 2 Next
E specific page links below. | Foge || Paoge

Curb Inlet Basket Pages:
1.2,3,4,5,8,7

http:/Frwrw suntreetech.com/curb_inlet_basketl/page3.html 51312006

F:\06-14\swmp\6-14 SWMP TM.doc 65



Suntree Technologies - Curb Inlet Basket - Page 4

Page 1of2

Nee
Pope

SRR,

Functional Description

() Stormwater runoff carrying debris
and pollutants enters curb inlet.

(2)Adjustable throat width funnels water
to weir. The immediate drop in the
throat elevation prevents head losses
through the inlet. Sediment will
collect along the incoming side of the
weir.

@ Water flows over weir and into
removable basket, filtering trash,

leaves, yard clippings, sediment,
etc. If desired, a hydrocarbon
absorption boom can be fitted along
the incoming edge of the basket,

@Cleaner ‘water leaves basket and

enters catchbasin, then flows down
stream. The position of the CIB,
high in the catch basin, avoids any
restriction of up-stream pipes
flowing through the catchbasin.

The CIB telescopes to change size so that it can fit almost any catchbasin. In
addition, CIBs that fit a round catichbasin are also available.

http:ffwrwrw suntreetech.comfcurb_inlet_basketl/paged.himl
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Suntree Technologies - Curb Inlet Basket - Page 5 Page 1of 2

Page5
Pages: 1,2,3,4,5,6,7

Square Catchbasin:

For installation into a square catchbasin,
there is a left half and a right half that
telescope together to adjust for size, which
make up the main body of the CIB and
mounts solid to the catchbasin wall with
cither drive pins or Tap-Cons. The non-
removable portion consists of a tray area that
directs the flow toward the weir, and a weir
that channels the flow into the removable
basket. The basket is placed on last, and is
simply dropped in place and hangs from the
top of the weir.

Round Catchbasin:

To install the CIB into a round catchbasin
there are 3 main pieces; the weir, which
attaches to the catch basin wall, the tray
which attaches to the catchbasin wall and
weir, and the removable basket. The weir
and tray attach to the catchbasin wall with
cither Tap-Cons or drive pins. The basket is
placed on last, and is just dropped in place

and hangs from the top of the weir.
_ . | First |
For more information on | Poge |
\ Curb Inlet Baskets, click on ; - »
the Next Page button orthe | Previous | % Nes
specific page links below. | Poge || Pgee |
hitp:/fwrwrer suntreetech.com/eurb_inlet_basketl/page5.htm! 51312006
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Suntree Technologies - Curb Inlet Basket - Page 6 Page 1of2

Pageb

Next
Fage

Home
Page

s

PRRE—

§

Technologies Inc.

For Use In Deeper
Catchbasins

The Round Basket
Optimizes the Fit
Through the Manhole

Coarse Sieve Screen =

Medium Sieve Screen

Fine Sieve Screen — Filtration and

Water Flow

R T e R

Installation and servicing
1s similar to the standard
Curb Inlet Basket

wilt Strong

hitp:/fervrer suntreetech.com/curb_inlet_basketl/page6.html 5312006
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Suntree Technologies - Curb Inlet Basket - Page 6 Page 2 of 2

View Of Weir With
Basket Removed

For more information on

B v ~ Curb Inlet Baskets, click on
| B-Meill | Home % the Next Page button or the
| Sumtree | Pagpe | specific page links below.

Curb Inlet Basket Pages:
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Suntree Technol ogies - Curb Inlet Basket - Page 7 Page 1 of 2

Page 7

g Ea@@@% ] é Home
| Sumtree | Page

View af Debris In
igh Capacity Curb
Inlet Basket Before
Removal From
Catchbasin

This unit did not wtilize a Starm Boom.

ce K m@? From The
Cutch Basin, The Collected
Debris %’@E Hed ﬁﬁ@

ﬁgszez%sm
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BIOFILTER/GRASS-LINED SWALE
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Vegetated Swale

TC-30

Notation:
L

Provide for scour
prOleEtion.

{(a} Cross section of swale with cheek dam.

= Length of swak impoundment ated per check damif)  (iy i foraf view of swale imy d ares,
Dy = Depith of check dom i)
85 = Bottom sipe of seak ffUH)
W = Top vidth of chock dat £t
Wy = Bottom width of check dam iff
Zyz = Ratio ef herizontal to vertival ehange in swale side stope (Ui

January 2003

F\06-14\swmp\6-14 SWMP TM.doc
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Vegetated Swale TC-30

Design Considerations

& Tributary Area
& Area Required

& Slope
s Waler Availabilily

Description

Vegetated swales are open, shallow channels with vegetation

covering the side slopes and bottom that collect and slowly Targeted Constituents

Sediment
Nutrients
Trash
Metals
Bacleria

convey runoff flow to downstream discharge points. They are
designed to treat runoff through filtering by the vegetation in the
channel, fillering through a subsoil matrix, and/or infiltration
into the underlying soils. Swales can be natural or manmade.
They trap particulate pollutants (suspended solids and trace
metals), promote infiltration, and reduce the flow velocity of )
stormwater runofl. Vegetated swales can serve as part of a Oil a"‘? Cresse
stormwaler drainage syslem and can replace curbs, gutiers and Organics

storm sewer systems. Legend (Removal Effectiveness)
® Low ® High

A Medium

EREEEEA
P> o> e e

California Experience

Caltrans constructed and monitored six vegetated swales in
southern California. These swales were generally effective in
reducing the volume and mass of pollutants in runoff. Even in
the arcas where the annual rainfall was only aboult 10 inches/yr,
the vegetation did not require additional irrigation. One factor
that strongly affected performance was the presence of large
numbers of gophers at most of the sites. The gophers created
carthen mounds, destroyed vegetation, and generally reduced Lthe
effectiveness of the controls for TSS reduction.

Advantages
& Ifproperly designed, vegetated, and operated, swales can
serve as an aesthetic, potentially inexpensive urban

development or roadway drainage conveyance measure with
significant collateral waler qualily benefits,

January 2003 California Stormwater BMP Handbook 10of13
New Development and Redevelopment
www.cabmphandbooks.com
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TC-30 Vegetated Swale

Roadside ditches shounld be regarded as significant potential swale/buffer strip sites and
should be utilized for this purpose whenever possible.

Limitations

Can be difficult to avoid channelization.
May not be appropriate for industrial sites or locations where spills may occur

Grassed swales cannot treat a very large drainage area. Large areas may be divided and
treated using multiple swales.

A thick vegetative cover is needed for these practices to function properly.
They are impractical in areas with steep topography.

They are not effective and may even erode when flow velocities are high, if the grass cover is
not properly maintained.

In some places, their use is restricted by law: many local municipalities require curb and
gutter systems in residential areas.

Swales are mores susceptible to failure if not properly maintained than other treatment
BMPs.

Design and Sizing Guidelines

Flow rate based design determined by local requirements or sized so that 85% of the annnal
runoff volume is discharged at less than the design rainfall intensity.

Swale should be designed so that the water level does not exceed 2/3rds the height of the
grass or 4 inches, which ever is less, at the design treatment rate.

Longitudinal slopes should not exceed 2.5%

Trapezoidal channels are normally recommended but other configurations, such as
parabolic, can also provide substantial water quality improvement and may be easier to mow
than designs with sharp breaks in slope.

Swales constructed in cut are preferred, or in fill areas that are far enough from an adjacent
slope to minimize the potential for gopher damage. Do not use side slopes constructed of
fill, which are prone to structural damage by gophers and other burrowing animals.

A diverse selection of low growing, plants that thrive under the specific site, climatic, and
watering conditions should be specified. Vegetation whose growing season corresponds to
the wet season are preferred. Drought tolerant vegetation should be considered especially
for swales that are not part of a regularly irrigated landscaped area.

The width of the swale should be determined using Manning’s Equation using a valuc of
0.25 for Manning’s n.

20f13 California Stormwater BMP Handbook January 2003

New Development and Redevelopment
www.cabmphandbooks.com
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Vegetated Swale TC-30

Construction/Inspection Considerations

s Include directions in the specifications for use of appropriate fertilizer and soil amendments
based on soil properties determined through testing and compared to the needs of the
vegetation requirements.

= Install swales at the time of the year when there is a reasonable chance of successful
establishment without irrigation; however, it is recognized that rainfall in a given year may
not be sufficient and temporary irrigation may be used.

= If sod tiles must be used, they should be placed so that there are no gaps between the tiles;
stagger the ends of the tiles to prevent the formation of channels along the swale or strip.

& Use aroller on the sod to ensure that no air pockets form between the sod and the soil.

e Where seeds are used, erosion controls will he necessary to protect seeds for at least 75 days
after the first rainfall of the season.

Performance

The literature suggests that vegetated swales represent a practical and potentially effective
technigue for controlling urban runoff quality. While limited quantitative performance data
exists for vegetated swales, it is known that check dams, slight slopes, permeable soils, dense
grass cover, increased contact time, and small storm events all contribute to successful pollutant
removal by the swale system. Factors decreasing the effectiveness of swales include compacted
soils, short runoff contact time, large storm events, frozen ground, short grass heights, steep
slopes, and high runoff velocities and discharge rates.

Conventional vegetated swale designs have achieved mixed results in removing particulate
pollutants. A study performed by the Nationwide Urban Runoff Program (NURP) monitored
three grass swales in the Washington, D.C., area and found no significant improvement in urban
runoff quality for the polintants analyzed. However, the weak performance of these swales was
attributed to the high flow velocities in the swales, soil compaction, steep slopes, and short grass
height.

Another project in Durham, NC, monitored the performance of a carefully designed artificial
swale that received runoff from a commercial parking lot. The project tracked 11 storms and
concluded that particulate concentrations of heavy metals (Cu, Pb, 7n, and Cd) were reduced by
approximately 50 pereent. However, the swale proved largely ineffective for removing soluble
nuirients.

The effectiveness of vegetated swales can be enhanced by adding check dams at approximately
17 meter (50 foot) increments along their length (See Figure 1). These dams maximize the
retention time within the swale, decrease flow velocitics, and promote particulate settling.
Finally, the incorporation of vegetated filter strips parallel to the top of the channel banks can
help to treat sheet flows entering the swale.

Only g studies have been conducted on all grassed channels designed for water quality (Table 1).
The data suggest relatively high removal rates for some pollutants, but negative removals for
some bacteria, and fair performance for phosphorus.
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Table 1 Grassed swale pollutant removal efficiency data

Removal Efficiencies (% Removal)

Study TSS TP | TN | NO; | Metals | Bacteria Type

Caltrans 2002 o 8 67 66 83-90 -33 dry swales
Goldberg 1993 678 4.5 - 31.4 42~-62 -100  grassed channel
i@%ﬁxgg‘:’? 'Qﬁ:ﬁ;ihfﬁ‘m ' 60 | 45 - -25 216 -25 grassed channel
%ﬁﬁﬁﬁ%mﬁiy@h’fg : n 83 29 - -25 4673 -25 grassed channel
Wang et al., 1981 8o - - - 70~-80 - dry swale
Dorman et al., 1989 98 | 18 - 45 37~81 - dry swale
Harper, 1988 87 83 84 Bo 88-90 - dry swale
Kercher et al., 1083 ‘ 99 99 | 99 99 ‘ 99 - dry swale
Harper, 1988. 81 17 40 52 l 37-69 - wet swale
Koon, 1995 i 67 | 39 - 9 -35t06 - wet swale

While it is difficult to distinguish between different designs based on the small amount of
available data, grassed channels generally have poorer removal rates than wet and dry swales,
although some swales appear to export soluble phosphorus (Harper, 1988; Koon, 1995). It is not
clear why swales export bacteria. One explanation is that bacteria thrive in the warm swale
soils.

Siting Criteria

The suitability of a swale at a site will depend on land use, size of the arca serviced, soil type,
slope, imperviousness of the contributing watershed, and dimensions and slope of the swale
system (Schueler et al., 1992). In general, swales can be used to serve areas of less than 10 acres,
with slopes no greater than 5 %. Use of natural tepographic lows is encouraged and natural
drainage courses should be regarded as significant local resources to be kept in use (Young ct al.,
1996).

Selection Criteria (NCTCOG, 1993)
» Comparable performance to wet basins

s Limited to treating a few acres

»  Availability of water during dry periods to maintain vegetation

a  Sufficient available land area

Research in the Austin area indicates that vegetated controls are effective at removing pollutants

even when dormant. Therefore, irrigation is not required to maintain growth during dry
periods, but may be necessary only to prevent the vegetation from dying.
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The topography of the site should permit the design of a channel with appropriate slope and
cross-sectional area. Site topography may also dictate a need for additional structural controls.
Recommendations for longitudinal slopes range between 2 and 6 percent. Flatter slopes can be
used, if sufficient to provide adequate conveyance. Steep slopes increase flow velocity, decrease
detention time, and may require energy dissipating and grade check. Steep slopes also can be
managed using a series of check dams to terrace the swale and reduce the slope to within
acceptable limits. The use of check dams with swales also promotes infiltration.

Additional Design Guidelines

Most of the design guidelines adopted for swale design specify a minimum hydranlic residence
time of 9 minutes. This criterion is based on the results of a single study conducted in Seattle,
Washington (Seattle Metro and Washington Department of Ecology, 1992), and is not well
supported. Analysis of the data collected in that study indicates that pollutant removal at a
residence time of 5 minutes was not significantly different, although there is more variability in
that data. Therefore, additional research in the design criteria for swales is needed. Substantial
pollutant removal has also been observed for vegetated controls designed solely for conveyance
(Barrett et al, 1998); consequently, some flexibility in the design is warranted.

Many design gnidelines recommend that grass be frequently mowed to maintain dense coverage
near the ground surface. Recent research (Colwell et al., 2000) has shown mowing frequency or
grass height has little or no effect on pollutant removal.

Summary of Design Recommendations
1) The swale should have a length that provides a minimum hydraulic residence time of
at least 10 minutes. The maximum bottom width should not exceed 10 feet unless a
dividing berm is provided. The depth of flow should not exceed 2/3rds the height of
the grass at the peak of the water quality design storm intensity. The channel slope
should not exceed 2.5%.

2) A design grass height of 6 inches is recommended.

3) Regardless of the recommended detention time, the swale should be not less than
100 feet in length.

4) The width of the swale should be determined using Manning's Equation, at the peak
of the design storm, using a Manning's n of 0.25.

5) The swale can be sized as both a treatment facility for the design storm and as a
conveyance system to pass the peak hydraulic flows of the 100-year storm if it is
located “on-line.” The side slopes should be no steeper than 3:1 (H:V).

6) Roadside ditches should be regarded as significant potential swale/buffer strip sites
and should be utilized for this purpose whenever possible. 1f flow is to be introduced
through curb cnts, place pavement slightly above the elevation of the vegetated areas.
Curb cuts should be at least 12 inches wide to prevent clogging.

7) Swales must be vegetated in order to provide adequate treatment of runoff. It is
important to maximize water contact with vegetation and the soil surface. For
general purposes, select fine, close-growing, water-resistant grasses. If possible,
divert runoft (other than necessary irrigation) during the period of vegetation
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establishment. Where runoff diversion is not possible, cover graded and seeded
areas with suitable erosion control materials.

Maintenance

The useful life of a vegetated swale system is directly proportional to its maintenance frequency.
If properly designed and regularly maintained, vegetated swales can last indefinitely. The
maintenance objectives for vegetated swale systems include keeping up the hydraulic and
removal efficiency of the channel and maintaining a dense, healthy grass cover.

Maintenance activities should include periodic mowing (with grass never cut shorter than the
design flow depth), weed control, watering during drought conditions, reseeding of bare areas,
and clearing of debris and blockages. Cuattings should he removed from the channel and
disposed in a Jocal composting facility. Accumulated sediment should also be removed
manually to avoid concentrated flows in the swale. The application of fertilizers and pesticides
should be minimal.

Another aspect of a good maintenance plan is repairing damaged areas within a channel. For
example, if the channel develops ruts or holes, it should be repaired utilizing a suitable soil that
is properly tamped and seeded. The grass cover should be thick; if it is not, reseed as necessary.
Any standing water removed during the maintenance operation must be disposed to a sanitary
sewer at an approved discharge location. Residuals (e.g., silt, grass cuttings) must be disposed
in accordance with local or State requirements. Maintenance of grassed swales mostly involves
maintenance of the grass or wetland plant cover. Typical maintenance activities are
surnmarized below:

»  Inspect swales at least twice annually for erosion, damage to vegetation, and sediment and
debris accumulation preferably at the end of the wet season to schedule summer
maintenance and before major fall runoff to be sure the swale is ready for winter. However,
additional inspection after periods of heavy runoff is desirable. The swale should be checked
for debris and litter, and areas of sediment accumulation.

s Grass height and mowing frequency may not have a large impact on pollutant removal.
Consequently, mowing may only be necessary once or twice a year for safety or aesthetics or
to suppress weeds and woody vegetation.

» Trash tends to accumulate in swale areas, particularly along highways. The need for litter
removal is determined throngh periodic inspection, but litter should always be removed
prior to mowing, ;

s Sediment accumulating near culverts and in channels should be removed when it builds up
to 75 mm (3 in.) at any spot, or covers vegetation.

»  Regularly inspect swales for pools of standing water. Swales can become a nuisance due to
mosquito breeding in standing water if obstructions develop (c.g. debris accumulation,
invasive vegetation) and/or if proper drainage slopes are not implemented and maintained.
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Cost

Construction Cost

Little data is available to estimate the difference in cost between various swale designs. One
study (SWRPC, 1991) estimated the construction cost of grassed channels at approximately
$0.25 per ft=. This price does not include design costs or contingencies. Brown and Schueler
(1997) estimate these costs at approximately 32 percent of construction costs for most
stormwater management practices. For swales, however, these costs would probably be
significantly higher since the construction costs are so low compared with other practices. A
more realistic estimate would be a total cost of approximately So.50 per ft2, which compares
favorably with other stormwater management practices. :

January 2003 California Stormwater BMP Handbook 7of 13

New Development and Redevelopment
www.cabmphandbooks.com

F\06-14\swmp\6-14 SWMP TM.doc

79



Vegetated Swale TC-30

Table 3 Estimated Maintenance Costs (SEWRPC, 1991)

Swale Size
(Depth and Top Width)
Component Unit Cost 1.5 Foot Depth, One- 3-Foot Depth, 3-Foot Comment
Foot Bottom Wiath, Bottom Width, 21-Foot
10-Foot Top Width Top Width
Lawn Mowhg $0.85 £ 1,000 ¥ mowing $0.14 finearfoot $0.21 s Encar foot Lawn maintenancs area={iop
width + 10 fest) x length. Mow
Qight timas par vear
Geneeal Laum Care $80011.0001 yeor $0.16 / ineat foot $0.26 { tnear toot Lawn mainionance araa = (lop
widh + 10 fewd} x longt
Swale Debris ard Liter $0.10 7 Enear Toot { vear $0.10 /inearioot $0.10 / ineaxr foot -
Remosal
Grass Reseodng wih $0.501yd 0.01/ thearfoot $0.01 / inear foot Atz revegetaled equals 1%
Nuich and Fetilizer of lawn maintenance area per
yoar
Program Aamdiistration and 3015 ineer kol { year, .15 7 linear foot $0.15 7 dnear foot ingpect four times per year
Swake Inspecion plus $25¢ inspecion
Total - $0.58 7 inear oot $0.75 / linvar foot -
k4 I
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Maintenance Cost

Caltrans (2002) estimated the expected annual maintenance cost for a swale with a tributary
area of approximately 2 ha at approximately $2,700. Since almost all maintenance consists of
mowing, the cost is fundamentally a function of the mowing frequency. Unit costs developed by
SEWRPC are shown in Table 3. In many cases vegetated channels would be used to convey
runoff and would require periodic mowing as well, so there may be little additional cost for the
water quality component. Since essentially all the activities are related to vegetation
management, no special training is required for maintenance personnel.
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