BIO-SWALE AND BIO -ISLAND GUIDELINES

1. GENERAL

Bio-swales and bigslands are used to convey, traatfilter stormwateprior to
discharge from the siteThese facilities can be separated into two types: filtration and
infiltration. Generally speaking, filtration systemssndstormwatethrough a filter
composed of a soil/sand layer and any associated planhtidean underdraiat the
bottom of the featurawvhich serves as a conduit &tormwateto reach a storm system
Infiltration systems willalsohave underdraint protect the integrity of adjacent paving
sections but the underdrain is located within the porous laymyya the bottom of the
feature The volume between the underdrain and the bottom is stored for infiltraticn.
stormwatemill percolate through the underlying subgraa¢his type of facility This
guidance is intended to assist with tesignnecesary todevelopsuccessfustormwater
fil tration or infiltration facilities while avertingpossible damage to surrounding areas.

2. SITE CHARACTERIZATION

When analyzing site characteristics, the designer should determine if the fall across the
site,seasonal ground water variatji@and insitu soils are&conduciveto infiltration and/or
filtration.

Local requirements must be metevhdesigning any facilityhowever, need not be
surpassed as additional expense may re$udipecificpollutans (otherthan sediment)
are targetedor removal an appropriate specialist mw@stin the design.

3. DESIGN AND LAYOUT

Prior to initial design, then-site soils should be testaalverify thatinfiltration is
possible. If the infiltration ratis low, remediation may be required or infiltratishould
notbe considered.

Building roof drain runoff maye considereé ¢ | etarmwater and therefore mayot

require filtering or othestormwatettreatment.In thiscase, the rooftop runoff should be

able to discharge directly to a detention ar
treatment activity.The localauthorityshould be consultet determine if this may be

the casand to see if this clean water can reduce the amount-dé&ioresneeded.

When laying out thesidtering/treatmenfacilities, designers should strive to limit the
ratio ofdrainage area to bigland area tbebetween ten and twenty.

3.1 Types of FacilitiesTypes of facilities include, but are not limited to:

a. Filtration- Passingstormwatetthrough plantndsoil media to remove solids
or other pollutants
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b. Infiltration- A facility designed to transfer surface water intogheund
and/orgroundwateflow.

c. Filtration/Infiltration- A combination of the types st above

3.2 Sizing

The sizeof the facility should be appropriate to accommodiagerequired volume of

runoff. In some instanceghe local permitting authoritgnayrequire the first portion of a

rain event or a certain rain event be filtered. example of such a requiremeiutd be

fi A stdrmwaterfrom a 0.5 inch rain event must be filtered prior to being discharged

from the site. o It is recommended that filt:
designed to hold the design volumgugement, assuming no storage takes place in the

rock and soil media of the constructed facility. Meaning, the facility should be sized to

hold the required volumabove the surface of the basin prior to overflowing to an outlet

or spillway.

3.3 Grading

Gradedirectingstormwateiflow to andthroughfacilities shouldminimize velocitiesto
minimize erosionCheck dams may be placeithin a swaleo aidin slowing surface
velocities and promotinmfiltration. (See Detail, Figurellin Appendix A). Basin
facilitiesshouldhavea | at bottom to distribute water eve
sectiongmayrequire a gradient to accommodate elevation change throughout the swale.
This gradient should not exceed 1% sandy soil mediaCheck dams or letown

structures may be necessary to maintain 1%immax longitudinal(with flow) grade

These structures can accommodate gradient drops in excess of 1% due to being
constructed of larger stones and not the highly erodiblesbilomixes used for

infiltration. (Check dams, contours, or berms intended to slow the velocity of water
moving through the facility cannot be made with admd mix or other easily erodible
material.) Transversdperpendicular to flowyradesshould be 0%.

Check dam dimensions and the check dam material should be conservatively sized and
the banks above the check damés weir el evati .
10-year rain event water surface elevation.

3.4 PondingDepths

Ponding depths shoultk as shallow as economicaigasible Typical design ponding
depthsare between hchesand 12inches Smaller, deeper ponding areas mean more
water filtered per square foot and thus the expdifedf the system before required
maintenance will behorened Due to future clogginggonding depths should never be
designed to exceed Ir&chesabove the surface for a facility located within a parking
area. For facilities located away from parking areasnd2ponding depths can be
exceeded, but g0,the area shall be fenced.

If the basins will have vegetation in the botswoh them, consideration must be given to

the plants selected and their ability to tolerate inundation as well as expected dry periods.
This is a limitation, both for plantingnd longterm operation. Designers should

understand typical annual hydrology. For areas that can experience months of drought
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conditions, plant selection should favor plants adapted to these conditions, unless the bio
features are irrigatedf pondinglevels remain elevated for extended perjqaiant

survival is greatly reducedrl'he bottom of these features should not be seeded if they
have the potential to be inundated for more than a few hours at altithey are planted

with plugs, water shodlnot be permitted to pond to a tlepver the top of the plants.

With approval of the local permitting authorityteanporary low level overflow may be
consideeduntil plants reach maturity.

3.5 Ground Water

Thelocal water table deptmustbeknown andconsidered whedesigning these

facilities, as infiltration ostormwatemwill temporaily elevate the water table. Such
elevation couldaturate adjaceptavement base courses and buried infrastructure

causing damageThe minimum depth of thenderdrain system should be specified by

the geotechnical enginesvas to nocompromisahebase coursedeing sure to consider
seasonal and annual fluctuations in the ground water table elevation. It is recommended
to consider ground water elevatidata for at least 10 yeais accommodate possible

periods of mild drought in which the ground water elevation may be below normal for
several years or a reasonably expected high level has not been experienced for several
years.

Anytime infiltration is caisidered, the environmental effects of altering ttougd water
should be evaluated

3.6 Drainage

As with most aspects stormwatermanagement, considering and designing for proper
drainage is critical to the long term success of infiltration #dtrdtfon installations. To

be infiltrated, the watemust first reach the facilityn doing so, howevethe flow of

water cannot cause erosion. It is highly recommended that the flow energy be dissipated
through the use ahultiple smaller inlés andenergy dissipaterslf a singlelargeinletis
required,energy dissipation must be adequate to eliminate the possibility of erosion.
Bio-island inlets should have foreblke features to drop sediment before runoff reaches
the bottom of the basinThese features can be small, rdiked pools and/or small
figreen wall so, wher e dens eThereshouldbkEagmbllant s
drop of at least a few inches, between the invert of the inlet and the forebay feature to
allow for accumultion of trapped material without backing water back up onto the
infrastructure draining to the bisland.

All drainage pipeshould promote positive drainage, be sized appropriately for the
anticipated capacifyanddrain completely after the rain everithe storm sewer drainage
system cannot depend on infiltration to drain these facilities compldteigierdrains

shall be at a depth specified by the geotechnical engineer to protect the paving system
and drain comgltely after the raieventi i.e., all hard piping must daylight and drain

act

completely by gravity when detention/retent.i

elevations
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3.7 SWPPP Design

Final construction of the infiltration/filtration facility shdle done after the area that
drains to it is complete and stabilizetihe designed facilities can be used for sediment
controlduring constructiophowever it isdeal if infiltration facilitiesremain undisturbed
and stormwater is directed around or avrayn these areas Use of facilities as
sediment trapsvill allow sediment to fill pore space the existingsoils, reducing the
permeability. Use of equipment to remove sediment from the traps will cause
compaction of the soils, further reducing pealnéty. If used as aediment control

BMP, maintenance and/or remediation of existing soils will be required. Té#sting
permeability of soils prior to constructiarf the facilityshould be performetb ensure
adequate infiltration.

3.8 Materials

a. Soils In-situ soilsand ground layershould be tested to ensure acceptance of
infiltration. If theinfiltration rate is low, use of infiltration shoultbt be
considered.

-Biosoil mix within the constructed facilitghould promote drainage as
well as plansustainability. If the soil media selected is too porous, plants
may notreceiveenoughwater. Depths of soil media should be adequate for
plant development and filtration.

-The facility should be designed to drain atiaitial verticalrate of two
inches per hour when constructed.

-The mix of organic material, mulch, sand, stone, etc. must support the
specified plants during all seasons and anticipated rainfall conditions.

b. LargeRock(over 4inchmin.)- Hardness and reactivity should be considered
when selecting rock tyge Crushedwashedock is preferred, as it is more
angular and provides moopenspace.All rock should be clean, to prevent
prematurecloggingof the systenand large enough to withstand expected
flows of water contacting them.

c. Small Rock (1/tchclean max. as inorganic mulch)Cover surface areas
to provide shade for the soil to minimize evaporation and aid root moisture
for the plants

d. Mulch (organic)i Wood mulch provides benefits in suppressing weed
growth, holding moisture and nutrients for desired plants, and providing
habitat for microbes and other organisms that aid lilugaot removal and
degradation However, these facilities are designed to be-fhedning filters
and mulch will eventually degrade and turn ifi@sthat plug pore space
and reduces the infiltration rate of the system. Mulch placed in flow areas
will be carried with the water aralentually collect near the facility outlet
structure.Organicmulch can be used, bsthould be restricted to backflow
arear areas with little to no flowComposted mulch is preferred as it will
tend not to float as easily

e. Sand Selected sand shoute uniformly graded, to optimize void spacing,
which allows for more permeability.
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f. Rip-Rap All rip-rap used within facilities should beclesd.e e fiLar ge
Rocko above.

4. PLANTINGS

Plantsshouldbe nativeand tolerant of weanddry conditions Selected plantsiustbe

able to withstand possibirundation for extended periods of tineen though

overflows and drainagaredesigned to minimize théme. Plantings located near

parkinglots should be tolerant of salt that may be usdate winter month$o aid in

snow removal/meltingOther conditions to consider when selectantsinclude shade

or sun requirements, climate and regional suitability, and native andatime plantings.

Native plants generally nedittle or noirrigation once established and therefore may

reduce maintenanceConsideration should be given to locating taliiffer plant species
near overfl ow struct urseusturd. bikewise] atseconsiler as h and
locating shorter plant sp&s near the perimeter of the facilities to reduce intimidation of
pedestrians that might have concerns of snakes and other animals coming from the native
landscape.

Trees planted within these infiltration areas need special consideration as well. Not only
do they need to tolerate periods of inundation and drought, like the smaller plants, but
they need to be coordinated with the smaller plants as to not create &sviaglement,

which could be detrimental to the growth of the smaller plants. Also, the fast draining
soil mix used in these facilities has a high sand composition and may not provide enough
stability to support newly planted treds.is best to avoid lanting trees in the bisoll

mix area. Trees are best planted within the-Etandarea when they are slightly

elevated above the bottom of the basin inswits or in soils with some structural

stability, e.g., structural soils.

An appropriate spealist should be consulted for guidanceptent selections

5. STRUCTURES AND UTILITIES

Light poles and underground utilities (other than storm sewer) shall not be located within
the facilities.

6. PLANS, DETAILS AND SPECIFICATIONS

Thedesigneishould provide sufficient details and narrative in the plans, details and
specifications to fully describe all aspects of thedw@les and bitslands. These plans,
details and specificationsahidincorporate all of the features within this guideline.

7. TESTING

Soil should be tested prior to design and construction of fatlithetermine infiltration
rate Permeability rate of the soil media should also be tested (see exanmid¢o
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placement in the facility The pH level of the biosoil mix should bebetween 5.5 and
for plant health.

Example SoilPermeability Test

1. Obtain two 55 gallon drums open on one end with perforations or the plugs|
removed on the other end. Cover holes with fabric.

2. Set the drums up leviekith the bottoms on bricks or stones, holding them at
leastl inchabove the ground surface.

3. Place 3nchesof pea gravel in the bottom of the basrahd cover with a piece ¢
the filter fabric.

4. Place the specified biosoil mix on top of the filter fapfiing the barrel to
within 6-8 inchesfrom the top

5. Add water to the surface of the biosoil mix until a steady stream of water is
running out of the bottom of barrel

6. Add water until at least Bichesof water is in the barrel above the top of the
biosdl mix and measure the rate of fall for the nexnéhesof fall.

7. Percolation through this mixture on this test should be at a rate of a2 least
inchesper hour. If the rate is less thadinchesper hour, subsequent tests shal
be performed using couwmssandvith fewer finesuntil a rate of greater thah
inchesper hour is achieved.

—h

8. INSPECTIONS

Inspectionshouldbe conducted and performed as necessary to ensure proper
construction and/or maintenance.

a.
b.

Infiltration capability of the entire sitghall beevaluated prior to site design
Verify the overflow structurewithin infiltration/filtration facilitiesare at the
correct height for proper ponding levelsd below flow line elevationsf

inlets to the facility

Verify perforated drain pipe eletrans are above outlet structure flow lines
and hard piping eventually daylights and drains completely via gravity flow
Infiltration rateof underlying existing soilshall be tested in the area of the
infiltration facility prior to constructiorand filling with biosoil mix

The bosoil mix shouldbe tested to demonstrate drainage rate in excess of 2
inchesper hour (see Figure 1, Soil Permeability Test Example above).

pH level of the hosoil mix shall be tested to verify it between 5.5 7

Basin areaflat to within 1.5inchesto spread water and infiltration
throughout the basin.

9. MAINTENANCE

9.1 An Annual Maintenance plan shall be included indesign documentatiorRoutine
maintenance itemselow,should be included wittheregularsitelandscaping
activities for these facilities:
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Plant maintenance (trimming, removal of dead plants)
Erosion repair

Trash removal

Invasive species control (pulling weeds)

Mulch replacement

®oo T

9.4 AnnualMaintenance operations and inspections include, butcdamited to:

a. Drainpipeinspection andleanout
b. Inlet/outlet maintenance
c. Sediment removal
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10. APPENDIX A (Example Details)

“NO PILING "DO NOT MOW" SIGN

SNOW” SIGN

INLET STRUCTURE

IVL\ STORM SEWER
/ PIPE (TYP)
N\

~ >

4" CLEANOUT WITH
THREADED PLUG, LONG,
RADIUS 90" (TYP)

CURB CUT /J\

4"—6" GABION STONE, GEOTEXTILE
FABRIC LINER 60z NON—WOVEN
FABRIC — BETWEEN STONE AND
SUBGRADE/SOIL MIX

; 4" SMOOTH WALL POLYETHYLENE DRAIN
i ~ ; ; PIPE. MEETING ASTM F810. BALL AND
MOW™ SIGN 4 SPIGOT JOINTS. 2—HOLE, 120° HANCOR
) ; PRODUCT CODE DW 2ER 04 0010 OR
EQUAL. PLACE WITH HOLES DOWN.

"NO PILING
SNOW” SIGN

TREE (TYP)

PLAN VIEW

Figure 1 Bio-Island Plan View

CATCH BASIN (NYLOPLAST 24") 2"¢ WEEP HOLE 1"—-2" ABOVE
WITH DOMED GRATE] GRADE (OPTIONAL)

INLET EL. 4" LOWER THAN
LOWEST CURB INLET FLOWLINE
4" CLEANOUT WITH THREADED
PLUG LONG RADIUS 90" (TYP)

1" DEEP ON FLAT R GEsTON
/ _—PAVEMENT

BOTTOM
JJ \—CURB INLET (TYP)
y/\lﬂ SLOPE

PEA GRAVEL OR 1/2"
- 2:1 SLOPE
MINUS CLEAN STONE- /7%._ & Capion STONE (TYP)
ONE
VARIES
\

GEOTEXTILE FABRIC —=~ 3
LINER 6oz NON—WOVEN N,

FABRIC BETWEEN STONE
AND SUBGRADE/SOIL MIX .\ ¢ e /AON. AL P B \7\\;5 MIN. BIOSOIL MIX
2" CLEAN srouzj 5 m%%\ EA GRAVEL 3" DEEP
10" DEEP (2) #5 REBAR = ANCHOR BASIN TO 4" SMOOTH WALL POLYETHYLENE DRAIN
GRANULAR BACKFILL. PREVENT FLOATING PIPE. MEETING ASTM F810. BALL AND
SPIGOT JOINTS. 2—HOLE, 120° HANCOR

PRODUCT CODE DW 2ER 04 0010 OR
EQUAL. PLACE WITH HOLES DOWN.

SECTION A—A
NYLOPAST INLET

(FOR INFILTRATION SYSTEM)

Figure 2 Infiltrating Bio-Island Profile (with Nyloplast Inlet Structure)

February 18, 2010
Page8 of 16



TOP OF CURB 5 .
F’AVEMENT\ \ 12° 12 4"-6" GABION STONE (TYP)
» 24"
12

I | —2:1 SLOPE
lL.— PEA GRAVEL OR 1/2" MINUS CLEAN
6" ° STONE — 1” DEEP ON FLAT BOTTOM

QGEOTEXTILE FABRIC LINER 6oz

24

NON—WOVEN FABRIC BETWEEN
STONE AND SUBGRADE/SOIL MIX
1:1 SLOPE

\35" MIN. BIOSOIL MIX
\:5" PEA GRAVEL

2"¢ CLEAN STONE-10" DEEP

SECTION B—-B

Figure 3 Bio-Island Profile at Curb Inlet

TP OF cUrRB ~ 1 & ™ NATIVE PLANTINGS PER PLANTING DETAIL—
NO ROCK ON SLOPE OR NEAR CURB

2:1 SLOPE

.——PEA GRAVEL OR 1/2" MINUS CLEAN
STONE — 1" DEEP ON FLAT BOTTOM

™ 36" MIN. BIOSOIL MIX

PAVEMENT /

1:1 SLOPE 3" PEA GRAVEL

LY 2"¢ CLEAN STONE-—10" DEEP

SECTION C-C

Figure 4 Bio-Island Profile Behind Curb

Figure 5 Bio-Island Detail
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