Bioretention as Green Infrastructure
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Bioretention
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R ====1 Rainwater & Land Development
Chapter 2.9 - Bioretention

e Released March 2023

o L] L)
° Ap olies to small-scale bioretention at
Description
L] L] L)
Bioretention is a shallow depression over an excavation that is backfilled with an engineered media (soil) and
vegetatad. It iz among the most effective and versatile stormwater management practices. The gradual percolation of e I l l I V I | l a ev e O I I l e | l S ‘ a e
ponded runoff through a vegetated media supplies many different runoff treatment mechanisms including

sedimentation, filtration, sorption, biodegradation, nutrient azsimilation, transformation, and thermal mitigation. An
anaerchic zone or potential sorptive amendments added to the media may enhance the removal of nutrients. Once
through the media, captured stormwater can infiltrate into the surrounding subsodl which reduces the volume of runoff,
attenuates discharge rates, and recharges groundwater. Where soil infiltration rates are low, an underdrain below the
media can be installed to discharge excess runoff to a storm sewer or a downstream channel. This chapter applies
bioretention on a small-scale at the individual development level.

Credits
Table 2.9.1 Credits for Bloretention Meeting the Criteria in this Chapter
Objective Credit
Runoff Reduction Practices that infiltrate the Water Quality Valume | 100% of the Wy,
Volume (RRv) W0v)

75% of the Widw in HSG B il
50 of the Wiav in HEG C soil.
25% of the WiQw in HSG D sail.

Practices with an underdrain above & 15-nch
internal water torage

Limed practices Mone,
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Key Thoughts

1. While frequently promoted, bioretention is not the answer for all sites
cons: maintenance, costs, risk, design complexity(?)
pros: multifunctional space

2. Originally an LID concept that is most effective when:
- many small (decentralized) practices are used
- integrated into the development layout (in advance)

3. Construction plans need to include fine details
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Soil Based Designs

Field Saturated Conductivity (Kfs) *

2 0.50 inches per hour WAQy infiltration (true bioretention)

Partial WQV infiltration w/ IWS &

<0.50 inches per hour underdrain (adapted bioretention)

Any infiltration will be detrimental |liner w/orifice (Biofiltration)

* at elevation of subsurface infiltration bed
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Infiltration Volume (RRv)

Design HSG RRv (% of WQu infiltrated)

Kfs 2 0.50 in/h
s 20.50 in/hr A 100%
" " B 75%
<0. I
Kfs < 0.50 in/hr C 50%*
D 25%*
Lined 0%
* with proper construction
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Soil Based Designs

Kfs < 0.50 in/hr

Kfs = 0.50 in/hr desktop
planning

evaluation

1. Measure a design Kfs 1. Soil borings must confirm the

2. Use the design Kfs to size mapped soil texture. (Map
the infiltration bed area to units w/ Bt or Bx horizon
exfiltrate the entire WQv must be sampled for
within 48 hours fragipan)

2. Use IWS/underdrain design
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Infiltration Tests

 Kfs =0.50in/hr

* See Rainwater & Land
Development Chapter 2.17
(provisional, to be updated)

* In-situ soil (field based) not
lab (core)
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Internal Water Storage Design

b) Bioretention with an Underdrain and Raised Outlet to Create Internal Water Storage (IWS) for Partial
Infiltration of the WQy in Poorly to Moderately Drained Soil

Capped
ig'::;er _\ @/Pk&nts (throughout) * /Auxiliary Outlet
A
’@,;b == ;% V4

i/ = Ponding Depth
%,:, WQv Storage (< 18 inches)
Mulch (2-3 inches) I f
\ | = ; | ~Raised
_ ) Filter Bed Surface Area L y Outlet
Media (2 24 inches) (2 4% of impervious drainage area) , / I
‘1 ~Capped
| + @ ' ’/_Cleanout
Choker (3 inches) o] /
Drainage Layer. | ' ' ——15inch IWS Outlet
(12inches) | 00 0 00 OO0 OO oﬁo © 0000000 0.
Scarified Infiltration Bed ‘ Cu et
Partial WQv Infiltration ““-Watertight Seal
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Infiltration Bed as as a Structural Component

Plants (throughou

WQyv Stora

~\-Filter Bed Surface
(2 4% of imperviol

Partial WQyv Infi
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Infiltration Bed as a Structural Component

* To preserve the design soil infiltration rate and the RRv credit, require:
1. excavation take place only in dry soil conditions,

2. excavation take place from the perimeter or use protective mats if equipment must be
operated within the bioretention excavation to minimize soil compaction,

3. the builder rakes the soil surface a few inches deep with the teeth of the excavator
bucket during the final excavation pass or a similar method; and

4. any unavoidable soil smearing or surficial compaction be remediated by tilling,
scarifying, and/or fracturing the soil surface once it has dried.

* |f efforts to prevent compaction and smearing cannot be included in the plans,
conduct infiltration tests after excavation to confirm the design Kfs
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Designing Bioretention in Accordance with the Rainwater and Land Development Manual

SIZING
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WQv Geometry

b) Bioretention with an Underdrain and Raised Outlet to Create Internal Water Storage (IWS) for Partial
Infiltration of the WQy in Poorly to Moderately Drained Soil

Capped Plants (throughout) | ”

Auxiliary Outlet
N @/ S o
’@,;b . j& \V4

% = | Ponding Depth s b
/}490 @ WQyv Storage (< 18 inches) . .J ‘ y
Mulch (2-3 inches) A f ' t -
__ N )| Raised
_ _ ' Filter Bed Surface Area | // Outlet
Media (2 24 inches) (2 4% of impervious drainage areaj ‘]
. "9

. / Capped
_ + @ /Cleanout
Choker (3 inches) , ] /
Drainage Layer | ' ' ~——15inch IWS Outlet
(12 inches) | - ooooooooooﬁoooooooooo.
Scarified Infiltration Bed ‘ Sue 4T,
Partial WQv Infiltration “-Watertight Seal
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Filter Bed Surface Area & Ponding Volume

Credit: Montgomery Co. MD
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Filter Bed Surface Area & Ponding Volume
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Designing Bioretention in Accordance with the Rainwater and Land Development Manual

MEDIA MIX
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Table 2.9.2 Bioretention Media Specifications

USDA Soil Texture
Classification

Loamy sand.

Clay Content

The mineral fraction of the media shall be no greater than 10 percent clay per
USDA classification (< 0.002 mm) by weight.

Sand Content

The mineral fraction of the media shall be no less than 80 percent and no more
than 90 percent medium to coarse sand per USDA classification (0.25 to 1.0 mm)
by weight.

Organic Matter

1.5 to 5 percent by dry weight as determined by percent loss on ignition (ASTM-

Content D2974).

pH 5.5 10 8.0

Phosphorus Not to exceed 40 mg/kg as determined by the Mehlich-3 test.
Soluble Salts 500 ppm maximum (soil/water 1:2).
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Designing Bioretention in Accordance with the Rainwater and Land Development Manual

PRETREATMENT
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Pretreatment

Functions:

1. Remove sediment
2. Collect trash

3. Grade drop

& Sheet flow through
grass filter
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P re t re a t m e n t Top grate captures leaf litter and coarse debris

™ Drop inlet

Forebay w/ spreader weir -
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Pretreatment

Rock Pad
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Designing Bioretention in Accordance with the Rainwater and Land Development Manual

OTHER COMPONENTS
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Vegetation (the “bio” in bioretention)

eﬁnyjiTF(Vaughan, Ontario)

( T —
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Vegetation

CONSTRUCTION SEQUENCE FOR RAIN GARDEN T DEETENTICH BNCM INETAL ATEN RAIN GARDEN - PLANT LIST
e i = TP A a, UPON CONMPLETING SUBGRADE WoRlK, NOTFY THE ENGINEER TO INSPECT AT HISHER
BASIN: DISCRETICN BEFCRE PROCEEDING WITH BICRETENTION IKSTALLATION
—N' b, 7R THE SUBSURFACE 5TORAGE SNFILTRATION B2D INGTALLATION, SOLE SHOULD B2 ary. | cobE l COMMON HAME I BOTAHICAL HANE III'I'H.LB-I CONDITION
PLAC PECIIE
1. COMPLETE SITE GRADING, PROVIDE PROTECTION SO STORMMATER RUNCET |3 PROJIBITED & THE I:Euns.":r*mr:.HrE;:.;hmﬁﬂr?slrl:i?uﬁflt&um;:'mramtﬂ THE PLANS AND A% SHRUBS
FROM ENTERIGTHE PIORETENTION BASI DIMRCDORSTRUCTION [HAECTED BY THE EXGINEER. THE UNDERCRAIN SHALL BE CONNECTED DOWNSTREAM TO p Py WNTERBERRY HOLLY " ILEX VERTICILLATA T CONTAINER
R THE BRECIFIED DRAINAGE ETRUCTURE. THE UNDERDRAIN SHALL BE CONSTRUCTED WMTH e - 3 I = e
- A MINIMLM 0,5% ELOPE. . ) : |
3 EMETING SUBGRADE N BIORETEHTION BAGIN SHOUILD NCT BE COMPALTED QR GLBECT a4 Fl_mnm:-.sgr_ EE::JJL:'_\E FLACED IMMETIATELY AFTER AFPROVAL OF BUBGRADE | i il ' o |
T EXCERSVE CORMSTRUCTION EQUIPMENT TRAFFIC PREPARATIONBED INSTALLATION. ARY ACCUMULATION aF SERRES Of SESIMENT THAT - A= BDTTLEBRLUISH BIACKEYE AESCULUS PARVIFLORA, 5 GAL, CONTAINER
PP LN G R PRRECRH R DU IHG EECHAH B TR GELAN MG, ST BRI L TAKES BLACE AFTER ARPROVAL OF SUBSRADE SHOULD BE REMOVED PRISR TO =
KT BE CARFEIED TOWITHIN ONE FOOT OF THE FINAL BOTTOM ELEVATIOH. FINAL [WETALLATION OF PLANTING SCIL AT NO EXTRA COST T0 THE CMNER | - ] AR CHO®EBERRY ARQNIA 5P JGAL CONTAINER
e A= e g I THE DRRMACE # INSTALL APPROVET PLANTING SR IN 18NCH MAXIUM LIFTS: AND LIZHTLY COMPACT : IV HENSY'S GARNET SWEETSPIRE ITEA VIRIGINICA ‘HENR'Y'S GARNET' 1GAL CONTAINER
ABMLIEED. WP WITH BACKHOE BUTKET R BY HAND]. KEEF EQUIFMERT WOVEMENT OWER
¢ WHERE ERCSION OF SUBGRADE HAS CAUSED ACCUMULATION OF FINE SATERIMLE il : ! ?_u : PrY SOCARPUS OPULIFOLIUS
PLANTING SCIL TO A MIKIWUS - D0 WOT OVER-COMPACT. [MSTALL PLASTIRG SOIL TO pa EUMMER WINE NINERARK 3 1GAL CONTAINER
ANDICR BURFACE FONDHIG IH THE GRADED BOTTOM, THES MATERIAL SHOULD BE GAMDES INDICATED ON THE DRAWMNGS. LOADS ON THE S0IL SMoULD NOT EXCEED FOUR ‘SLIMMER WINE'
REMOVED WITH LIGHT EQLEPMERT AN THE LINDERLYING SOILS SCARIFIED TC A MIKIMUM MO BTt BCUARE MCH : =
DCENF S SOE PSR TV A ORI SAGE OF PRt TVLERTIEF LGET]- THAGYOR, I. FRESCAK THE PLAKTING SO AT LEAST 28 HOURIS FRICR TO PLANTING VEGETATION Ta ORNAMENTAL GRASSES & PERENNIALS
d. BRMNG SUBGAADE OF FRCRETENTION ARE A, TD LINE, GRADE. AND ELEVATIONS INDICATED " AD | SETTLEMENT i KARL FOCRSTER FEATHER REED CALAMAGROETIS ACLTIFLORA KARL [ =
FILL AMD LIGHTLY REGRADE ANY AREAS DAMAGEL BY EROSION, PONDING. DR TRAFFIC o, PLANT TREES AND SHALIRS ACCORTING TO SUPPLIERS RECCMMENTATIINS AND CHLY - Ch GRASS FOERSTER" IGAL | CONTAINER
COMPACTION. ALL BICRETENTION AREAS SHOULD BE LEVEL GRADE On THE BOTTOM. FROM MID-MARCH THROUGH THE END OF JUKE OR FROM MID-SEFTEMBER THROUGH g o T e s AR LU FEEATL N HE AL REETAL T CONTAINER
WID-HCWEMEER. g, N e R il Rt e b e B ot i ook 7
4 STABILZE THE GRADING EXCEPT WITHN THE BIORETENTION BASIN. THE BRORETE NTION BASH : - . z -
MAY B USED A5 A TEMPORARY SEOMENT TRAP PROVIDED THE PROPOSED FINISH ELEVATICN " E;ﬁmgf, :;Eﬁ&gﬂfﬁ:g;::a';meﬁfgmm‘E;f- sl =] TUSSOCK SEDEE CAREX STRICTA 2GAL. CONTAINER
©F THE BET IS AT LEAST 12 NCHES LOWER THAN THE BOTTOM ELEVATION OF THE SECBMENT CROUND COVER 1 T E GANSS O WHERE GOVER WiLL BE ESTABLISHRD BT SEECING z AT BUTTERFLY MILKWEED ASCLEMAE TUBERDSA 2 GAL, CONTAINER
TAAF [IF USED AS SUCH, ALL ACCUMULATED MATEAIAL AND AT LEAST 12 INCHES OF BOIL PROTECT THE EKIRETENTION BASIN FRCM SEDWENT AT ALL TINES DIEAING -
& MCWVED . E chiye = et = AZ ASTERE ASTER 3P. 2 GAaL. COMNTAINER |
SHOULD 3E B CONSTRUCTION, APPROPRIATE MEASURES SHOULT BE USED AT THE TOE OF SLOPE ! 2t N
A EXCAVETE THE BICRETENTION BASIN TO PROPOSED INVERT DEFTH AND SCARIFY THE m’g:i:ﬂ:ﬁ:&ﬁ;fﬁumu'EE,_E:_:'JT;TE“E‘?‘H" T IAEWENT. SECRMENT FROMWOGH IMe = L _ CARDINALFLOWER LOBELIA CARDINALIS 2 GAL CONTAINER |
EXISTING S0IL BURFACEE. [ WOT COMPACT BORE I WHEN THE SITE IS FULLY YEGETATED AND THE SOIL MANTLE 1% STARILIFED, NOTIFY THE - ZEC |  SOLAR CASCADE GOLDENRO SOLIDAGD SOLAR CASCADE' 2 GAL. COMTRAINER

PLAN DESIGNER T3 IMSPECT THE BORETENTION BASIN DRAINAGE ARES AT HISHER
DHSCRETION BEFORE THE AREA B BROUGHT CHLINE AND SEDIMENT CONTRCL DEVIGES
RENCAED,

BACKFILL THE BIORETENTION BAZSN WITH THE S0IL MIXTURE AS SHOWH ON THE DESIGN
BLANS AND SPECIMICATIONG. OWERFILLMG |5 RECOMMENDED TO AQCOUNT FOR GETTLIMG,
LIGHT HAND TAMFING |5 ACCEFTABLE IF NECESSARY.

=

HOTE:
RAIN GARDEN LIET 12 HOT COMPREHEMNENVE. N OUANTITIES
ARE SHOWN - DETAILED PLANTING PLAN AND LIST WILL BE

B, MULCH ARD INSTALL ERCISION PROTECTION AT SURFACE FLOW ENTRANCES WHERE EROVIDED PRIOR TO CONETRUCTION

E. COMPLETE FINAL GRADING TO ACHIEVE PROPOSED DESIGH ELEVATIONS. LEAVING SPACE FOR MECESEARY

UPPER MULCH AS SRECIFEED OM PLANE

Bmmmrq‘l

GARDENS *
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Importance of Mulch

. "1 p
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Vegetation

No-Mow Grass
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Thankyou & Questions?

Justin Reinhart
614-705-1149
Justin.reinhart@epa.ohio.gov
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