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1 I ntroducti on
Waterways and other aquatic environments are valued by t
economic and environment al benefits. Urban runoff, cont e
pol | utaalivtes sely i mpacts these valued resources.

Wat er Sensitive Urban Design (WSUD) is a holistic approec

|l andscapes that minimises these negative i mpacts. Using
technol ogy that considers the adi wislpecltanddcapme a&nd ee c dlwc
design, spaceanedf faipcpileinccayt i on at a variety of scales, bio
biofilters, bi oretention basins, bioinfiltration systems

useccatment technology.

The key function of bioretention systems is to remove poc
filtering the stormwater through a densely vegetated anc
As the water percol ates ,t produd gh atnhe fairlet eraprmeadieal by fi n.
bi ol ogical processing by both soil mi crobes and plants.
conveyed to downstream drainage systems such as swatner way
also contribute to managing hydrology by slowing the rat

e

environment and reducing volume through evapotranspirat:.i

Through careful integration and a coll aborative design &

multiple benefits. These benefits include:

T Conserwathgr through the passive irrigationwhifchamedeca®
the demand on alternative water sources for irrigation

1T Creatodrngenhancing green spaces within the urban | andsc

T Proviamemity and aesthetic values for the community

T Mitigamiinomg fl ash flooding

T Proviwnmagn cooling

T I ncr edsibng asuapadrutribnagn ecol ogy.

When multiple benefbiitosr eatreen taicobhe lepvyesde € ms es oc mpbrtanttur al
economic and environment al outcomes for the community ar

Bi oretention Technical Design Guidelines Page?2
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" Design Development Detailed Design Establishment Overation &
Plannlr;%aa;cbii"(:oncept (Development (Operational Works Construction (Defect Liability Mell)intenance
Y Approval) Approval) Period)

Localguidance may apply in some circumstances

Fi gurTehe WSUD timeline and supporting guidelines

1. 1Hi story and context of the guidelines

A comprehensive suite of tools and gui daVvainleabldeviedopepp
pl anning, design and i mpl ement athidom egyhinl@dUB! uat Qatenst he

and how they can be used in the context of a typical ur k
Thewater Sensitive Urban Design Technical DegiWan e@®uibdel ir
Design) were first released in June 2006. They provide ¢
establishment and maintenance of various stormwater maneé

bi oretention swal Ebheereed dbasises i n setwvkralghdatpttemes gui de

=

Chaptdrnfiroducti on

1 Chapt é&éBi 8retenti.on Swal es
Chapt ®&Bi 6retenti on Basins

T AppenddRIlI &adnt Sel ection for WSUD Systems.

=

Since these guidelines were first published, the design

Bi oretention Technical Design Guidelines Page3
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With the rVelrsdehO ) Bheretention Techni c,alalDleshigmnr etue rdtei

referenceMatier tSheensi ti ve Urban Design Technical Design G
(Water by Design) were superseded by either that documer
Versi oph2@p4dvdfdeert her information on drought resilience

sel ection.

This r&ersiom) (brings together knowledge from an additio
i mpl ement ati on hteo fprWpodwaitelegd gui dance:

T Addition of a fifth drainage profile. Changes to the n
profiles2()®ection

T I'ncrease of the minimum firmetro mealld Kedheptth DFfomnHo@ddi
depth requirements 2f)dr trees (Section

T New section on how to design bioretention for differen

2.)6
T New section on functidnhl design (Section
T Updated guidance on filter m@dida2sdecifications (Secti
T Rewor dtiamlgari fy the section relating to set3ti3ng.tdhe max
T New guidance on how to prepare the base of bioretentio
(Sect3i.@n 4
T Refinement of guidance on acceptable an8d. 3nacceptable
T Enhanced guidance on how to configure J3.a4)g®. bioretent.
T Cl aritfhiaegd fi ni shed surface |l evelsafifdfoowbat ops ®i3é M).Se Bme
T Clarification of guidance regarding wal |l ssi(taub cswéa | gr o usSn
3. 4.am.d5 SeB8t 49./5. 6
T Enhanced guidance on mainted.aphck access (Section
1T Additional guidance on the design of st 3e®atn&dc aSpeec thiomr e

3.9%..8
T New guidance and clarcdllca¢c atoinomewiatrldi chg@t edn.td.omhlkdbacd ns
i mmunity require3medn)tlsO ( Secti on
New advice regarding sedi ment capture 3.n5x3r2z2etscape b
Further guidance on the use of energy dissipation and
3.5).3.3
Additional guidance on designing inlet poRgd$)fBod | arge
New information on how to manage bas3®*.f.06vs i nto bioret
Enhanced guidance on flo®%. §i8tribution (Section
Reduce requirements for underdr a3 .n@a)gke. tl eanout points
Al terations to pit and riser configur&tbdpasdfor satur a
Gui dance on the use of temporary upstands 6d.Ur.i5Sng pl ant
Change to recommended raised dome grates r3at6h.€r. 1t han r
Expanded vegetation design section with much gr éawer f
mai ntenaoncgystems. The use of trees is now the default
overriding reason not t®.)7nclude them (Section

= =

=A =4 -8 -8 -8 a8 A -9
o o
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1. 2Structure of the guidelines

Each of the five
bi oretenti olm bdys

Tabl.&S&tructure and

Structure

Chapt @défrntlroductio

chapters of this guideline describes

témmes the content of each chapter.

Boorenenoif onhdechni c.al Design Guidelines

Cont ent

Introduces bioretention systems and the

history, context and structure of this
Chapt ®&Ba2kground Provides background information critica
bioretenti dessysbemst he key features, p
drainage profiles of,abi wekteansiontbsysta

situattheywscan bel mtprpdcuwcespt s and nomen
throughout the document.

Chapt é&be8ipgrnoces s

Documents a desi ganppplracecseoss ttthat br oraadn gse
ofconfigurations of Dbioretention systems

they can be applied. Each component of
individually. Design details provided a
and 6recommended Thppdpaclhi ®r mance outcon
outcome to be achieved in designing eac
system, while the O6recommended tépmpgs oparcch
to achieve the performance outcome. Thi
essential aspects of bioretention desig
encouraging innovative approaches to de

Chapt &@d6pédci f iguitd ¢

Provides standard specifications for ty
ensuring they are constructed correctly
exampl ewheare appro@piiead edirectly into te

Chapt ®&Wobkedampl e

Provides a worked example of the deussiégm
guided through the process of designing
with the recommended approach outlined

Bi oretention Technical Design Guidelines Pagéesb
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2 Background

2. 1What are bioretention systems?

retention systems are shallow depressions in the urbeaea
rmwaaheayr.e i mpl emented as standal one treatment systems
| udtimgr tregpeoesnutch as coarse sedi ment forebays, gross
i ment bawoitrher Theadmehp tgpeapture sedi ment prior to
bi oretenFig@depisitiean c o mp o nae nttysp iocfa l bi or et whrti igalmdes y s
Se2t@romy ifdueastinefror mati on regar di ng, tohfe wdhriaci hn atghee rper oafriel
figurations

>
® O O O O

=)

or mwvater conveyed to a bioretenitbnosgbtemdéssélrgavede
bi ologically active sand and | oam filter media. As the v
Il lutants are captured byanfd nbei ofliogtircaatli opnr,o caedsssoirnpgt i boyn b
ants. Treated water discharges to groundwater or i s coc
downstream drainage systems such as waterways, channel s

As well as removing pollutants, bioretention systems al s
as a result of wurbanisation. For exampl e,i nr unhoef fe xftreonnd esdr
detenti ombaoweet he surface and sl owfylpercmedias 8Bgrdeghy
of stormwater, bioretention systeembsopaernmi swdrha kapg ghtass ed f
regi mes and reduce pressures on urban streams. The vol un
evaponsrpai ration or infiltration into the surrounding soi

OUTFLOW MANAGEMENT

| l FILTER MEDIA | INFLOW MANAGEMENT |

Extended detention Vegetation Coarse sediment removal

Embankment Overflow pit Bund / embankment

V e Maintenance
- R access

Weir " ~&————— Inflow pipe

Cl triser
= = = 74 pipe

&

Outlet —

Filter media Transition Drainage layer Liner

layer with underdrainage

Fig@rComponents of a typical bi oretention system

Bi oretention Technical Design Guidelines Pageb6
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e main components of a bioretention system are:

Fi Ilneedrida sand and | oam mix that supports vegetation an
media is a60ylio0aDl Imym deep. The filter media Bbibaeeensi
swal es.

Transliaydaemar se sand | ocated under the filter media as
medi a pafftomilgesati ng into the drainage | ayer, perforat e
wat ervaanyd the surrounding soil

Dr ai nlaggyedear f i ne aggregate | ocated under the transition
the filter media and transition | ayer from washing int

Under dr adsnage ed or perforated underdrainage pipes that
the bioretention system. The exact configuration of th
bi oretention system being. )dasilgnge Os ®e e a cyttgieam unyd tod

coll ector pipes  amiecmheecprebented/ perforated pipes to
Li ndfmar | ayer surrounding either or both the base and sic
either permeable or i mpermeable. The need for a I|liner

system being desigheé4d (see Section
Hydr asit r acdtuy eisd anlcll yvadheds nfl ow pi pe, over flHywr rp@iutl j cout | e

strucstoameey stormwater i ndgyst édmdidbshahreaeertgeentiitonafter trea
Bunds eambdank meédetast hen structures necessary to integrat
surrounding topography. They vary in size and sl ope de
the system, and serve to detain water prior to filtrat
Extendetdendd ondI00 mmnaebove the ofunfthaecdi orettemat on syst
temporarily stores stormwater before it infiltrates 1in
created by raised pits, weirs, or other hydraulic stru
surface of the filter menrdé aofandt a nmweaetasre rtthreofvfolt hat ¢
Veget adiinonconj unction wietghetsagdslotnbeobbigygl ogical 8 compon
syst&€mstical for stormwagett atkesntumpemtutri ent s, support s
(crucficarl pol |l utant removal), mai ntains and enhances the
up the surface of the filter media to help to prevent
systems (grasses, sedges, shrulextemd etdr edasy) preu dtodse atha
i nunidan .

Coarsedi memdv de dedi cated area to capture and store co
sedi ment reypvadlmpg i sed of either a coarse sedi ment fc
although gross pollutant traps.Sonnde sfwoarl ness oafr ec osaornseet i snee
remowdlso help dissipate energy and protect against scc
Mai ntenaccedas dedi cated access to t,wehilcihoradtl entsi d o rs yeat
costf f echaivret enance.

Cl eanmiuderdapn puenperforated upright pipe caecmhdéetcadrt @itph
andin some instuadeedrat hetge plilpew i nspection and cl eani
underdrainage.

2Context I n the |l andscape

oretention systems are flexible in size, shape and apr
nge of | ainrdcslicuadpiersg i ndi vi dual devel opment sites, all ot
recourts, parklands and adjacent to riparian and bushl
signed to seamlessly integranetiwey hcdmebée oxapr é minmercta
ature. The foll owi ng csaytsetgaoma epsr oovfi dbeido rteoct esnhtoiwcnas e t he
pli caddathnisgnd and contexts within which bioretention s

oretention Technical Design Guidelines Page7
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2.2. Within allotments

Bi oretention systems may be | ocatedrFiwi@che pniscatl d wnt mexd mp loe&
bioretsiytsisemmcat ed withénBaloretrmeent on systems within al/l
of raingardens on individual residential |l ots or small &
mul-unit devel opments. They have shal mmwbelrofwadcde, ruswallo
and accept stormwater via sumell hamefiepevs .anTdh esyh atl y piwgal |y
filter media swebD@ee area of 5

1S EVERY
™ RESPONSIBILITY!

Fi gBreExamples of bioretention systems wiSthlaium dleli htsmpamicgkht Phot
I al

Mul |;albytt oRwmblienf tAl bbs boharcikg Mu)] y

2.2.2n the streetscape

The streetscape is an effective and attractive |l ocation
systems are integrated into roadbués eovwuérsovne rtdghdey Kaera dt r(a f f
Figbre They receive and treat stormwater before it enter
them to be i mplemented on flofpi pepbgpeapmgnivhbeareeafit en

|l evel constraints.

Streetscape bioretention systems are eefntterny |poctast endo uw hde rue
(e.g. road | ow points and road intersections). Bi oretent
needed to accommodate the miapprograianhageopietr ) (wiAshsuch,
in the streetscape do not dictate the depth of the minor
streetscape systreamst riisc theodvelvyerot her streetscape componen

pavemeanhsd, underground services corridors, which are defi
Streetscape bioretention systems typicall 950 &meT hae tfoitlatle
media surface is not substantially | ower than the adj ace

Bi oretention Technical Design Guidelines Pages8
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Design Guidelines f ofrWaWaetre rb yS enessiitginv)e pUrobva nd
bioretention | ayout.

DESI GN NOTE:

Mai ntenance costs of streetscape biore

S reet slkeiapreet swytsit @ms

treat ment area of systems | ocated within and adjace
governments
i mpl ementing

may have

systems.

streetscape sytst émseduensaf i teeabnmtdw
pipe system), designers should check with the relev
streetscape

are often (but not al ways) mor ¢

a g@neéfpe pEyncteemdrowairc hstreet sca

Services & footpath zone"l

Property boundary

Extended detention

min. 50 mm I Road pavement
100-200 mm —] ' (.

Shrubs & trees planting included
’in gardens to batters*

Inflows via kerb

2000 mm Bioretention |

(min. 600 mm)

Overflow pit**

=1

Bioretention layers ——s _| | o—— Outlet pipe to

*subject to local authority requirements
** Alternatively, a standard side entry pitin
adjacent kerb and channel may be used to

accept overflows.

FigurSe reetscape

Bi oretention

Technical

%L_J drainage network
Underdrainage

bi o-setenbhon cross

Design Guidelines Page9
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FigbEgamples of bioretention syBhetmss cinegdihfee fstt r Bledh stc@apern ngh te r
bottom | eft, Jack Mull aly.

2.2.3Within civic space

Bioretention systems can be integrated imitg®yc.e vTihce ys pcaache s
be combined with stor mwapetabhevastesnguthrasohandscape i
water features or within buildings for flushing toilets.
civic space biemstemdilodh sogmpgl ement the surr,abhndi ngcuula
mass planting of a smal/l number of plant species with | c

Civic space bioretention systems are designed with the f

adjacent urban spaces. A difference of |l ess than 500 mm
can be directed onto the kgihorsentadndt i srhad drofwa de atimrsoy e. g.
total filter media surface area of civdkOm?pace bioretent

Bi oretention Technical Design Guidelines Pag20



Fi gbrEexampl es of bioretention syBhems owieédinhscitvop Glpafcte and r
|l eShaun Leinster

2.2.4Ni thin and adjacent parkland

Bi oretention systems can be easily i ntFigg®@rte dl hwist thiars drh
benefits of increasing continuity of green space, engagi
providing opportunities to reuse stormwater. Planting of
compl enetnstur roundi ng | andscape space andundet stdpeaydsver
along with trees and shrubs.omfPhkeatiegsshould be includec
Parkland bioretention s¥ydptiepnes sayrset etnysp,i craelcleyi veinndg i nf |l ows
Howeveome are desispruad easyastt ems to receive overland f1l o\
some can be designed t o-offuinkcd i oo west & og )hsteeads. Par kl and

systems can be sited within fl otoar dred ccind i @ame a nd fr appd m kulcd n
systems i s ot8yYymecally 50

Bi oretention Technical Design Guidelines Pag21
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Fi gudrEexampl es of bioretention systems. wPhboio aenddiadsaceoap tef p,
top right, Jack Mullaly; bottom (left and right), Jack Mull aly

2.2.Adjacent to natural areas

Locating bioretention systems adjacent to natural areas
way to achieve benefits above and beyond traditional st
Bioretention systems | ocated nextovteo ahadt gralenasepasecemmalr

wildlife habitatFiagh®) .enolVvheerye matl s(o have the potential to r
through reducing edge effects and shading weeds.

Bi oretention systems adjacent to natural areas are integ
creates systems with informal shapes and gentle batter s
systems shoul dt b®ewmpid emredeitng | andscapestarnudc ti inrveod veen da dniev d
|l andscape including grasses, sedges, shrubs and trees.

Bi oretention systems adjacent t @ fmiapeursayls taernesa,s raercee itvyipn gc
pi ped network. They can be sited within flood detention
t ypi cad8l0y0 2.5

Bi oretention Technical Design Guidelines Pag22
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v ue 8

Fi g@rEexampl es of biorRhethd i ome diatss nst op (l eft and right), Shaur
Dubowski; bottom right, Jack Mull aly.

2.3. Bioretention swal es

Bi oretention swales are a type of bioretention system tfF
bioretenticompsvadléest he main components of a bi2njletention
|l ocated within t heFibgalsiGen &-fi gaidewaHoer (bi oretention swal es

filter media follows the grade of the swaleds sarface (3
200mMm wide. The swale component of a bidoretestisowor mwal er
remove coar se-stiegemdediedmment. The bioretention filter me

contaminant s.

Bi oretention swales are typically | ocated within rioad re
small catefhmest $han 2 ha. They can receive | ateral fl ows
in 4 or flatter) or directly from pipe outlets where the
swales are densely planted with dedgeeeandoriiehmsaaaocdn mg

Bi oretention Technical Design Guidelines Pag24
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Tree plantings

1 ? to batters
f ‘ | Bioretention layers | 'i
; min. 600 mm {!
|
Fonm. ' { Bioretention :
pathacts as 1 I L . (
maintenance edge b | plantspecies : ‘i Turf / Garden
A ] { Maintenance | )l i
| edge b F' \
‘ Topsoil
////./// “ WN s /' - " .
11111 1T 777 N Z\ 2~ In-situ sol
2N /// //// T < A= /111 PN T _,/f\\\
72NN \\\'\\\'//\ Wy, Rt 7/ /# SNy, 7
NRELA L R ARE
NI o] 4\\'4\\4;*\-/
/\\4/ ASCRTIREES AN
\ \\\ $ 2 hop \,\ 7 AN\~
Al N
BN WSS (g
//\\\\D. = .00 /é
i MoK X PN
W2
Drainage layer
Transition layer
Filter media
Fi gdmBi oretent coosswtail @n
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Fi gdurleExampl es of biorBPtenhboionedwasesall photos, Jack Mull al
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2.3. Biopods

Bi opods are asaouocm o©f oaketention system. They receive st
from hardstand areas. Biopods are commonly wused in the s
commercial, indusnirti adeaaldoipgmdpd sThey are typinmrdutycheaess

be | arger. Biopods provide visual amenity to streetscape
streetscape | andscaping. An advantage of biopods compar e
are passively irrigatedrhhiypsst grmeastesr ainmdf IsewWg.esS are t he
types of vegetation, trees are not precluded.

al t hough

o

Fi gurReExamples ofPhobpodcsredits: top | eft, Robin Allison; t
Brad Dalrympl e.

2.3.Bioretention street trees

Bi oretention street trees are a combination of Bi buoeet e
13. They araet |soomantdeed ecei ve overl and flow from adjacent
s mal | systems, typically only a few square metersibn si z
primarilswidtarbdet tree species, with shrubs, grasses and
aesthetics and to help maintdafingfhbses, meddgepeamdalirirbut
used, then much of the bioretention street trekRidguBomotpr
DESI GN NOTE: Guidance specific to bioretention stre
This guidell nespepedaviidcegui dance for bioretention str
process for bioretention street trees is the same a

I n most imnike ammcleyy di fferences are the vegetation ty
filter media surface and the possible use of a conc
tree. All other ,aspledisngff idlesémgnmedi a si zi nggm icro nts

Bi oretention Technical Design Guidelines Page7



streetscape, set downs andrenhetpandsbutkéescdesi §no
generally.

Fi gu@BExampl es of bioret.enRthiootno sctrreedeitt st:r eaelsl photos, Brad Dalry
2. 4Drainage profiles
The tderram nagerpfefsl e€o the way the filter media, transit

underdrainage and hydrdeeuwliiginesdidr sctharge dmreat ed waitvee fr
drainage profiles aFiegdddammowehgheseldexi bl e nature of bior
me antshat other drai nalgeo pbeofirldeast ed n

The véer ai nage ipnr ocfoimneosn use ar e:

T Type 1 saturated zone
T Typ&At2 adi tsieah &lId

1T TypeteBdi uneral ed

T Type n3d il dwiatth omi pe

T Type ndf i | dpiapg e loems s .

Previous versions of this guideline identified only four

naming convVvebfPeloows how ctulrer cefmidv @ age rperloabtiel Btese i n previo
versions.

A description of these pr o2f.idt.éls 4i. $5epcBtoi8diatt ead |isn hSDen ttioo rsse
most suitable drainage profile for the application.

Bi oretention Technical Design Guidelines Pag28
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Tab?®r ai nagesipnr otfhiilse ver si omrcfonphae egu it devipirmser oo s s

version of Previous versions/ Rationale for

Type 1 saturate(Type 1 saturated No change

Type 2A tradi.ti (Type 2 sealed Name change only to ali
naming convention.

Type 2B tradit.i {Not previously shfAdded to more complept élo
availabl e.

Type 3 i mwilkthr.@aiType 3 conventionPreviveusi ons usednvbhatt
in an attempt to encour
system. I t,nied ttheewe @t éhre ¢
type nor the default T
was required.

Type 4 i mpilpedaiType 4 pipeless Name change t ot ledeiviyp &i |
naming convention.

| [ | [
‘ [/] \{ [/
, " Bioretention | ||/ Boretenton ; i | Bioretention
‘A plant species { plant species \l ‘J plant species
\ ‘
‘iJ{_ T Muich 50— 75 mm VL T Much50-75mm WYY Muich 50 - 75 mm
Filter media 600 — 1000 mm Filter media 600 — 1000 mm Filter media 600 — 1000 mm
£ —Ywa—;;é et Transition layer 100 mm *‘v”’?v [ Transition layer 100 mm
Saturated zone Transition layer dopth varios:  _=1o® @5% 7T «= 03 oy
min. 350 mm. (refer Section 3.3.2.4) == Drainage layer min. 150 mm M Drainage layer min. 150 mm
Top = 50 mm » ! "7‘".,:5.
~9. 7T Drainage layer depth varies NS SIS NI oo
(refer Section 3.32.3 and % & In-situ soil X In-situ soil
Section 332.4) i
Liner
Type 1 saturated zone Type 2A traditional sealed Type 2B traditional unsealed
Bioretention /
Bioretention
plant specios plant species
Mulch 50 - 75 mm T Mulch 5075 mm
Filter media 600 — 1000 mm Filter media 600 — 1000 mm
L e | Transition layer 100 mm
Ekshonge ogjormon. 300 vy In-situ permeable / sandy soil
In-situ permeable soil
Type 3 infiltration — with pipe Type 4 infiltration — pipeless
Figud®i oretention drainage profiles
Bi oretention Technical Design Guidelines Pag29
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2.4. Saturated zone bioretention systems

Type 1 saturated zone bioretention systems integrate a v
dr ai nageTHwateeer. storage all ows the vegetation to access
plant and soil bi ol ogical heal th, and helps maintain oncg

zone bioretention systems have:

T an i mpermeable |iner to enhbBerbkbawatef ikereyaiemd in
T an outlet structure thatl ehwdIldswiwtaltier tahe at rdeerfdinteidon an
able to be drawn down further through evapotranspiratd.i

T a transition | ayer (tr asnesei tSe®@nt 3leyd2rSad&tpidchR vari es,
1T a drainage |l ayer (drainag®edtadycd.axldd5b8vBogRRed, see
T afl at base beneath the drainage | ayer.

2.4. Zradi teaolnead i oretention systems

TypAt2adi sieaha&ld bi oretention systems drain via slotted
do not have a saturated zone.

Type r2aMitt iean &ld i oretention systems have:

T an i mpermeable |iner around the base and sides

T a transition | ayer at |l east 100 mm deep

1T a drainage | ayenm atelpeadhtatl @ either flat or grades tc
at a slO®p & %o f

T slotted or perforated underdrainage pipes within the d

t hem.
2.4. Fraditional unsealed bioretention systems
Type 2B traditional unsealed bioretention systems drain
and do not have a Astaterlaasel azmhesi des of this type of sy
water wil.l infiltrate into surrounding soils, but becaus
capacity for infiltration is |imited.
Type raBRlitti onal unsealed bioretention systems have:
1T a permeable |l iner around the base and sides
1T a transition | ayer that is at | east 100 mm deep

T a drainage | ayer tmmatdeiggh att il £ aesitt Hé&br0 f |l at or grades t
preferably a®0.a5%.l ope of
T sl otted or perforated underdrainage pipes within the d

t hem.
2.4.4nfil dwiatt h oii preet ent i on syst ems
Type n¥ i | dwiatth omi preet enti on systems encourage infiltratio
managfer equent stor mwestert tfelelo ooy ated underdrain pipes for
infiltration capacity of the soil i s exceeded.

Type 3 i miwilkthr pii pea@at enti on systems have:

T a permeabl e geotextile (noekri aeoualdon@peti heshaes)

T a transition | ayer that is at | east 100 mm deep

T a drainage |l ayer that is at | east 300 mm deep with a s
mm aggregate above it and atbékawti 850 mm aggregate

1T a flat base under the drainage | ayer.

Bi oretention Technical Design Guidelines Pag&o
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2.4.3nfil dpiapteiloenss bi oretention systems

Type ndf i | dpiappelosmss bioretention systems allow all
surrounding soil

Type 4 i mpipelrass omi oretention systems have:

1T a permeabl e geotextile (nhoelri aeoualdongpeti heshaes)
T a transition | ayer that is at | east 100 mm deep
T no drainage ayer or usnldoetrtderdaionra gpee rpfiopreast e d

T a flat base under the transition | ayer.
2.5Site suitability

Bi oretention
aesthetics,

TabB8&hen to

use

systemhsererfiohhegr maneert and
constructabil
bi oretenti on aanpdpil g lkclaitg lotnsi mpor t ant

ity,

desi characteri

gn

bioretention systems

Why bioretention is suitable

Situation

Fomanagilng ter,
sedi ment , nutr |
andydrocarbons
transporstted mwa

Bi oretewntst®msff ecati emovamtghr op oagnednri ¢gahi tftienr
sedi mphosphaoar tts pngeetnaalnshy dr ocaf besmor mw@her e
| i t tceorarsseed i mMemdaaskei gphrer eat mse¢c ommended.

par klaannddi par i an
bushllaammdds c.apes

Fomanaging storl Bioretspstt®anBeusetdinanaguer bagdr olpagy,i cfurl eagu ey
floaws st or mwaltcews ecyama| $ecombi we d h ootdor ademregweent s,
although bioyetemagaddoensi gagaeci ffiadrhplsypose.
For urban or ¢ Bi oretepnsttm®ansaf | e xd ebsliiegmd h evierg e t & ti end | sl ho W & tmo
|l andscapes, re| be eadsnicloyr poirmtimeadn g & andsc & p ehsa,rredd gei vsipca ctecs

morreatur al reai ldlenwdtallamd pasétani ngs.

Fossmacadt chment s
wher e sipsaocnest r.a

Bioretensta@ammsma(ltly pi<3abft heat c hnermnd,a) | o wihregno
be us@adnadnadonstrapaeds.

Folrarget chment s

Bioretsepste@ammanagesnbf @8mrogeaet ch medd sisprd uti o
speci fdiecvaelllojpokrd rgyest @amss e(de. g. | ocating sys
i mpl ementing a di atndi sptlidnisaygstdedm, filter
celdl s

Onmoder aBe¢ eep
topography

Throoghedeadilgingr et sgsiteaber eadinltyegriattead at i
stee@ppography.

Onf ltadpogr.aphy

Bioretensieanel ocatnesdurocmei t 81 ne et sdciarpeecstui nnogl
ont o stuhd mfclelei or et e gy 6 itbeeni co@@t amnusn der g rdoruanidn a
net wor k.

Fogt or mwaarewe st

Bi oretensi®@ansr esattor mwaa leervseuli t B tstoemfeo r onis e u.s el
iismportactcoudmarnpot ennaitallosskesobpgbret sgsi em:
wheast i matiied gsst or mwhad rewv e styisn g¢ ms .
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Tab#4®®When not to use bioretention systems

Situation Why bioretention is not suitable

Fogiwes h insuff Bioretepstwimsddr ada che qu aiteh eiriens uf feil ®ivafiti anhe
el evation surfatbheydttednhreecei diri amignsaygset ehmvisd d u ¢ éfei Imte @ 1it @
remaiimundat eadf fabnodtthhlee alotpH aanhd hfeunct i ofnh en g
bioretegstem.

Fosi wedhdal Sal waeeompromitsleeisol ofunatibdamr et sgsit ems.
influence

Fogi wé&clhhnti nuo| Mososal gaeaim ortnmiscukr f laicef ( dsthd maso)nt i nweu ¢ leyd
inflowofistant!|l | bioretenti awhi xyesdtuicteeatod nf i litmibfeiolmeard Rrer i o

wet) dryioffigbior styesniemesne s t ary utcterei osftkl oc k alggeess ur f
bi ofgirloowt h. conti nuous i nfpgossenat e ucldoefnlndw p a
can be installeisl poomliemgate th

Forswales with high velocities . | High flow velocities (> 1 m/s) are likely to scour the surface of bioretention systems.

Fosi sedjtecd xi c Whehheystidsinkied eg X p o stado xsiuch st a(nec.bgs.r b i csiod evse,n |
runof f i ndusctornitalmi nbainotlso)f,uoaitwilbdc o mpr omiSs e dics ap arl g
shoul dsbtdexcl|l co@t ami haabth®t or mway stre m.

When the syste| Bioretepstmenguperei ondii mt enta@ o e uorpet i fmah c tAisoumc
easatyested easy access for maiata@&inlaamltlee must be
mai nt enance

2. 6Geographicd mansdict abi |l ity

Bi oretention systems are highly adaptabl eotdnd fearnbhe i mg
geographic and climatic contexts. gMbdeil adeiircectprpovapeldi o
geographic and climatic regions within Queensl and. Nonet

regions require additoohhinednbedewati on as
Locations with dispersive soils
I'n locations with dispersive soil s:

T Morefficient sediment capture may be 3 efhul3Feed ¢haghlsee
efficiency gross pollutant traps and sedi ment basins n
forebays.

T I'ts particularly important that -dildperagitweea st apsb.ido Vies e
and dense pl antssdavwdriasdied Bsé&e PSemttison hat regularly d

encouraged as this wild.l provide ongoing surface cover a
1T Overlfahdws down batters should be avoided. Where it ca

techniques should be applied to preved8dt5p2o0%ion of the
1T Particaltarmust whRekeakxiemg | iners into tBe3db&tters (see
Locations with extended dry periods or generally |l ow rai
I n |l ocations with extended dry periods (e.g. Townsville)

T Typeatlurazeasdystems should be used to provide a water s
events (se@.8enMdBi dn3z. 4

T Temporuaprsyt ands should be used during establishment to -
plants at this Bi&@pl(S5ee Section

1T Pl appeci es capable of survi vdsrmpudxdt eéoredauds eddlry peri od

T Pl anpgecies that regularly drop leaf Iitter should be wu
moi st(wreee S&ct7i).®n 2

1T Considesahbubd be givenfitlotal tmedhing asvpgeas aim at i mprov
hospitability of the filte3. 3F)2. plant growth (see Sect

Bi oretention Technical Design Guidelines Page&?2
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Locati ohnstwinse rainfaldl

In |l ocations subject to intense rainfall, it is particul
scour protection is provided at inlets, regardless of wf
3.5.4

2. 7TFunction over ti me

Bi oretention systems propnMindkd ua irnagn gma nafgifnwn chtyidaomd ogy, r
and enhancing amenity. Some of f daess d ofnwgn catsi arhse dri eo rpert cewni
remains iwhiplleacoet hers vary over ti me. Most functions rem
media is maintained and suitable plants are retained wit
pl ant sagplecrngsi de appropriate maidoemanane apmaatgi ¢ed ter me
There are now many bioretention systems in Australia ovVve
years i n age. cTururseinmplbys sebl & te® say with accuracy what t
bi oretention syst ewsidlesi g,necdoinss tlriukcetleyd ,t heastt abl i shed and
function well for at | east 25 years, and al most certainl
bi oretention functions may be retained effectively indef
Monitoring the performance of bioretention sys$eems is ar
managemeérmntt¢d an be an expensive and nuanced task. For furt

bi oretention perf Mamahaieni ngf¥egebat ed( \Batoegrmwhay eDe sAisgre)t .s

Hydr ol ogi cdWhuinlcet itoone hydraulic conductivity of the filte
bi oretention systems desi gnssuch oas hryedd wdiomgg cs tbeernmrewa tt esr v
wat er waiyrlsédt ai n t hei rpecradpoacm ttyhitso function indefinitely.

Sedi ment ©8emdvmént rcemavcaflty i s ifniflltueern cneedd ibayi tpa disrid yand
Whil e the hydraulic conductivity of the fgdeldti enenmedieanowveal
capacwitlyl remain constant .

PhosphomemeWRPhosphorus occurs in stormwater in particul at
soluble (dissolved) for ms. Bi oretention systems remove ¢
filtration within tpheosphido®rusaemayvad ISl uddeti on onto fin
filter media and ttho oab glloelsosgeirc aelx tuepnttak e by pl ant s.

r
e
Whi lié tfer hnaevdei d i ni te capacity to ret,ahnsdicapalvedg mhygspl
repleni shed over time due to new sedi ment entering the &
a given time, when the capacity of phbesphiosuexhamedt adt o r
phosphomemsval within the bioreteandole slyisfirieltmerdaitiibo nd eocfr epa
phosphamndsbi ol ogical uphakphdhesol mel @t which this occur
amo o of filter media (surface area and deptthheoitmlt he bi
catchment area.

—

c
—

Abo 4104 ootpahlo s p hiom ust orimwaa®soci ated with particles gre
(Va and Chiew 2004) . | tt hidsth ir e aplowEdHiler atenbt @ xmpueemttvoe d i n
bi oretention syshemrptvieonacdapacity in the system has bee

N
D

Nitrogen dNimorvoagen occurs in stormwater in particulate,

processing in bioretention systems occurs through a c¢omt
denitrification. These processes cdhamgies tinlet if matmeloy 1t édrao
stor mwater by either plant uptake or by being released t
occur, the bioretention system must contain a 8Suijt.&bllhe ¢
plants in turn supportthdtaciobi adt eommiusi hi esogen process

Newly constructed bioretention systems may see an initie
during the first growing season. Once phaatisn ghieoreestt @bt ii

Bi oretention Technical Design Guidelines Page3
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ems should remain relati vaksyictoarbs tea mptl aonvtesr rteimad ,n s on
filter media porosity is maintained.

y met al OHeeanvoyv amhet al s occur in stormwater in particul
ble (dissolved) forms. Bioretention systems remove f|
ration within thphosphersuosieudhlae nMutcahl sl ikree removed b
icles within the filtetrhmeblgal agidcalo aptl akseby eplt amt
¢ tfer media has a finite capachiitsy ctaop arceittayi nmadyi sbseo |rveep

due to new sedi ment entering the bioretention syste
the capacity of the filter media to retain dissol Ve
etasytsitem wil lande bree & $feiiltterdattioon of particul ate met al
olubl e metals. The time at which this odacrs air® adnminy
h) in the bioretentitberOotgbtemtchmpatedr ta.

ocarbonoBieamoetaédnti on systems remove hydrocarbons fro

essing by microorganpemssi tWhidemdiindgd ecl onee@ditao its de
walpacshouled ret.ai ned

ioBy or et enti on systems provide amenity through the gt
ity wild. i ncrease as rpelmantns reesltaathilviesl hy, caomds ttahnetn over
onally, with climate and maintenance regi me.

n dBeiaotr et enti on systems help mitigate urban heat by
ity to do this wildl increase as plants establish anc
matur ed. I ncluding éemeewi liin buntrlkéerenenlmansgstheir u

@Byoretenti suappwysebamsecol ogy by providing habitat an
ogi cal benefits of bioretention systems increase as
ugh the provision of | ayered vegetation communities

Desipgrnoc es s

gning bioretention systems requires the civil, | ands
idered to ensure systems are functional, well integr
|l ement | ocal ecology.

etention design invol ves,amulitlilpldgi rgatteede s nand i terati

edetsiigmvol ves selecting the most appropriate treat mer
and indicative shape of the tCGoenactenpetn tD essyi sgtne nGuwidteh iir
r Sensitiveg Wartbean bye Diegsi gn) should be used to guide
tidesaigmvol ves adding detail to the conceptual design
nded. I n rnebrefibhvoroeecsetting key bioretention sys
i cal components (e.g. the treatment area, batters ar
ss) are allocated sufficientThsep ascaemew i ptrho cheostsh eo cacvuarisl &
etention systems delivered throughhoWweyigm vteH ipsphmeeanst e &
etherftuincti onal design also informs key elements of t

exampl e:

evel constrained developments, the bioretention func
vels throughout the devel opment.

he case of streetscape bioretention systems, the fun
eld and the | ocation of gully pits.

Bi oretention Technical Design Guidelines Page&4
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I't is critical thatsdebdi veredet @anbbiugh s$het edmvel gpment as:s
conceptual and fufat iaomad )mirdeausd gglni vered for the planning
assessment. Functional desBgaf ithiaddlr iensussetld udi cnc uS e aotfoigonni s a

detail edt o ef oIfSreccw 3 .d2hg o0 8 g)8

Det aidesdigmvol ves determining the remaining engineering a

system to function. The outcome of detailed design is a
| andscape gdarnadwicnognsst r uct i onalslpvdaficthi acd teiaacdsy, communi cate t
sufficient detail for assessment (if required) an3. Zonst
t 8..9
Treatment Preliminary
Type Dimensions
CONCEPT
DESIGN
Treatment
Location
Functional
FUNCTIONAL v
DESIGN Seotm3 )
Background
Investigations
(Section 3.2)
Inlet Design Layers, Depths and

Levels

Outlet Design Layout

DETAILED
DESIGN

Vegetation
Design

Design Checks
(Section 3.8)

Design
Documentation
(Section 3.9)

FigubBi oretention design process

The following sections dcesdréimine tti hoendablt aardleskse rytini @mMm oces s e s .

design of each component of a bioretention system is adc
divided into O6performance outcomesd and 6érecommended apr
outline the aim t o gbne nagc heiaecvhe dc oimp odheesnit of a bioretentio
6recommended approachot hatsompe oxpmr ¢ @aclachi eve the perfor.
delineatiomei $ htae emeUeEessenti al aspects of bioretention

Bi oretention Technical Design Guidelines Page&s
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encouraging innovative approaches to design. I'n situatic
bi oretention system is closelycreolsesf e deabrcee sphreo vd edseidgn o f

When reading the design process as it is laid out, it me
Il inear processes where backgrddhdnifopvest hgaspanhsa( Seotaiat
bioretention system via specifying.)Baynedrssfnigndaelpie hsapodt | €
3.)4 I nl et3.Y5Sectibat3.)6Sercd iwenget ati on 3d)efsarge t(lSerctd mmpl et
design checks (5rddé3i.f@ankdent he design docudngdht @i ([ Bethienap
can achieve acceptable outcomes for very simple designs,

coll aboration and achieving multiple design objectives.
I n al most all cases, betdiefr boiuarceotneenst iaorne saycshtieemmse ar e del
coll aborative and.Thtee rdaetsiivgen ptrecacne swsor ks t ogether through
cognisant of all design objectives abuaklbmei nesachhiesvedr
timeonsuming repetitibobavoifddesi gh is$ epscogni sed that the
costs for coll abdmoavtedivhdes, dpersacgenss ul ti mately resud ttshd n s

delivery of assets that are invabubw etdhewviltdc alh ec d mmulrsictay

DESIGN NOTE: Bioretention design teams

The design process for bioretention systems should

1T Coll aborative between stor mwater engineers, ecolo
designers to ensure optimal functional, ecologica

T I deatlHga meé e s itgemasnh o Wbled n v o li vtee doncept design and the detailed design to
ensureconti antvyomdsi nterpretations.

T I'terative to ensure the design is responsive to c
design.

DESI GN NOTE: Local authority and service provider r

The design process and guidanca&r paved derd a nprtdid ess 9 ¢
proven to work across many projiadtivianuall ¢ooxtaillormasut |
providers may hawd stquoidmleat fff eostrhose provided in t|
i mportant to consult with the |l ocal authority (aeae s
Sect83o0d. a,wthere specific requirements exist, defer |

3.1Rinctional design

The functional desi gn pf oa ebsiso roeutte nitnieodn bbea soiwn idsel i ver ed
devel opment assessment process, where the system is | oce
boundaries, vegetati,enrtanbbewpeoeetheddi scharge | ocatior
channel, watprway

Variations to the functional design process for bioreter

described B3nl1lSdcti on

Additional functional design consliaterkitdroetse ftoirormstgswestten
in SeB8tlof

PERFORMANCE OUTCOMES

Functional design must:

1T set key bioretention | evels

1T all ocate sufficient space fiaorclaldli nlgi drheet & mrteiad Mmeelt e ma ret:
bunds, sedi ment capture and maintenance access

T provide preliminary | ocatcihoms fiarl ealsl asmtdr waitt U red ss

Bi oretention Technical Design Guidelines Pag&6
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be completed for the plannifrog styasdge msf daed sesgmantt hr ou ¢
assessment)

RECOMMENDED APPROACH

Th
1
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e recommended functional design approach includes
Ste@ltientify the treatment type, preliminary dimensi on
design

Ste@ObBtain the site i nf olranbabticinoSedde Lomi bed i n

S epol3denti fy key | eveilmsclamdli cg ntsh & ali et el and | ocation
di scharge point, the |l evel and | ocation of the propose
ser vjamas vegetation t.o be preserved

Ste@mSét preliminary bioretention | evels

Ste@Set available treatment footprint

Ste@L6cate and size key sygqtsen ecdda mpeonrte nctaspt(uirrel,etmai nt e |

outlet pit and. overfl ow weir)

te thdaaf attHese steps can be done easily with pen, pape
nverting to a digital format.

emTlLeat ment type, di mensions and | ocation from concept
ncept design is undertaken prior to functional design.
inform the functional design process. They shoul d i nc
theproposed treatment type (in this instance, bi oretent
approxismaseem si ze

proposegdtem l.ocati on
e@Skte information

nctional design requires a thdrambbeghduB8dea&t Rbesncdriinbge oal It

i te infroeqnaitroeoch o mpglhaetee ai | ed design. This information i ¢

sign, but at a mini mum, obt ai n:

topograpbucaty

s theoundari es

cat chment s

hydr olaongdy dr ai nage infrastructure
servi.ces

el dentify key |l evels and constraints
eps 4 and 5 of the functional design process require &
mi ni,mbex foll owing | evels and | ocations must be identif

the proposed discharge point
the proposed inlet(s)

site boundaries

adjacent road reserves
services

vegetation to .be protected

e@Sétting preliminary bioretention |levels
el iminary bioretention | evels are set to not only enst
ain, but also to directly inform the | ocation and spat

oretention Technical Design Guidelines Page7
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l deally, preliminary bioretention ¢agweolusndarles vsedts ,i nt hceo rj
and stormwater network design. This allows the requireme

l evel s throughout ,arhde wWiewvealnodprnedatti mat el y | a®odd ctoanet. he op

nitially, set preliminary bioretention | evels using a ¢
i scharge point and then working up through the system.

evels should beFispd®d or the (see

I
d
L
T outlet pipe at the point of discharge

T upstream end of the outlet pipe (at the outlet pit)

1T base of the bioretention system

T top of the drainage | ayer, transition | ayer and filter
T top of the extended detention depth

T crest of the overflow weir

T top of any bunds/ embankment s

T invert of the inlet/ sediment forebay

Where the bioretention system is collocated with a deter
basi mtmwm|l condieder ed. Thhicd cawielsli dleireéli yvn of the total v ol
for the detention basin, ,ahd hacaiclpalalbé esdrefpade odr eamundal
storm events.

Crest of overflow weir Sediment forebay invert
LCrest of bund Top of extended detention Inlet pipe invert
il B i = 7 I

T —

Outlet pipe —— e — — ==
(downstream invert)

System base

Outlet pipe Top of drainage layer
(invert at pit) Top of transition layer
Filter media surface

Figumkey |l evels to set during functional design
Once set, compare the preliminary bioretention | evels tc
network | evels to ensure that sufficient grade is avail e

avail &blgelye

Bi oretention Technical Design Guidelines Pages
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Scenario A - Optimal fall

The available fall from road to o B = Opfimal. System fits well
discharge point allows for a well [ within available fall.
integrated bioretention basin S y I | '+ e ~
with optimised batters and good ___r el G
landscape amenity. \ J

X e

===~ Not viable. Embankment and

Scenario B - Insufficient fall inlet pipe sit above finished

r
Insufficient fall is available between _— 5 I | F—‘— == Thr— —F surface level.
the road and discharge point. __I m—l S BT SE L
Bioretention will not work as shown. J
Alternative solution required. \ / flar——

o

Viable but sub-optimal.

Scenario C - Excessive fall / Excessively steep (shown) or

Bioretention designed from the wide (not shown) batters.

‘outlet up' fits within the site but will ya

result in excessively steep batters g /"'

or uneccessarily large land take. _ ,/—"/" E |

Work with project team to reduce r,,/ 3y | | r I~

development levels or redesign from i el & NATURAL GROUND LINE

the top down (refer Figure 18). \ J . FINISHED GROUND UNE

N o/ 777 AT NATURAL GROUND LINE
= = REQUIRED FINISHED
GROUND UNE.

Figdrrerel i minary | evels compared to development | evels
Il nniad e al worl d, the bioretention | evels a&@ahowdaeriegghdaPeme nt
A. I f this is the case, proceed to Step 5.
I n some instances, the preliminary bioretention | evels r
(Figurm®). This is particularly likely to occur on flat s
|l evel s have been set wistlboutwad enmsitderadtmenrnt | evel s. I n t

options exi st

1.Coll aborate with the civil engineers to increase finis
mi ndf ul that any increase may result in filling across
costs.

2.l nvestigate alternative inlet arrangements. For exampl
than a single pipe may all ow the ilndveetli horeasiemgtthlee sy
vertical space for the drainage profile.

3.Design asafTwpezold bioretentioheseesdsnetntravitithdta. Thi s dr ai
profile requires |l ess vertical space than alternative

4.1 mpl ement streetscape biorefpepei bhoratbati bhanNenhd t ha
require a complete redesign of groamd Itdweelss ormwadelray

5.l mpl ement a constructed wetland instead. Note that <con
area than bioretention systems for the same treat ment
to i mpl ement

The fsicrealammihe@prel i minary bi owiedtdesnitliyonf ilteweltshi n the avail

(Figurd€). I n these instances, care must be taken to ensu

and | andscape outcome is achieved. For exampl e, when des

above, the bioretention will dcmape add yphesiskelte . asFdrowfl at
sittehsi s i s necessary, but for steeper sites that are not

excavation, | arge batters and wultimately an unnecessari i/l

I f the preliminary bioretention |levels are found to easi

1.Consult with the project civil engineer. There may be
devel opment, |l owering surface | evels around the bioret

moneon mporting fill

Bi oretention Technical Design Guidelines Page&?9
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2.Reset the preliminary bioretention | evels, this time w
with consi derogpttiiammtoft ot Ha | | balance. This wil!/ resul t
the | andscape, with smaller batterisgdaed a smaller over
Development
i Area of limited disturbance L Bioretention area , area
Manh A — g o
Bilvlcigens = 5 7 System located high in
STE SR [ Ij,h landscape reduces batter
4:_]‘ l il gradients and lengths
N —  S—————— 1

Bioretention layers

J Drop structure to

dissipate energy

FigumBBi oretention designed from the top down

StepSé&t available treatment footprint

Having established the bioretention | evels, these can be
such as the |l ocation and height of theeanwegad at ¢ 9&r ¥ ®, bgr c
preserved) to identify the area available for bioretent.i
for batters, embankments and maintenance access.

To demonstrate this concept, consider a bioretention sys
devel opment and vegetation to be preserved. Preserving t
earthwor kas twigehimr ot ecth ®@hm zowntes (eeedgr.i p | i henof hit Bei hstal
comparing the surface | evel at the tree with the require

widdt ermine the shape of the bund/ etmlha&nkmert required a
For exampl e

T Where the base of the mreemuwndilghwel t htamen hae batter f
surfacdettge of the tree (@mrdtoewdtnigorml zmnd or mai ntenance
(sdda gune

1T Where the baselofwethlhe ntitngemhiuand | evel, then a batter fr
surface totthieendopndf back dowmr ottcee ctth e atlrkeoaveng al so f o
mai ntenance access on top of Filbgeerund) is required (Se

Bi oretention Technical Design Guidelines Pag40
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Distance from edge of
filter media to constraint

(d

!
|
|
|
|
|
|

Width of |
maintenance !
access :

|
|
|
|
|
|
|
|
|

W)
—"

Level of tree (1)

Minimum level of bund
ot

Base of tree above Gradient of batter (g,) — ~—-— — Level of filter media (I, )
minimum bund levell L Bioretention Layers

FiguoBatters where constraimitsei mum bugterevéehn the

Distance from edge of
filter media to constraint

~ (d)

Width of bund
(may include
maintenance access)

(w,)
—

Minimum level of bund (I,) Minimum level of bund (I,)

| | 2%
\/

Gradient of batters (g,)

Level of base of tree (I) — — == Level of filter media (I, )

Base of tree below
minimum bund level

FigkmOBatters where constr aimitnsi naune bluomwde rl etvhealn t he
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With this itrhfeordmattiaommrce that the filttreee merdotae antaindmbzord &
calcul ated as:

For systems where constraints are HRigh®®e t han the mini mt

Equatl on

d =8y &+ gw

Where d = distance from edge of filter media to edge of
k= | evel of the base of the tree (the constraint)
k= | evel of the surface of the filter media
gh= gradient of the batter from the filter media tc¢
wm= width of the maintenance access track (i f pres

For systems where constraints are (Fowe2net han the mini mur

Equat2 on

d 30dkd s+wp+ oGk 5 g

Where:d = distance from edge of filter media to edge of
b= | evel of the bund
fmm | evel of the surface of the filter media
gh= gradient of the batter from the filter media t
wp=wi doh ®bhe@may include maintenance access track)
k= | evel of the base of the tree (the constraint)

This distance can then be drawn onto plans to show the f
without the need for exocnveslshre@ye steep batters

Bi oretention Technical Design Guidelines Pagé?2
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Waterway

Trees to be retained

Edge of area available
for filter media

> 7 Distance from constraint (trees) to
edge of filter media (‘d’ in Figures
19 and 20 and Equations 1 and 2)

Road reserve

Fi g2riaAvai l able extent for filter media relative to trees

This process can then be repeated for any other constrai

(Fi g2nre

Waterway

Trees to be retained

Distance from constraint
(road reserve) to edge
of filter media (‘d’ in
Figures 19 and 20 and

- IS T T = e SEm——T Equations 1 and 2)
Edge of area available for filter media
Road reserve
Figeravail able extent for fil¢cenmnstmedi at s el evant to ot her

Bi oretention Technical Design Guidelines Pag#3
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Finally, the available areaFfigmnifei |ITtheirs nperdoiccab\sidssa hsakse ttchhee ¢
creating organically shaped fboroneetaéersi bo s$hetemsr whasenc
topography.
P i
« &
Waterway
° &
Trees to be retained <
N
b DI
Available treatment area e
G R R
T - e I
Road reserve
FigeB@gketch of the available area for filter media
Having established the area available for the filter mec
concept design to ensure that sufficient area i sSawail at
6 . I f insufficient aYeh, seaviangathi eferepeagradi ents of
of walls (s3eed tTHBc3tdiféors gui dance) wuntil sufficient space
For exampl e, i f additional filter medi a Fargeza3ewemal Ir ewaili Ir
could be used within the batters adjacent to each tree.
mediaadj actecmhe tr &Assthe vegetation established, the walls
vi sually unobtrusive. Consideration would need to be gi\
mai ntenance access.
I f sufficient space is stildl not available for the fildte
must be reconsidered. Thitlsayayt s nzhddei alld etro ngr ¢ ®t e add

sto

rmwater treat ment .

DESI GN :NOArEea required for detention basins

Detention basins atgy miad &Irl yarreeaq tihraem bi oretention bas
the detention basin will dictate the space required

Bi oretention Technical Design Guidelines Pagé4
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Ste@L6cate and size key system components

The final step in functional deandociasfiomspheovidlel pwieth g r
structures:
T Filter media area
T Inse)
T Sedi ment ecaptur
T Maintenance access
T OQutlet pit
T Overfl ow weir-r
This is done in thecoedtiners wliit®ted above, and results in
Figaede
Outlet pit Perimeter maintenance access

Overflow weir

Waterway

Trees to be retained

Sediment forebay

Sediment forebay
maintenance access

Road reserve

Filter media
Inlet

Figed®ypical | ayout and section resulting from functional desi
3.1. Additional consideration for retrofit projects
I n many instances, the functional design process for bic
simpler than for those delivered as a part of gemwedalley c
have more fixed constthreaiinntiset Vaenrdy ooufttleent | evel s and | oca
l' i mited area available for the system. I n these instance
the system into the available space, andtibnswmbhiyi obéenbes
appropriate for the site. I n this instance, the designer

Sect?29b before proceeding.

Bi oretention Technical Design Guidelines Pag#5
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RECOMMENDED APPROACH
Where the site iscbprpseteconttrained

T The site is suit ablié tfrmeatlieosnsT ylpieordet enti on s@sBaend (refer

Fi gBnre

1T ATypeatlur azbed systeimewednhstar auhéedt (ref 8r 6tadn.dBiegdBe n
will fit within.the site constraints

I f neither oSuthebhbpvbioretention is not appropriate foc

technolsoagyh as a const rnacyt ebde weansainddler ed i nstead.

Where the site is constrained by the available area:

1T Consider i f additional space for the filter media can
batters or wall s, ensuring that a safe and aesthetic o
to the prior approval of theiwnmlthenatasascsebi bwhefriatvbpr
client of the project.

T Consider if it is acceptable to implement a smaller th
will deliver reduced treatment performance.

I f neither oSuthaebhbpvbioretention is not appropriate fc

3.1. Additional considerationbofobistetenhscapesyantdemn

Streetscapkoandi onetention systems form i mportant parts
In the case of commerci-ari,t i dawesltopmdntasn,d imulmdny i nstan
|l ocat eldoto.n I n the case oiftdd atstdreevetl opangeatbisoretenti on s
style of bioretention that can be i mplemented within the
i nherent teoasspaiated with both allotments and t hiecesstr eece
for space in the verge), bi oretention functional design

RECOMMENDED APPROACH
I n addition to dihre Seasetplsdmotti aeral desi gn dfots thrioated ®eap €

systems should take into account ttheamdibsdmmdtiiatli ard dfidri c

present in the streetscape.

Some exampl efsumdt ipomal design of-l st riried setaprtnasmu degnst e ms

T Systems built excessively deep. I f batters are used, t
this results in deep, ukhieg®fheti c fenced systems (

T Drops and tri ptihhagzcatrpdast hasb,utpr ompting thé&i g@2®eem to be

1T Large numbers of excessively small systems i mpl emented
thus overall l and take BndRermai ntenance costs (

T Systems icrogiftlhi cdtr irveesmalytsi ng i n problematic driveway <c¢ro
split into multiglig@sjmal | er systems (
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Fig2ibenacceptable use of wal-l etibiaretepecPoottppébedi ts: Paul D

Fig2wR system fenced because of thePthonop @djeadceéenst Phelf doatbpavtsh

Fi grrf@lany streetscape systenwmsonfnl icdtoisreg pwhPkkbtmdrtyvedays: Paul D

Functional design of -Isottr ebeitosrceatpeenita nodmo esty sst uecntse uusfdelr t mtkem
coll aboratively with thienelocdidiirreg dedi ghot enwmt er design,
and stormwater networ k .deBhigm aleliows ffioraltiefdbomctbadal a
and stormwater network design
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Key design outcomésncti snatesebiulgn ofl ot rivied setaprafidoath Dy

f

ncl:ude

on corners, lots (and thus drivewaysal aowi ngilkhnhotedt ¢ot
systems to be | ottcahedl adpaedge of the | ot, uReg@d@dmbere
sags and high point sedtno rdoiardesc ta reep pprocsp rtiieotnel vy si zed c a
systems

bi oretention systems receive inflowsotaspiopged ]| mamidord | toav
while preserving appropriatté gizZlew dept hs and widths (

road reserves are(dmdalldtys waddjeanctee ddpr et enti on systems

sufficient room for the biorrétgebmtei on system and servic
bi oretention systems are colHiogled with traffic cal mi

FigeBeot orientation.f ®Phodwr teredhltesck Brad Dalrympl e.

Fi g2t reetscape bioretention systems PlRacto JarcékehifMus wsal gs sur f a
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Fi gBOEol | ocation of bioretentiPmotwi tchr e@diatfsf:i cPauwll nDwkgows ki .

3.2Background investigations

Background investigations a@rigpreeqdiicedptpordemnsiune etshatnd «
identified early in the design fpra&lesesgnandnidecorapikomnmgt ¢ d
background investigations streamlines the design process
design, constructi on, establishment and operation.

The background investigations required are:

T analgbishe site

T def i miesg gn objectives

T consulwtithmgt he | ocal authority.
3.2.88ite analysis

PERFORMANCE OUTCOMES

Site analysis must:

T under st anids gehcec bhst raints and opportunities
T test any assumptions made during concept design.

RECOMMENDED APPROACH

Site information should be obtained using desktop anal ys
design team should visit the site. Team members are | i ke
devel opment; however, a site sviarittt he detammeddeedsiagnt i
suitability of the concept and to collect more detailed
attend an initial site inspection to develop a clear wunc

systemds desh@ganntwexthimf the site.

The amount and quality of information requiredTé&bbedet ai
summari ses the information typically required for detail
digitally and presented on an annotated pl an.

Tabb&8ite information requirements
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Primary responsibility

Topographical
sigervey

Boundari e

Catchment

Hydrology and
drainage
infrastru

Survergidreext eanefbwheappl i calabepgsssti
fl pwt hways.

Determine boundaries of existing and proposed road reserves and

allotments ,and angc c erscsu t édagnta yc r otshslei or et ent i
syst@aoams iwdheert hbemundari estae £i xoeidf heir £
scopeaeamentdhem.

Determine the catchment area from:
T atopogr sphiveeyi or et egsit eese i svi nfgflowse

T drai nreegtewpt fnchri or et egsiteense i pii mégd ow

I ns ptelcsi waf er waiysr,et eat conmemadecei vi ne
dr ai ndagrei ng and after rainfall to ve

Tflow direction and behaviour
T presence of basefl ow
fTponded water zones.

Sur wengi z ®c atainotinevef 2i sdri aignaamgarat er wa
features uwpdthrinedhorwwn st rodtahrei t mportant |
inveeveflsai nage tshysitrlelmse o wvef f o wsh e

bi oret egsisehno bledo!l | e,atsnceda B hleeveth ay
exi saupatgreamt ri douaingge.

IWwat epondiimdhedrai naygset ems ¥ eigat e vaeflt e
rainfallse@oowhaali @tniacdcreevelast i ciuhoaw | y
| yiamrg as.

Whertenlei or et sgsiwveiohdnnevitollm b uftut ur e

dr ai niargfer ast r ulca tuerset,r atshtdreuscipdura sets o bled
consul hedfasur vey.

Surveyor

Surveyor

Stor mwater
specialist

Stor mwater
speci aili st
engineer, sur vey

Services

Whertehlei or et segsiwdbher et r of nadietddent i fy
e x i sd¢ @ mwbycuadertaking a 6 D iBafére You Di gedarch
(www.byda.com.au).  Include t hae p tohfisn d e r g rsoeurnvdd ot ehse
siger peyaRPysideakbcodofoaonder ge owimd gbse
required.

Ci einlgi neer

Floraand fauna

Soll

ldsidcent dinmds vpldaaivse get acto nommu n it thiadrse o
bepreservedtheiurt @gntliiecovaenld r zpne.

Revieny | amal aunapofroarseidredecei ving
waterways.

Il denltodalclcwrmamnigv ennpgect eatrger f orwmilnlg
i Bi mi | ar ctodnld@ otni dointsifohnes opobedr et ent i
system.

| dentthefxyt emtl oc atoif mnvaweedshaay nfl uen:
desiagwel lanapsl antciomd i nathamsuccessful
suppreseasehyg.

| dendaé tf pitlheeoipresent (dyphietméasnad yruct |
thropgbvious inyesehtcd@gisgnmgaer)e,vioew i |
map®ojasoadsessinmenaccorwaXs/eNlZ554 7: 0O 0s
4. 1. 3.

ldentify the bearing capacitysfodr t he
system constBreuacrtianbgi lciatpyaci ty may i nf
foundations for hydrwhueltiteee nsd rrtuicst auilrles
interface between the draunapgéebbayer
created

Where a permeable base or sides are proposed for the bioretention

system (Type 3 or 4 drainage profile), test in  -situ hydraulic conductivity

and assess groundwaterto c onf wh ent lwan wrildf i | hitate
sidaffstnmiei oret basieon

Ecol ogi st ,

Stor mwater
speciaand ssto
scienti st

Bi oretention
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Under tapk el i ndiensakreys p e s sfnoare isdu | p hsaotid s
(ASS)

orcont ami nlafthieorap ot e nrtiicaldr tgleeort ec hni c al
i nvesti gartd puisreeads erheesealt ®#v oi ded
approprmanadegd. Ma n gpd eafmenI&c ont ami na
sobshewledevel olpyasui t abl y pqguwdleisfsii eoch al

Groundwater

Landscape
features and
integration issues

Ot her

Det er mihgenechhr act ertihdetoicg@gdo un dwaa er

fTensure the bioretention systemenid.
draining | ocal

fTgroundwater, acid sulphate i mpacts
fdetermine whether infiltthe®ubnoaohd]
can occur .

Pr el i mismsarsysarfgma u n d wsahtoenlednder t atk & B
samei mes thaé&dsessWeated evadmedi di ¢
groundwaltedrecfedt her gronwmdwsaimayeon
requitreends urhéei or et egtsideone s imatewathe
groundwaitleermequi r e Méwe sshkh.o bled under t a
byasui tqbalyiefnige doeteydr ogeol ogi st .

I nt erexn esttda mdys faepaet aneshenr e | e vsaurte,dye s e
features. m&égatchnae :

T pedestrian and vehicle circulation
Tview corridors

fTthe character and nature of any ad.
use.

Other information may also be required, such as:

Taeri al photos (current and histori
fTsite history and contamination to
excavation

Ttidal informati on

fcul tur al and heritage information
T1ocal or regional flood |l evels (ad
requi rppear tda qoefver al | project) .

3.2.Design objectives

PERFORMANCE OUTCOMES

The desig

T be cl ea
T cover |

n objectives for bioretention sys

St or mwaMser |

specialist,
scientist,
hydrogeol o¢

L a
ar

o>
> a
- w
- 0
D Q@
oo
- o

Stor mwater
speciali st

t ems must :

r, align with | ocuappnbpypphgrcyj, e @atn dt @d@&magr eed

andscape, engineeophnsgdeanti easl og

RECOMMENDED APPROACH

i cal

Design objectives should hgpnmgntihemeaed samged agraenedt he cl i ¢

authority.

Each bioretention system will generally have a primary ¢

design objectives. Design objectives often form part of

Example bioretention sysheimudesign objectives

i i mprove stormwater quality (typically the primary obje
policies for the environmental protection of receiving

T manage the rate and frequency of minor stormwater fIl ow

Bi oretenti

on Technical Design Guidelines
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T introduce a | andscape feature into an urban setting
T enhance ecologecghcvalases ]| pcal biodiversity)
T buffer or integrate with an existing bushland or ripar
1T facilitate passive |l andscape irrigation
1T engage and educate the community
T provide passive cooling
Objectives will dictate or influence particular design c
bi oretention system is stormwater quality and a secondar

zone, then the systedn wiéés havweaet shmubgr ane with the exis
communities.

3.2.30cal authority consultation
PERFORMANCE OUTCOMES

The requirements ahdtpeefecahcaastbhoorriettye nrte goanr ddiensg g n , co
mai ntenance must be understood and incorporated into the

RECOMMENDED APPROACH

Local authorities should be consulted early in the desig
bioretention systemrebloteal thet botimaee owner,s whi doh oared ¢
generlhahnged owkelmnt odevel opers as contri bssedsassehsasThe
mai ntenance requi rwemeartst onadstf rbem the start.

The foll owing information should be discussed with the |

T relevant standard drawings

T for mal or informal policies relating to bioretention
1T biodiversity issues and opportunities

T bioretention flood i mmunity requirements

1T maintenance approach

f access requirements

T physical constraints on maintenance techniques (e.g. e
T I evel of service

T budget

T problems with existing systems.

DESI GN NOTE: Devel opment staging and asset handovel

litismportadenlto daaut horeigtuyi r ements for accepting contr
part of devédtolponwingtd.mesrrmddlcycepodor |l y conwsnfriurcidsaldeady,e d,
omnestablished vegetated stor mwater as 9dtsg utrhbagtn ceer
constr wmntbiuinl di ng iatcha avticthineesnt .

Theretbeesiogini or et sytsit & ima r dpeelopments should take into account the
proposed staging andl e si triemif oo mp |l i amches skekandover processes.
bi oretention sysdsinsgdglaeg e irneatyhwampdt enitsisadues aswsiotchi a
mul-sstiadevel opment s.

3.3Layer s, depths and | evel s

To operate effectivelyisadedquiat ecdoeyledrv athieobi oretention sy
design of |l ayers,idiepttdatsednlily | £ivted scon3s.t.aliche si drse@b jSectt
(see S&8ctli.@dmd the preferred drainage profile f3the bio
Sever al iterations of a | ayer profile design may be neec
requiremeéelrhtesse iterations may occur durBnmng functional de.
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When setting bioretention system | ayers, depths and | eve
T drainage profile type
T filter media depth and | evel
T transition | ayer depth and | evel
1T drainage | ayer depth and | evel
T saturated zone depth and | evel
T outlet pipe | evels
T base | evel and | iner type
T outlet pit | evel
T overflow weir | evel
T extended detention depth and | evel
T maxi mum water | evel
1T batter and embankment | evels
T inlet®l evel
1T coarse sediment forebay |l evels.
When setting |l evels, the risks associated with shall ow ¢
consideretdbé¢éceded) 3. Where possi bl e, bi oretention systems
sul phate soils (AASS) or potenti al acid sulphate soil s (

expert advice should be sought to manage the risks.

DESI GN NOTE: Estimating preliminary | evels

I't is important to carefully consider bioretention
appropriate fatalingwarsdeatschianmatylseencountered as the desig
Constraints in bioretesd¢evehopmert seamammhwmplacltevel s.
All ow for a contingency in prellewwméygygpeshlasmseci aotf
wi t h rdaeivseilnogp mewltd se@ hetesipgnocess. It is generally ea
reduce devel opment | evels than increase them.

3.3. Drainage profile selection

PERFORMANCE OUTCOMES
The selected drainage profile must:

1T provide suitable growing conditions
1T ensure bioretention drainage does not adversely affect
1T be appropriate for the design objectives.

RECOMMENDED APPROACH

The drainage profile influences bioretention depths and
design objectives, site conditions, and climatic influer
the most suitable drannsgeepcohdi eFbgs8dds shown in

The foll owi mppayassirsbuitessel ecting the most appropriate d

T Type 1 saturated zone bioretention systems are recomme
seasonal dry periods. Type preoabvdesmepdhbrdeagetsygtsit@ems wi

bet ween rainfall events. Testing of bioretention syste
the filter media moisture content was consistently hig
2007) .

T Type 1 saturated zone bioretention systems are recomme
evenly distributing flow across the fadther smedratedr fa
provsdadevat er s o uvrecgee tfaotri oanl |
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T Both Type 1 saturated zone and Type 2A traditional sea
ri sks posed by dispersive, sodic and acid sulphate soi
groundwater.

1T Both Type 1 saturated zone and Type 2A traditional sea

use in stormwater harvesting schemes.

T Both Type dzemeuamdeType 2A traditional sealed biorete
infiltrating into soils, making them appropriate for u
infrastructure may be damaged by infiltrated water.

T TypAt2adi tsieah®&ld bi oretention systems are the | east eff
meeting associated design objectives.

T Type 2B traditional unsealed bioretenti omi tswy sstceinss pwiotn
optimisiag forthe case fodwiTtyhpepi3p e nbfiiolrtertaetnitoonon syster

T Type n¥ il dwiatth omii preet enti on systems psbmotsoi héibdndaases
establishing the natur-altwahgdraytie wbedacitnvity is n
the use opi Pepessds bioretention systems.

T Type ndf i | dpiapiéelosmss bi oretention systems have higher tot

four drai nadwe ptroofiinfeisl trati on and evapotranspiration.
managing frequent stormwatetabl owhingsshethaguralrwat e

reducing |l evel constraints.
Where ZBpPeor 4 bioretention systems are proposed in the
structures, certification must be obtained from a geotec

negatively affect the adj acentt ibnef roabsttariuncet du, Aesay sTWhapeer elh bouri
be used.

Bi oretention Technical Design Guidelines Pagk4
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Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Fi g®Brlbr ainage profile selection decision tree

Bi oretention Technical Design Guidelines Pag®g5b



=
ZZ

7=
I Healthy

"N Land & Water

3.3. Media |layers and depths

The functional | ayers and depths descri bRidg d veerteh ius ede d toi
setting key bioretention | evels.

3.3. Filter medi a
PERFORMANCE OUTCOMES
Filter medi a must:

T support bioretention vegetation
T infiltrate watmeedadifgr i enjtd oyt itwes
f not migrate downwards through the transitiosiltayso, |l dr

RECOMMENDED APPROACH

Filter media in bioretention systems is a sand atna | oam
removing stormwater polluta6itBL00Cd Inmrdekpmg®dees typicall

The composition of filter media is critical to the funct
iadgbal ancing act between achieving treatment performance
for plant gr giwt hteusrsreinfcoiraitsr eat ment perf or mance.

Previous versions of this guideline rGuqiuderleidnetsh aftorf iSotielr
in Biofiltr@adoh) Sdevwelmbmed Iy yt for Advanci(RgWBah een, Bii of
2015, the Cooperative Research CeQRCWSpAQ)bI i WhddopBeosi tiv
Guidelines for StormwatewhdBacrotf ailngs ad i foinl Sygrstmendi a specif
super steldee FaWBdel i Sidshcaet tt mbas been the default standard
media composition.

While systems can be successfully constructed and establ
Adoption Guidelines for Ston BRLWSICH)Bi sfretoghi eadSy bhatmes
speci fication (and its predecessor, the FAWB specificati

I'n 2Wa@8Ber by DesignSpebli fslhadi oimes f or Biaonrde ttehnet isounp pFoirlttie
explanatory Ildnopcruonveinntg t he Bi ol ogy ofTiBé of et mett i iomclSyde € m
filter media specification aimed at making bioretention
retaining treat melntt @legsh encavkaeme e .d ateigan i ng Cloenpodwer iorfg

t hienstal |mitdroent eorft i on systems.

While the Water by Design specification is generally <cor
bioretention siyskteers dhanwstructreawpeicn§i Thets oing not vyet
appropriate to recommend that al/l new bioretention syste
It is therefore recommended that:

1.bioretention filter meditshAlept hoacGuordehtceewi fbr Storn

Syst eE@RCWSGBxcept as modi fied bwy.tdh;el onrotes in Secti on
2.1 f wisthiingl t@ bi or ettleantt iiomn mgorsea elmospi t ablde sti@gnglrant gr
i mpl emeint her of the following, acknowledging that both
1T specifying aafnhdl ¢tempmedld @aor damkc&p evdiitthi cati ons for Bi
Medi(awat er by; D®rsi gn)
T specifying a filter mediAfdadmtiacnc oGuiadeclei nve st hf arh eSt or 1
Syst €CRsCWSC t hen ameliorating the filter meditdheusi ng
Specifications for Bi(oWaetteerntbiyonDeFsiilgtne)r. Medi a
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3.3. Zransition |layer
PERFORMANCE OUTCOMES

Transition | ayers must:

T ensure the filter media does not migrate downwards

T not migrate downwards themselves through #he udrsainage
T not restrict flow rate through the filter medi a.

RECOMMENDED APPROACH

Transition |l ayers are typically included in all bi oreter
is outlined.Bn2Section

For drainage pAr,of2iBl, A43Tywmasnsd ti on | ayers are typically a

For drainage profile Type 1, thteid¢danbetconfigyeatideptadf
zone. See3 Seddbiron he design of transition | ayers in Type

For drainage pA, fdmdes3 Twhpeeas 2 evel s are constrained, the
proeidtdhe top of the drainage | ayer is at |l east 100 mm ab
specification requires the filter media and drainage | ay
criteria deDriamiedagen dfheSubsur f ac@&T eWwahtneirc aflr oB3u RweatdRa a tls ) :

1 D15 (drainage | ayer) O 5 x D85 (filter media)

19T D15 (drainage | ayer) = 5. to0 20 x D15 (filter medi a)
T D50 (drainage layer) < 25 x D50 (filter media)

T D60 (drainage layer) < 20 x D10 (drainage |l ayer).

3.3. Drainage | ayer
PERFORMANCE OUTCOMES
Drainage | ayers must:

1T ensure overlying media does not migrate downwards
T not restricttH#@iolwm erh rnoeudgiha .

RECOMMENDED APPROACH

The recommended drainage | ayer parameters for each Dbior e
Tab6e noting that the design of the drainage | ayer in Ty
highly dependent on the configuratioR.@8f).3pdei §acat abpaedd:s
for drainage | ayer materi4al3a3e provided in Section
Tab6.Becommended drainage layer parameters
Bioretention drainage profile Drainage layer parameters
Type 1 saturated zone . 7T 6 50 mm of drainage |l ayer material al
T underdrainage pipes.
f Base does not need to slope.
Type 2A traditional sealed 7T © 50 mm of drainage | ayer material al
T underdrainage pipes.
Type 2B traditional unsealed 1 Base can ediltaterorb sl ope towards the o
recommenglreadde is 0. 5%.
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Type 3 infiltration & with pipe . 7T © 50 mm of drainage |l ayer material al
T underdrainage pipes.
T & 200 mm of drainage ladsyleort tneadt eorri al |
T perforated pipes.
f Base does not need to slope.
Type 4 infiltration 0 pipeless. T No drainage | ayer required.
3.3. Bad4urated zone
This section only applies to Type 1 saturated zone bior e

PERFORMANCE OUTCOME
Saturated zones must support plant health and stor mwater

RECOMMENDED APPROACH

Saturated zones are a water storage integrated into the
saturated zone bioretention systems. The water | evel i n
outlet (or similar) tha@tneonablébowapet wbespill eknteeds t
zone. During,dhey wataerhelrevel iin the saturated zone is sl

evapotranspiration.

The top of the saturated zone (i.e. thaetcapaeirtyevmlsiwhlee
|l ocated within the Rirpbhdeg taomhdnmaped owsede bottom of the
The top of the saturated zone shoul d,aott thies |maytleada dvittd
of nutrients, nor witahsi n htitse ntarya ipmege nihaydamdg | hair yt @arce i &)
to plants.

The recommended mini mum saturatedFizgoinkke depth i s 350 mm (

In dry climates that experience no rain for more than si

Stormwater Biofiltration S(yRBAWBns 2AOP)t i roenc cGumedred itnves opt

I ncrease the saturated zone depth in accordance with

1 Equat3 ofror example, if a bioretention is |ikely to exp
depth would be 450 mm.

1T Make the saturated zone as deep as possible and all ow
during the dry period via surface irrigation or direct
bi oretention with a 350 mm dteoe pe xspaetruireantceed eziognhet iwse elkisk e
the saturated zone would need to be filled after appro

Equat3d on

D =mmB/ day x t
Where:D = depth of saturated zone ( mm)

t = average of the Il ongest annual dry period for t
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3.3.Pesign levels (outlet, surface and water | evels)
Critical bioretention |l evels are defined relative to the
|l andscape. Setting the design |l evels is typically an ite
DESI GN NOTE: Inl et | evel constrained sites

In some cases, the bioretention system surface levels.

aregi ct abtyiendf | ewslus hwhesi ae® bei ng raetdr dfhiet tiend | ow | ey

inflow |l evels are fixed and not suitably elevated a

options behowégsiti gat ed:

T drai tnihirgor et ¢ mtlioov@o wnst roauarh et

T designing the bioretention at fd obumsgobhden Isltue v eDla eadfde
increased hydraulic and maintenanict i snpilmgpatti amts
that the | ocal authority is satisfied with this ¢

3.3.Dutl et pipe | evel

This section only applies to bi,or2A,en3 slaynpder adi rbd goa egremfti
systems do not have an outlet pipe.

PERFORMANCE OUTCOMES
Qutl et pipe |l evels must:

T be suftiocieaamsatecumul ated sedi ment hedoées emnofpilpleockhnnect.
t heeceiving drainage system
T all ow bioretention filter media to drain freely.

RECOMMENDED APPROACH

Bi oretention system out Itehtese cseh ovd Indy drr aii, s afgeea eslyjsatbeddesi n

The recommended pipe grade is at |l east 0.3% (preferably

of the outfall pipe or chanmekcehegriregi drdi sagaerggstiemto

TabV?V.&utl et pipe |l evel .recommendati ons

Receiving drainage Mini mum recommended | evel ‘

Ephemer al waterway 300 mm above waterway invert or 100 m
whichever .is highest

Perennial .waterway 300 mm atbhodwrey weat her water | evtelhweotr 1
season water | evel ,stwhi chever i s high

Natural wetl and 100 mm above the maximum of the groun
water .l evel

Natural .ground 100 mm above the maxi mum of the groun
water .l evel

Pipe drainage syst 50 mm abbkeevettheofvnstream pit or pipe
wetss eashansef |l ow [ evels

3.3. Bidretention system levels relative to groundwater
PERFORMANCE OUTCOMES

With respect to groundwater and tidal |l evel s, bioretenti
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T ensure bioretention biota is not harmed by waeer infil
bi oretention system
T ensure groundwater isbinotetdemwinomowmdéiydrai nage.
RECOMMENDED APPROACH
Al'l owing groundwater obi oi e@taé¢nwiaomer!|l apyersntean be detri me

bacteriagt d.ungwi thin the lsegysafefrectPddnkty tcheen qual ity of t
byhaving saturated rootenfoti ma. eRceboengetywettirnegduocfe t h
its ability to prodtlalitmansttsor nBwaotreert enti on systems may al so
groundwater | evepoogmuadsi shyshuarrfgece water i f t luenydwarterl eft
intrusi on.

The recommended bioretention system |l evels to ensure ade
are out ITialb8.ek Tme all owancebdwa t3l0e0 MmMnghest astronomical

for potentialduecatld maék chaege and is in accQuaam<cleamwd t |
Urban Drainage Mdlnusatli t(uQUeDM)f Public Works Engi,n&®rling A

Tab8ecommended bioretention |l evels relative to groundwater or
Dr ai nage profiLevel relative to wet seaso Level retheive
( WSGL) hi ghest astron
(HAT)
Type 1 saturatlmpermeable liner extends O I mpermeable 1.
Note that a permeable |iner €xtends OaBO00el

3.3.shoald be applied to t he HAT
sides of the system and app
batters.

Typ&t2adition:Typic,xlolmpl etely seal ed)4 sva@ | Base of transi .
seal ed further requirements. Where 300 mmoVvHAT

i mpl emented solely to preve

interactions, the extent of

system can be reduced so sho
mini mum mim 8B06ve the WSGL.
where an i mpervious |liner d
surface of the system, a pe
with S&8c®Bisénoasl d be applied
remainder of the sides of t
appropriately keyed into th

Type 2B traditBase of wunderdrainage pipes
unseal ed

Type 3 i mofwil thr

pipe

Type nd i 1l &rati Base of transition layer O
pipel ess

3.3. Ex3ended detention
PERFORMANCE OUTCOMES
The extended detention must:

T have sufficient tempedasiygstobjaogetitwes
T not harm vegetation through excessive inundati on
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T nobe excessivelynegapivel gsattféect integration with the
(streetscape syst.ems in particular)

RECOMMENDED APPROACH

The recommended maxi mum ext endewmhm@eaz Ol ifoonr dceopntsht triasa tndefm
such as street acapdofingB@ked)e that this is a maxi mum dep
can and should be used where doing so enhances amenity &

The overflow | evel (typically the overflow pit crest) i s
detention depths greater than 300 mm can i mpact plant he
the filter media. This camfr dcdiec e ytsh e mo airea tt eon obaulr flaicfee ¢
release bound pollutants.
__7__________’,51_.K_
/ { o— Maximum water level (MWL):
/ { Overflow / '
| pit crest / I * Constrained situations 200 mm max. above pit crest
44 ( f * Unconstrained situations 400 mm max. above pit crest
3 | | 300 mm max. above weir

17

I i e Extended detention:

I / “ * Bioretention swale 0 mm

Buoretention | * Constrained situations” 200 mm max.

fu\rf,a c\ele:/el * Unconstrained situations 300 mm max.

b B

:: ‘. * e g. straetscapes

\/ \' '\‘

I,\ NP

\Nr ’ \

P 2 e

\ :"\

R :‘:;

Q‘O;

B

L I
Fi gBRExtended detention depth and maxi.mum water | evel requiren
3.3. Maki mum water | evel
The maxi mum water | evel in a bioretention system is the
under design conditions, consideri m@bdlgl. rTehlee vmanxti mutmo rwma
|l evel above the bioretention filter media surface will &

system and the overflow configuration.
Consideration of the maximum water | evel is required at

1T Functionadusdedi gret embankment heights, which in turn i
the total footprint of the system.
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T Detail edddatni cronj uncotuitodne swiiggnh and embankment heights t
design storms are safeslyysteeomdvehedbtindsm dbenot overtop
manner .

PERFORMANCE OUTCOMES
The maxi mum water |l evel mu st inform the mini mum embankme
RECOMMENDED APPROACH

At functi onadle dmaxiigmum water | evel can iRigBaélAy hetdaef ie
desitglhe maxi mum water | evel is refined.)danad i ost hewetnlceet d
mi ni mum design | evels for embankments around the biorete

I't should be noted that the maxiigniideswagmatl evebsomméndat

not hard rules. The maxi mum water | evel i n a biFdargaBtRent i c
but consideration must Ikaé f giveamltlo shyosw etnmh idse pwihl,labhde gr a
integration with the | andscape, along with any additione

the system.

Where bioretention systems |Iie within a flood detention
by flood storage requiré&@mén®s (refer to Section

DESI GN NOTE: Maxi mum water | evel for streetscape bi

In streetscape bioretention systems, the maximum allowable water level is defined by the maximum

allowable flow depth in the adjacent street kerb and channel. This depth is defined by local standards

such as QUDM (Institute of Public Works Engineering Australasia, Queensland  , 2017) to ensure road traffic
and safety standards are met.

3. 3. F.iOmeedrisaur face | evel relative to surrounding surface
PERFORMANCE OUTCOMES
Rel ative to the sur,tbenéfli hgeramddcapsurface | evel must :

T ensure accumul at ed skldo tneient!| edt¢ s@i meo t
T provide safe and stable bioretention system edges
1T ensure the bioretention system forms an attractive | an

RECOMMENDED APPROACH

I't i s recommemianefd otvhapti pe or channel i mwe Iftaxc edroedb r &&th eanrt i a
system (preferably 200 mm above thér sanrcfuancuel)attion gorierv emitp

Bi oretention system | evels shouwlrd olueadodnmgsd eeinme nd rag ayt itrog td
depressions within the urban | andscape. The el etvhaeti on di
surrounding surface is referred to as the bioretention s

The recommended maxi mum bi odroewtne nitsi oonT tslhifrdeadt sihne whFiignur e
33

Tab9Recommended maxi mum bioretentdioovm system surface set

Bi oretention appll Bioretention system surface set down

Bi oretention Technical Design Guidelines Page?2
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Al'l ot ment biorete 500. mm
Streetscape biore 200 mm below kerb invert at bioretenti
Civic space biore 500. mm

Par kl and bi.oreten 2000. mm*

o O O OO

Bi oretention adj a 2000. mm*

are.as

*he 2000 mm surface set down f or tlpiaorrkeltaenndt iaonnd snyasttuernasl aad

a |l arge bioretwhitdlnr seywitreans a deep set down (e.g. becau
cover). Smaller bioretedanmtdrokl srnyddstaems mat wmrcelntareas can a
designed with small etrocsedetlhae eosetaldlowheot print of the bi

Top of embankment /
surrounding landscape

Bioretention surface set down
// \\ allowances (refer Table 9)

— - ﬁ—
i __; lFMef - L,
8 o =
N 4 fu ace 1

] i — =—1 E==

/ Qutlet level :

— =3 | = e =—
Fi gBRBBi oretention siysettemnstiof atkandscape integration
DESI GN NOTE: Topsoil l evel on batters and embankmen
Design |l evels for batters and embankments refer to
design should account fooftapmionil mpmhaafe m2hQ@ mm meet
| evieilni shed topsoil |l evel s must then tie into taned f
ot her el Emesntiss an i mporttoantncdeusdiegno nnodted ai | ed desi ¢
specifications. 4Rdff ddrr < e cSiefcitdatni on det ai |l s.

3.3.Miéhi mum embankment height
PERFORMANCE OUTCOMES
Bi oretention system embankments must:

T contain the maxi mum water | evel with appropriate freeb
T prevent the bioretention system from being damaged by

RECOMMENDED APPROACH

The minimum bioretention embankment height depends on tF
configuration of thehosgtmetnsl hnhptami ncemum embankment he
|l argest design flow entering the system (often the major
overflow weir without overtopping the embankment. An adc
freeboard.

Some common scenarios include:
1 Whertehe major storm enters the system, the minimum emb.
overfl ow weir (or outlet pit if a weir is not present)

weir/pit and freeboard.

Bi oretention Technical Design Guidelines Pageée3
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T Wherae system is | ocated offline and only | ow flows ent
mi ni mum embankment height is the height of the overfl o

head to convey the flow entering the system and freebo

I't is recommended that embankment height provides for fr
of :

T 20% of the elevation dif fmerdesacref ded wered maxi humtwat er
T 50 mm.

This freeboard recommendation aligns with a recommendat.i
stormwater inl e@UWDMilenssctriitbuetde ionf Publ i c Works Engi,neering
207 .

For bioretention basins not combined with detention, the
embankment heigphprogsi oitmt elbpwyve the filter media surface.
Where bioretentd¢olnl ®eawititets daerteent i on, the volume of stora
will often necessitate aiditghatri @embatmikenemitni mummtdémbankme

greater of that required for the stormwater treatment ar

Where a bioretention system is | ocated on the | ocal or r
must @dmiidremruni ty from flood evdem).slO refer to Section

As di scussed®d.i3n 33dicet imamxi mum water | evel in streetscape
encroach into the road pavement. Local authority freeboe
streetscapes should be applied in these situations.

When proposing a new bioretention sksge@she wimti mii muan dDluapmi
and freeboard requirements should be considered at the |

bund This may require cut and fill techniques to avoid
Designers shoul gpessofecbhésgutrati ons do not compromi se
space requirements for the system. Developing an eart hwc
pl an is wusadfhwlc atto nags sbiusntds and achieving freeboards.

Take care to ensure this
depth is managed to avoid min. distance required for batters*

large batters where applicable
| |

Bioretention ‘

Sloping road / landscape plant spacles

AV
d\/\mﬁf\% m’\/n' .""blll.MAuA_A}

W Road and verge slope (0. 5%)

M T TN [
é // 77 T
Extended detention & "/ T ;’
freeboard measured from .A.L/// _/_// |

lowest point in adjoining * Grades subject to local

road / landscape Bioretention layers authority requirements
Fi gBdEypi cal bioretention. system embankment
3.3.3e%el constrained sites

PERFORMANCE OUTCOMES

Bi oretenti ohesdntetntsaiimed must :

Bi oretention Technical Design Guidelines Page4
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T adapt to the constraints of the site
T be robust and resilient
T demonstrate that they are the most appropriate solutio

RECOMMENDED APPROACH

|l heveednstrai hedair angd desptginons may fpa bfifeadi loe di scussi @
approval from thg& | ocal authority

T Adoptangaturated zone that can only be drained (e.g. f
T Reducthg buffer between the bioretention outlet pipe i
and ensuring the bioretention base confor mBaléte tViee yspe
accurate survey and seasonaruswaphesrv ildeevde It ad nlfoocrara ta uwtnh o

demonstrate that the bioretention will freely drain.
1T Removitmg transition | ayer by ensuring the drainage | ay
requirements seB3.QufAilT@n g&aetraddalvyo uagemd b ach t he transiti
provides resilience against structural coll apse of the
T Usiomme or more other technologies that meet the desighn
l evel constraints.

3.3.8Base preparation
PERFORMANCE OUTCOMES

Where the base of a bioretention systemtdcoe shnavssbte i ncl ude
preparmenéd xti mi se infiltration.

RECOMMENDED APPROACH

Unl ess a bioretention system features an tmpemawmeambbke | ir
exfiltration of stormwater to thebbBarebaentdiog sg¢9stemsTae
their base is inadvertemphygyttompaanhegdreV¥bhs or | imit exf
the bioretention system.

To overcome this issue, the base of the bibeetersatabhatliec
underdrainage pipes. Ri pping shoeptdh band obrae ak nu pmueno 3P &c
|l ayers sufficiently to alal avelexfiivletlryateiveem vwshuirlfe clee & wirn g
underdrainage pipean(be taiad that without sinking in pla
bi oretenti ogr asdyesdt etnowasr ds t he dlhtaitnederpdrtaitma ggen spuirppes ¢ 0 mj
drathe superintendent should ensure that the rippbag doe
should be used to | evel the base of the bioretention sys

3.3.8iners

Bi oretention systems often require a |liner. Theonhbaded for
drainage profile and site conditions. Liners can be eitt
3.3. 3 mpbermeable |liners

PERFORMANCE OUTCOMES
| mper meabl e 1iners must

1T Enhsure water cannot be exchanged between the bioretent
1T Be durabl e.

RECOMMENDED APPROACH

Bi oretention Technical Design Guidelines Pagés



|l mper meabl e | ine
seal ed bioretent
can be made from

mper meabl e |ine
Liners that ex hi
should be avoide

The full extent
subsequently cer
drawings and in

For Type 1 satur
the saturated zo
Sect808) 3.2
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rs are used for Type 1 sathtatveddtzomeal bi
ion systems. The |l iner shoul d®m/asv eamd hyc
compacted clay drhealmaruf anutsdar endd t mbtee il

rs in bioretention systems are designed
bit seal sealing properties if -speuanict ur ec
d.

of the I iner should be installed under t
tified by that engineer. Requirements fc

the specification.

ated zone bioretention systems, the i mpe
ne. The | iner may need to be extended hi

For Thkpeadi sieaha&ld bioretenhéeonmpgstviemss | iner will typioc

the surface of t
the surface of t
sides of the sys

The recommended
clays are avail a

Bentonite | iberas
have a compl ex s
sheets and aroun
|l iners are not r

Bentonite | iners
included on desi
Proprietary 1line

500 mm beyond th
covered with at
Queensl and and N
bounds the syste

Fi gBbBi oretenti on

3.3. FPe2 meabl e |i
PERFORMANCE OUTC

Bi oretention Techn

he system. Where is used solely to preve
hTea bs8yest amp ér eméabl ol i ner should be used
tem and appropriately keyed into the bat

i mper me atbh ieccdimpraert eiddi ndyfhdr snmve c¢cl ay. Wher
ble onsite, they should be used to creat

sednt aliempepartmeanl e | iner. Given that bio
hape and have at | east one pipe connect:i
d perforations (e.g. arodHdDBEpapésothdr sp
ecommended as thweiythare difficult to creec

shoul d be time tmdndwfdaidnesutraercisi darsc e Twietshe
gn drawings and in the specifications pe
rs and membranes should be 6keyed& into

e edge of the fiitlhteear pmenchieals i(tiou dshoeiulg na M @
|l east 200 Immns toift uttoep soofi P u bReifce rWotrob st hken g i
0 (I tPA\EEDMT Pt earnrdiatrodr yDr awi ngs for details. W
m, the |imeembasikaneind dxoxtrem@&i gBre cteme nt (

system |liner eRhetmdedr edietr: efhhawk meait sst er .

ner s

OMES
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Permeable |iners-smustspiégehtomncontaminating filter mec
RECOMMENDED APPROACH

Permeable |liners (e.g. geot exbtuitl enjota rtelTey gheads2eBo t Ir iané t i lo @
unsealfgpge n¥ i | dwiatth ognm @ eT yipref i4] dpiagélosess bi oretention sys:
iitu soil mi gration into the various | ayers. 't i s recc¢
bi oretention base to allow the Iiner to be held in place

Permeable Iiners should be used ar ounadndt hTeyApsee d2esd of Type
bi oretention systems if the i mpermeable |iner does not ¢

Permeable Iiners should be 6keyedd into bioretention bat
edge of the filter mediha&n(ipieanxedputoheinbaanheérd¢overed with
of topsoil. Re fQNMS tteon d ahred I10Pr'WEWAI ngs for details. Where bi
bounded by an embankment, l'iners should extendigwdhr t he

DESI GN NOTE: Options to exclude permeable liners

The advice provided in this section regmgdnwviat ipvagt me
many inspamnemesable |iners can be excluded, |l owering
permeabl e |iner is to be excluded, g & aot eencchmsi tcrad t ea dtv
situ soil appropriately bridges with the bioretenti
bi oretention | ayers. Dispersive soils, acid sulphat
present ,e arseqtuhierse the use of an i mpermeable | iner.

3.4Bioretention system | ayout

The | ayout of the bioretention system should ensure that
t he syasntdehrat t he | ocation and ddesrnagtn odmpgrhemies e | tehme na e n
function of the surrounding spaces and infrastructure.

The | ayout of the bioretention system should consider tF

T devel opment of an earthworks modept tlnalasisti st i n detern
T filter media size

1T shape and |l ocation of the bioretention system

T inlet and outlet | ocations

T bioretention system edge and | andscape interface

f maintenance access

1T underground services

19T road reserves

T fl ood storage requirements.
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DESIGN NOTE: Timing of development within the catchment

During the design process, it is important to consider the timing of development within the catchment
of the bioretention system. Refer to the  Guidelines for the Construction and Establishment of

Bioretention Systems and Wetlands (Water by Design ) to identify options for construction staging and
methods for ensuring bioretention systems are resilient while the catchment is being developed.

Key considerations include:

T location of inflow and outflow points

T protection of filter media from high sediment | oa

T management of overland flow paths into or around

T the system

T use of the syfitletwmelf @i i Ihsttal | edpaasnadsedingperconstr

T delivery of Wwhegetagecshmenst wil | have building and
occurring over several years or mor e.

If the implications of the location, construction technique , initial sediment load protection and

management options  for a bioretention system are not considered during

design, major constraints can occur in the construction phase. Poorly designed, poorly constructed or
damaged bioretention systems may not be accepted by a local authority at the asset handover

stage.

3.4. Earthworks model
PERFORMANCE OUTCOMES

The ears$nhonwdoerlk must detnhoatasrt tr awfaorrk st he bi orettamtiben system
accommodawietdiient i cal and horizont al constraints.

RECOMMENDED APPROACH

Developing a di gogehalonhfteearthworks model of the proposce
to test the design | ayout. Having an accurate digital m
reduce the number of desyiigmg idreirtaitd alnsl éoweli demd iffoot pri n
can gradonafrkwpnse in detail as subsequent design el ements
be used to produce design documeertsisnsh &srplimate tammt isd
syst ems, scale ddawiemgs$ ocamad Cw® designs may suffice.
3.4. Filter media area

PERFORMANCE OUTCOMES
The filter medi a area must:

1T be sufficient to achieve the design objectives
T not detrimentally affect the |ifespan of the bioretent

RECOMMENDED APPROACH
The required filter media area should be confirmed..2si nc
One of the following sizing options should be used:

T Confirming concedplthedddilgrersimeali a area should have beel
concept design phase (e. g.arueliewammMUSd ee meod ttwa r.ceolndfp | tyh es
catchment and bioretention system properties (e.g. <cat

Bi oretention Technical Design Guidelines Pageées
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depth, extended detention depth) have not changed sinc
size should remain valid.

T MUSI C mo doeNhleirreg cat chment or bioretention system | ayer
concept design, MUSIC software cmadhbaa euas ende etdoe dc a nof iarcnm i
relevant stormwater management objectives.

Where the available space for a bioretention system is ¢

relevant smanmgemebfectives), the design team should i n\y

the filter media area within the giventbesustoamdit ddcdhseThi s

bioretentiamd sygrstietmer ati ve approach to designing the | ay

DESIGN NOTE: Coarse sediment removal areas

Space for a coarse sediment removal system should be included in the overall layout of the
bioretention system (e.g. a coarse sediment forebay or inlet pond). The area required for these
elements is in addition to the filter media area. Methods for sizing forebays and inlet ponds are
provided in Section 3.5.3.

3.4. Shape and | ocation
PERFORMANCE OUTCOMES
The shape and | ocation of bioretention systems must:

1T ensure the system is suitably integrated wiafh tthe ¢iatna
T allow the system to be easily constructwhi lwanedeit icttphnremo n |
design objectives.

RECOMMENDED APPROACH
Bi oretention systems are permanent Mamy tfiomtso rtsd hierhfel yeaurbd

enjoyment of public space. Bi oretention designers need t

throughout the design process to ensure positive impact s

For bioretention systems in road space, the factors to ¢

movemeRor systems in parks, the factors to consider incl

recreation areasaramunodpemackds.k For systems in civic spac

shade, seating and ease of movement for | arge groups of

Vi sual and | and use integration issues need to be caref.

shape and | ocation.

Vi sual i ssues include:

1T aesthetics of engineering and maintenance infrastructu
access ,buaddmsd b atFti grdsteet d&i g Bije

1T blocking scenic views and important pedestriafigmudeveh
38

T ensuring the shape of the bioretention systhemrigsanadamgpr o
curved shape is generally ,swhit @blaembore magudal asgtutl amg

Suit ebduidlphr e dFd g(lBMPe

Land use issues include:

T i mpacts fromnodveerdmavdowi ng from tall trees

T space requdbbemeant sbatters, maanmd esaintceant rmedscti on i n
verge area

1T location of dDyotrdemMmphitcahi ons on park circulation and wu

Bi oretention Technical Design Guidelines Pageé?9
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Trees and shrubs planted Smooth grade transition 7"’1,
in and around over top of bund
bioretention area e
v \1’7/

- y

q) ,
¥ (1 : Trees and shrubs
il ! Z ’ planted to base
'l o of batters

i i

bl \
i} xﬂj“]_ﬁ?‘lhu‘ e S \

Bioretention Smooth grade transition to
layers _l meet natural ground
Fi gBmB¥i sual integration of bioretention systems

. Maintenance
" . track located out
of general view

Vegetation within and surrounding
bioretention area to aid visual integration

Fi g®Br7’éi sual integration of bioretent.ion systems with existing

Bi oretention Technical Design Guidelines Pag®eo0
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Views to oncoming

pathway users

Pedestrian
pathway

>t

Vegetation within and surrounding
bioretention area

\‘LW growing
vegetation
Bioretention
layers
SECTION L
—4
> .
D { b
\ %
\" - ( ? \ :
B e -
~ ?\' Bioretention area //y I e
3 (% S
-, /,'I "
! A
S (D
g "

PLAN

P«ios;rian pathway

Maintain sight lines to oncoming pathway
users - low growing vegetation

FigBBent egrat.

on of Dbioretention systems with pathways

oretention Technical Design Guidelines
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Abrupt grade transitions to
meet natural ground

ﬁ’f—-[_ = _:E—’—- __T:r'_ —— Defined radius

on comers

. Uniform batter widths
% R l_j
T and grades

Formal, angular shape hhﬁ

Smooth, gentle grade transitions
to meet natural ground

Variation to batter
i]\ widths and grades

\E:[IJ:D \1\\; 6/\) Gentle curve and less

defined comers

Informal, organic shape

Fi gBROBi oretention system shapes

The filter media area can be ,poromedeidntdealomestal dnyysh ary
constructed andamihidhaeasi nneadt result in unacceptable hydra
interaction of visual and | and use el ements should be ce
and | ocation of bioretention systems.

To enshhe@®enstruction and maintenance of the bioretention

T be a nm muaimdt h onfim,a6sO0Onar r ower bioretention systems are d

1 where construction access is available from both sides
15m (@&m0at an absolute maximum) to ensure the system cal
the edge using typical constructtigmMfeqgui pment and mach

T where construction access is available from only one s

10n to ensure the system can be constructed and maintai
construction equi pmefRt gead machi nery (

1T bea maxi mum | emgtb wmfn#édftise the risk of uneven distrib
surfaceéi mit the | ength.of underdrainage

Bi oretention Technical Design Guidelines Page?2
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Blend to existing vegetation Excavator - 10 m reach Blend to existing
vegetation

15 m (max 20 m) with ! max 10 m,
construction & maintenance with construction
access to perlmeter. & maintenance access
to one side only.
Fi g4mOBi oretention width | imitations
3.4. 3a¥ge system configuration
PERFORMANCE OUTCOMES
The design of | arge bioretention systems must:
T enabtilte system to be easily constructed with commonly
T ensure water is distributed e¢yseétySa8cthods t he system s
T protect the filter media surface from high fl ows
T provsdéficient hgaoat hf of all plants in the filter medi
RECOMMENDED APPROACH
Large bioretemptriecent goeltalm enges not faced by smaller sys
Consideration must be given to how:
T the system wil!/l be compdctuicn ¢ dt tweé t fhiolutues it ihmeg dui nad earnddr a i n ¢
T to evenly distribute water across the filter media sur

medi a area

T to provide suf fsiupipomier wawt brpdfamalsl wi t hi n t hesffuirlttheers tme ¢
from the inlet often experience drier conditions)

T to protect the filter media from high flow velocities

To achievéatriyies bi oretention systems with a tZsthaolulfdi Ibteer
split into cells o0o%fTmios |iag giem da daint i8®@M tmo fl ow di stribut
Sect8oh. 7

As depi dtigddrlienl arge systems should also incorporate:

T aninlet pond ( setdo nteanptt ubraesicngar se sedi mer(ts een & Skitsd)sBinpda t

Note that a sedi ment forebay is not suffiamzent for bio
T ahigh fl owrmympass inlet pond tottohédyrmpascesi \hiimd dirl aiwsa @e
bi oretention system cell s
T al otwl ow confheomi bthe inl eli proetde ktidilosnitedonvey design f 1l ows
bioretention cell s

T fl awstritbhawpr evwmadt evenl y acr ossoft htehes ulrifoarceet e @ cBectlyisod @ |
3.5.7

1T construction and mabpetewrancandcaessnd Wioorpatoesr tdieorf oae le
mai ntengaee S&8ct)i &n

Bi oretention Technical Design Guidelines Page3
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Where di mensions outside these recommendati ons are used,
with details and justification of the proposed design a
Note that where a bioretention system is described as b
more entirely separate sections of filter media fed by
by a singbeshohlwieg #@isnot appropriate. Such designs assi st
not htogevenly distribute flows across the filter media

DESI GN NOTE: Cell smfdreater than 800

Whewersioah of this guideline was released in 2014,

using exclhemdaeahres need for a maxi mum.s ySsitnecnre wihdatth toifm
slingers to throw filter media into bioretention sy
used to construct bsygséeéeenwi dbhsygmeaarerb dThmms djibn |to
filter media ar eam?tga elned ede sihpgme 80&Ond constructed s
mitigate tdei atiesk swiatsls very | arge bioretention syst
recommend that the maxi mum sizemdf Deisomgeatenst wdois hd elg
cel |l srtlhaarnget hi s should justify their designs agai nst
3.5.7

Native plantings to blend to

B Veg!

access Stormwater Inlet pond

/
High flow bypass ﬂ b=

Bloretention

Bioretention system Existing waterway

Organic basin shape /
form and use of

trees in the planting
design aids visual
integration with
natural environments.

Fi g4udrlExampdyodtalmfr ge bi oretention system

Bi oretention Technical Design Guidelines Page4
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Inlet ponds

Connections from inlet
pond to bioretention

Bioretention basins

Optimal solution:
Bioretention area divided
into two completely
separate cells.

e Healthy

"\ Land & Water

Undesirable solution:
Bioretention area partially
separated in ‘pseudo cells’.

Figdr8eparation of bioretention filter media into cells

3.4.4nl et and outlet | ocations

PERFORMANCE OUTCOMES

I nlet and outl et | ocations must:

1T allow inflows and outflows to be efficiently managed w
surrounding areas

1T ensure hydraulic structure | ocations are sympathetic t

RECOMMENDED APPROACH

When | ocating inlets and outl ets, consider:

T filter media area (|l arge bioretention systems may requ

T outlet structure type (overflow pit, side entry pit, w

T underdrai nagmaydedsiicgtnat e where and how many) overfl ow pi

T landscape aesthetic of inlets and outlets (these struc
|l andscape features. Locating outlet pits out of direct
adjacent to pits should be considered)

T local authority requirements.

I nfl ow and outflow structures should prlkif @gu@dnldyi dberdd oc at

to

1T ensure high flows can reach the outlet without scourin

1T all ow bioretention systems to be partitioned off and f
activities such as building and house construction tak
vegetation and the filter medGai defrifnee,fas OhecCGaesedr
Establi shment of Bioretent(iWwan e3y btye e samgd)Wet |l ands

Bi oretention Technical

Design

Guidel ines Pagesb
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"\ Land & Water

When | ocating inlet and outlet |l ocations close to each c
bl ockages or accumul ati on of steditri sufidtcomdgt hree s wnllteti n owa the
Figune

Infl ow and outflow system de3s.ibgdB .i6s di scussed in Sectior
downstream
+/ Side entry pit located downstream of X 8ide entry pit located upstream
bioretention pod overflow J of bioretention pod

YBinfiow ) \

L e i v v

: downsfream
]
—= 7 —
/ { g@inﬂmﬂw q \\
\ ;.J_-/
N //
M/Field inlet located to SCField inlet located too'
receive high flows far from pod inflow

* Adopt the side entry pit configuration in preference to field inlets where possible

Small scale {e.g. streetscape)

inlet
i I i/ \\\\ ///

R =1 Proferted overfiow pit/ O | R

weir location - minimises Il
flow path to overflow

high flow bypass over

y la f fiter med
Medium - large scale frarea cliienmera

Figu@BBi oretention inflow .and outflow | ocations

Bi oretention Technical Design Guidelines Page6
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and & Water

FigurdGood example of an inlet and an ouPhetolocaded: chRodeewoCe

Fi gudibRoor example of an inlet and outwledrsen occiirt ceub dadlunfigs® t bo e ac h
credit: Brad Dalrympl e.

3.4.F£dge and |l andscape interface (batters, embankments
Designs should consider visual amenity and the safety of
system surface to the surrounding |l andform and | andscape
a significant influence boinortehtee notvieorna Isly sftoeomsp,r ianst twdefé | as
adjoining |l andscape. This section inclordesedgperobanbi dese

systems.

3.4. Bu¥rounding | andscape

PERFORMANCE OUTCOMES

The | ayout of bioretenteigahtiisngsacetmss umursotunndoitng | andscape
RECOMMENDED APPROACH

Features surrounding bioretention systems have an i mport
design of the system. Exi sting features often need to be

Bi oretention Technical Design Guidelines Page7














































































































































































































































































































































































