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CHAPTER?Y

CoNSTRUCTED PoNDS AND WETLANDS

91  INTRODUCTION

A growing public awareness of environmental issues in recent times has elevated water
quality issues to the lore in public debate in several areas of Australia. Urban developmeants
as well as agrcultural aclivities in rural catchments all contribute to increased pollutant
loadings into the receiving waterbodies. The nature of pollutants emanating from different
landuse is different and as a conseguence treatments to improve the stormwater guality
would necessanly involve a number of measures. It 15 well documented that urban
stormwater runoffs are generally of poorer overall quality than runoffs from a rural
catchment and there have been a number of significant studies into developing appropriate
treatments for the range of pollutants generated from wurban caichment activilies
Agricultural activities in rural catchments and urban developments can often lead to high
inputs of nutrients into the receiving waters which could lead to excessive algal growth,
particularly of toxic blue-green species such as Nodulana, Anabeena and Microcystsis. For
example frequen! outbreaks of blue-green algae In many water supply reservoirs and
omamental lakes have highlighted the effects of progressive build-up of sediment-bound
nutrients in receiving walers over a number of years.

Issues concerning pollution that endangers the sustainable utilisation of the nation's water
resources have focused government authorities towards integrated catchment management
where both causes and effects of pollution are addressed. Constructed and natural wetlands
have been promated as effective means of impraving the quality of starmwater runoff from
both rural and urban catchments, Like all envircnmental engineering systems, the
processas underlying the role of wellands in water pollution control are multi-disciplinary
involving biological and ecological sciences, aquatic chemistry. engineering hydrology and
flow hydraulics.

A review of current practices in the utllisation of constructed and natural wetlands for
stormwater pollution control found current design guidelines to be ad-hoc. Mosl design
parameters were based on adaptation of experiences from treatment of wastewater, Il was
not clear in most cases how some of the differences in the hydrologic and poliutant loading
characteristics between stormwater and wastewater have been accommodated in the
design guidelines

Urban and agricultural runoff quality control by detention in wetlands has unique challenges
that differentiates it from waslewater guality control. A recent review of current design
practices for the use of watlands for urban and agricultural runoff found them 1o be primarily
based on wastewater treatment technology and were generally inadequate in accounting for
the inheranl variability of stormwaler runoff generation and pollutant loading. The vanable
nature of urban and agricultural runoff characterislics includes -

#« the intermittent nature of runoff;
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= fhe vanabillity of rainfall depth, storm duration and storm pattamn;

* fhe varable rate of pollutant accomulation durng the perlod preceding a siorm avent:
and

« the uneven distrbution of pollutants during @& storm event, e differences in tha
palutograph compared fo tha runofl hydrograph

All threse charactaristics confribute 1o a much higher infiow dynamics 1o the wetland. Design
practices based on assumplions of steady inflows and a prescribed performance (eg
detention tima} for an individual probabilistic event are considered fo be inappropriate for
wurban and agrcultural runoff treatmeant. It is therefore not surprising that insufficient
provision of storage volume and unsatisfactory hydrologle and hydrodynamic control
ara the main caussl factors for poor performance of construcied wetlands as water

pollution control facilities.

Recan experientes have
indicated a trend towards edthar
the incorporaton of existing
reatural watlands or the
development of weflands and
ponds as landscape features fo
enhance s landscape irrl-un'rl::,r o
assocped urban davelopmeants
as ghown in Figure 8.1, Howaver
there is often hflle thought on how
lhese wellands can be ullised
effectively 10 sernva  othar
banaficial  functions associaiod
with improvemants 1o stormwater
quality and provison of wildlidfe
cwlng hablitats. As 8 resull, many of
m?:pm.h‘ - thesa urban wetlands and ponds
are becoming a long term liakslity
fo the community. o

problams encountered Include: -

Flgurs 8.1

socumulation of fifter in some sachons of tha welland,
accumulaticon of ol and scum &t "dead rones® in the watland;
infestation of weeds or dominance of certain epacias of vegetation;
masguits problems;

algal blooms;

scouring of sediment and Banks.

A lol of the above problems can bs minimised or avoided by good enginearing design
principles. Poor wetland hydrodynamics and lack of apprecistion of the stormwaler
treatment chain are oflan identified as major contributors {0 wetland managameant problams
Wong and Gelger (1988) list some of the desirable hydrodynamis characlerstics and the
dasign issues requiring attention to promole these characterstice i Table 8.1

Like all environmental engineering systems, the processes underying the role of wetlands in
widiar polition contrel afe mulbi-disciplinary imvolving biclogical and ecological sciences,
aquatic chemistry, enginesring hydrology and fiow hydraulics Expert inputs are required
in the design of stormwater wotlands and this chapter marely serves to provide broad
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outline of design issues assoclated with the design of ponds and weilands for

stormwater pollution control.
Tabile 3.1
Desired Wetland Hydrodynamic Characieristics and Design Elemeants
._E' Charncterisics Dli_l;ll-.- _ I Rem=mrks
Urnifirm distribution of fow Wellamd shape, indet and vutlel Poar Oow pattern wizhin a wetland
velocity pleczment and mxphological will load to mumes of siagrami pocds
dewipn af wetland i climinate which promotes the accumulation
shori-circalt fMow paths and “dead | of liner, odl and scum as well as
zones”. | potentizlly pappomisg mosquans
breedimg, Short cirenirt Mow palk
of high velocites will lesd 1o ibe
watlamd bemp ineffoctive in wator
guality Improvement.
Inundatice depth, wethess gradient, | Sebection of wetland size and Regular flow tBroughpat m the
base flow and bydrologic regime ilesign of patlet control o ensane wetland would promote flushing of
wompatibility with the hydrology the system Hsus modraming o
ard sz of the catchment draining | dynamic system and aveiding
inre the wetlamd problems amocrated with stagrss
waler, eg. algal blooms, mosgaito
breedang. oil and scum
socEmulnbion etc
Morphological and outies contral [nodegueme smtention to the
dezipn in missch boinmical [y inuenidatinn depeh, wetness gradisim
desagn and the hydrodogy of the of the wetland and the Fequency of
weiland. ’ inendation et various depth renge
wauld kad to dominance of cenain
plant species especinlly waed
species over time, whick resulks in o
deviation fromn the mbended
botandeal layoul of the wetland.
Recent research findings have
drying of the substracs of the
wetland can prevent relesses of
phospiorus from the sediment
deposited in the wetland.
Unidormn vertezal welocicy profike Seiection of plant species and Pretiniinary rescarch findings have
locstioe of inlel and outler indicated shat certam plant species
structures s promote whiform have a tendency 40 promole
veloeity profile wirntifestion of Mlew conditiong
within & wetlind lsading o
inedfective waler palbation comtrol
and incroase the potertial for algal
hlonm.
Scotr protectiun Diesign af imlet straciures and Oiwing to the highly dynamic natsre
erodinn profectiom of banks of stormwsier inflow, measures are
e e ken 1o “protect™ the weiland
from evoskon durimg periods of high
inllow rates




9.2 TREATMENT PROCESSES IN CONSTRUCTED STORMWATER WETLANDS
9.21 General
MNutrients and other contaminants such as trace metals, BOD and COD are transperied in

either particulate, colloidal or soluble form  The principal mechanisms by which the various
forms of nutrients are removed from the stormwater in wetlands are:-

. sedimentation,
» filtration; and
- chemical and biological adsorption

Of the above three primary processes, sedimentation and filtration are physical processes
and would dominate during storm events while a combination of these and biclogical and
chemical uptake mechanism associated with the adsorption process will occur during dry
periods in between storm events.

85.2.2 Sedimentation

The process of sedimentation removes the heavier sediments from the water column,
Watland and wel delention basin dimensions would be such that flow velocities would
provide sufficient detention time for the particles to settle to the bottom of the wetland. The
specification of the wetland area (A) may be based on the expression by Fair and Geyer
{1954) for wastewaler sedimentation basin design.

1 ¥
g .[“ nQ/ A

—

where R = fraction of initial salids removed
Vg = sattling velocity of particles
Qma = rate of applied flow divided by the surface
area of the basin or wetland
n = turbulence or ghort-circuiting parameter

The above equaticn is strictly applicable for systems with no permanent pool, and may be

re-written as follows (Equation 8.2) to account for the effect of the permanent pool storage.
The permanent pool influences the flow velocity in the detention basin but not the required
detention period to allow he particle size lo settle below the invert of the outlal structure

& =1_[1+L_M} T

n Q-d
where d is the depth range of the extended storage
5, is the storage volume of the parmanent pool
B is the storage volume of the extended detention area

Field settling velocities are often significantly lower than laboratory-derived settling
velocities. I is often suggested that settling velocities of half the theoretical velocities of
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sediments should be adopted in sizing sedimentation basins.

seftling velocities of sediments

Table 9.2

Table 9.2 list the typical

Settling velocities under ideal conditions
(Maryland Department of Environment, 1987)

Classification of FParticle diameter (jum) Settling velocities {(mm/s)
Particle size range
Very coarsa sand 2000 200
Coarse sand 1000 100
Medium sand 500 53
Fine sand 250 26
Wery fime sand 125 1k
Coarse silt 62 23
Medium silt 31 0.66
Fine silt 16 0.18
Very fine silt 8 0.04
Clay 4 0.011

8.2.3 Filtration

Colloidal substances present in stormwater would take too long to settle and thieir treatment
invalves filtering them out of the stormwater
by flow through wetland wvegetation The
process of collodial agglomeration  and
adhesion to macrophytes was clearly
documented by field studies undertaken by
Liowd (1897) and provided strong evidence of
the enhance sedimentation and filtration
mechanisms facilitated by wetland
macrophytes and organic biomass in the
wetland system (see Figure 9.2). The
wetland depth and the density and type of
wvegetation are ey welland design
parameters affecting this treatment process.
The selection of the appropriate vegetation
species would depend on avallability and the
hydrologic regime (e.g.  waler level
fluctuation) of the welland. In general,
species with fine but dense stem structures
are desirable as they provide more efficient
"adhesion” sites for colloidal substance than
broad leaf vegetation

Fie il sizvd mimeml of
appros. 25 pm uttoched
o npprepnle

Larpe simple particls
wpprox. & pm long and
4 pm wide

Mhatom fragment T3 i
lomg amd 3K pun vide

aftached §o nggragae.

Mutrients in their soluble form are often
adsorbed by the sediment which involve both
chemical and biological processes
Nitrification followed by denitnfication are the
obvious mechanism for the removal of

Figurs 9.2 Electron Microscopa of an
Aggregate showing
agglomeration of Inorganic
Particies and Organic

Fragments



nitrogen. The sediment uptake of soluble phosphorus have been widely acknowledged as a
deminant mechaniam ifransforming soluble phosphorus info particulate phosghorus. It is
envisaged that the processes involved are a combination of chemical bonding, diffusion info
the intarstitial water and microbial activities (Chiam et al,, 1854),

Soluble phosphorus is the form of phosphorus most readily available for algal growth. The
process of sediment adsorplion can effectively transform the chemical structure of
phosphorus from one of being most bic-availabls for algal growth to one which ia chemically
bondad to the sadimant Seftling of thess nutrient bound Sediment is still nacessary to
prevant its transportation into the desper receiving waters (e.g resarvoirs or lakes) whare
anearcbic condiions may cause the release of phosphorus from the sadimeni. Tha
treatment of soluble nuirients is thus a two-stage process of adsorption snd precipitation
followed by sedimantation

53 COMPONENTS OF A CONSTRUCTED WETLAND SYSTEM
8531 Genarzl

A constructed welland system genarally comprises a combination of vegetaled arca and
open water. Ponds are open water body with fringing vegetabon and submerged
macrophytes while the vegelated or macrophytes zones (oftan referred to in most iteratures
as the wetland) often consis! of a shallow parmanent poc! with extensiva amargent
macrophytes. Thess hwo components have differont funclions and these are summarisad in
Table 9.3.

A combination of welland marphology, available storage, hydrologic and hydraulie controls,
and welland vegetation layoul determina the overall performance of the welland The
proportion area of open waler o macrophyies zones will vary depending on the nature of
tha Inflow, particularly the suspended sediment parfiche size dstribution. The storage
voluma of the wetland system is & key design parameter which, in combination with the
hydrologic control, defines the detention period of stormwalsr in the welland and the
percentage of overall stormwater volume treated by the wetland. Wetland marphology and
vagetation layout promoles the appropriate flow paftem within the wetiand such thal the
various treatment processes can be oplimised,

The layout of & wetland system will vary depending on the number of objectives served by
the weiland sysiam. If is generslly advisable to locate at least some par of the open water
zons upstream of the macrophyies zona, The location of an opan waler body upsiream of
the macrophytes zone is consistant with the dealred sequenca of treatmant provided by the
bwo zones as ouflined in Table 9.3. A typical cross section of 8 wetland system is shown In

Figure 9.3.

In most wban design, the opan water body forms an important urban feature and often
raguire some dagres of protection from stormwatar pollution. In such circumstances, the
macrophyts rone and a smaller opan waler inlet rore are placed upsiream of thess
walerbodies as shown In Figure 9.3, In tha case of tha Pulrsjaya project, the Putrajaya
Lake should be considered the waterbody requiring profection from pollution and thus doss
net atricily form part of the water quality treatment wetland systam.



Table 9.3
Functions of Open Water and

Macrophytes Zones

Open Water Zone/Pond

Macrophytes ZonefWetland

Seltlemen! of coarse matenals - the
retardation of flow in the pond area
facilitate the sedimentation of sclids
down to coarse and medium silt.

Traps adsorbed pollutants silt
particles trapped in the pond system
may also retain adsorbed pollutanis
such as trace metals and nutrients.

Provides hydrologic and hydraulic
managemeant = pond areas atltenuate
and distribute inflows o the
macrophyies zone within the weatland
system. Often, the open waler area
located upstream of the macrophyles
zone is used to divert large discharges
away from the macrophyles zone lo
prevent scouring and remaobilisalion of

seifled fined material in  the
macrophytes zone,

* Provision of open water for ullra violet
exposure as a means of water
disinfection

Traps pollutants associated with fine
suspended particles by enhance
sedimentation and filtration by the
vegetation (see Table 9.4),

Removal of dissolved pollutants by
chemical and biological adsorption,

Provides aquatic fauna zones — wetlands
pravide an area for predation by aguatic
fauna.

Provision of vegetated zones to facilitate
oxygenation of the substrata and
maintenance of a positive redox potential
in the sedimeant.

le—0pen Witer Zone  —» s——NMacropliyte Zoneg ———1+—

Outlet ___,
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Emergency
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Spillway

=7

g

=
]
-
]

ﬁh@dc:! Detention Storaee -

By-pass af

Permancnt

Fxtreme E"'“j:j' Siomoe Dutlet
h'“_\-h__—-—""
Figure 9.3 Functional Zones in Constructed Wetlands [not to scala)
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9.3.2 Open Water Zone/Pond Area

The open waler area serves as an inlet zone which serves to intercept incoming flow,
dissipate energy, reduce flow velocity and distribute it uniformly over the macrophytes zone
Large flows that would scour and remobilised seltled matenals in the macrophytes zone
would be diverted away at the Inlet zone. The protection of the macrophytes zones from
scour imposed by excessively high flow velocities is an important design consideration. If
topography constraints preclude the provision of a high flow by-pass, the open water zone
will need to be designed to stlenuate inflow to contain the maximum flow velocity in the
macrophyles zone to 2 mis for the 100 year ARl evenl, The biofilms atlached Io the
macrophytes will generally be lost under these conditions and some degree of remaobilisation
of seltled material will occur. The macrophytes will, however, provide a degree of armauring
to the sediment and thereby minimise the degree of sediment scouring

The zone also serves to caplure heavy sediment and protects vegetation in the siorage
zone of the constructed welland from being smothered. This s an important factor in
ensuring that maintenance of the wetland area is minimised and that the desilting will be
most frequent in the open water zone at approximately once every three to five years,
compared lo the expecled thirty to fifty
years in the welland area

The wuse af trash racks and gross poliutant
traps in this zone s common (o remove
litter and other gross solids.

9.3.3 Macrophytes Zone/Wetland Area

This zone 5 a shallow, relatively tranguil
part of the constructed wetland within
which particle seflling and adhesion lo
vegetation occurs. The zone can consist
of up to three compariments, e
permanent poal, extended detention
storage and flood attenuation storage.

The permanent pool is often made up
aguatic vegetalion area, sedimen! slorage
and open water and represents the
permanent habitat for aquatic organisms
The extended detention storage provides
the wolume reguired to extend the
detention time of smaller size storm evenls
while maintaimng sufficient discharge
capacity for larger storm events. The flood
attenuation zone is the storage between
the top of the extended detention storage
and the spillway level to provide flood
protection of downstream environmenits.

Macrophyles zone in Upper North
Wetland utilised to treal effluent
entering into the Putrajaya Lake
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9.3.4 Outlet Zone

The purpose of this zona (3 to controd (he water lavel in and rate of discharge from the
gonstrucied watland. In additon, tha outlel must provide a smooth transition of fiow from
ihe exi=nded csie=nbon storage, in parbcular keeping velocibes sufficently low so thal re
suspangion of seftied particles s avosded. Often, the oullet control also dsfines (he
hydrolegic regime of the constructad wetland, ie. the protabilistic distribution of water levels
and thus has an important influsnce on the vegetation layout of the watland

9.4 ROLE OF WETLAND VEGETATION 3
It iz wall documentasd thal webiand vegetalion provides 8 meadquum for filtration of water, with
the macrophytes providing a surface for adhesion of fine particles as shown In Figura 9.5
Apart from the obvious fillcation function, welland vegetation anhances stormwatar qualdy by
a number of olher physscal, chamical and biological processes (Green 1880). In reviewing
tha funchons of wetland vegatation in urban or rural stormwaler treatment, # is wsaful fo
consider the treatment functions under the two principal modes of operation owtlined by
Somes &t al (1996) of basaflow and eventilow as listed in Table 5.3

Figure 3.5  Wetland Macrophytes In Upper East Wetland In Putrajaya

Undar basefow comdiions e perods betwasn runoll avents), detantion firmnas ara & e
maximum and welland vegeiation is Involved in 3 range of physical, chemiead and olagles|
iregdmant processes as lisled in Table 94 LUnder eventliow condibons, the genesrally
shoder detention omes reduce the Eigr‘l‘ﬁl;al‘ll:l:l of biclogical and chamical procassss Tha
walland vegeiation performs he physacal funchions of disinbuling and retarding flows @no
lead 1o ncreassd Inflow contecl with plant sufacs arss These functions increase
sedimentation, surface adheslon and fillration of finar particles. As the magorty of pollutants
are {ranapori=a durlng gt events, (heos |‘.'I|'I:"5.'I-L'“-l| pro0EasEs arg smporiant in 1:"3-El|:l||'|[.|
Fh'_'lllu'.ﬂ.’llﬂ._ whiih can F:'.ntl!-Ei]uEl'Hlﬁr be consobdated or fransfarmes E":.' cheErmical and
bdlogical processes during e intervening basalow periods
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Table 9.4
Functions of Vegetation in Constructed Wetlands for Stormwater Control

During baseflow

During eventflow

Act as substrata for epiphytes (Epiphytes

convert soluble nutrients into particulate
biomass thal can setile oul and enter the

sediments - this is a short term process
ccourmng over daystoweeks)
Consglidate nutrients trapped In  the
sediments into macrophyte biomass (This

Promote even distribution of flows

Promote sedimentation of larger particles

"Provide surface area for adhesion of smaller

Particles

iz a medium-term process ocourmng over
months to years)

Return particulale biomass as macrophyle | Protect sediments from erasion
litter for storage in the sediments (This is a

lang term process ocourring over years to

decades resulting in the development of
nrganlc sedimeant and peats)

Increase system hydraulic roughness

8.5 WETLAND SYSTEM DESIGN ELEMENTS

951 General

The design of wetlands and wet detention basins for urban and agricullural runoff quality
control requires attention to a number of lssues. EPA-NSW (1997) lists 12 objectives which
are fundamental lo wetland design. These objectives are listed as follows:-

1. Location

2. Sizing

3. Pre-treatments

A, Maorphology

5. Qutlet structures

. Macrophytes planting
7. Maintenance

§. Loading of organic matter
. Public safety

Multiple uses
Groundwater interaction
Mosquito contral

Td

Weng and Somas (1996) listed three pnnciple components which need to be address when
desgning wetlands and the above twelve objectives and others may be grouped under the
three general headings of -

» hydrologic effectiveness,
= hydraulic efficiency, and
= facilitation and optimisation of water quality treatmant processes.

A systematic design procedure would address these three pnncipal components in the

above order on the basis that the first design objective would be to facilitate an optimal rate
of capture and detention of stormwater runoff by the wetland, ie. to optimise the hydrofogic
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effactiveness of the wetland The second design objective is to ensure that stormwater
inflow Into the wetland is well distributed throughout the wetland by proper definition of the
shape and depth of the wetland. Special flow diversion features using vegetation, wetland
maorphology design and other hydraulic measures may have to be considered in facilitating
the even distribution of flow throughout the wetland On providing the most appropriate
hydrodynamic conditions within the wetland (ie. from Design Objectives 1 & 2) the third
design objective is to introduce the necessary biological and chemical {in terms of sediment
type where appropriate) features to optimise “treatment” of the stormwater in the welland

The hydrologic effectiveness of the wetland s @ measure of the available capacity of the
wetland to capture and retain runoff for the prescribed period of detention and may be
expressed as a percentage of the long-term runoff subjected to this minimum period of
detention. Often the prescribed period of detention is dependent on the caichment and
pollutant characteristics and the required level of treatment efficiency (as discussed in
Section 9.52) Furthermore, stormwater inflows are unsteady and intermittent and
detention times are expecied to vary accordingly. It will be necessary fo consult ecologist
and relevant government authorities on the appropnate detention period for individual cases.
It should however be borne in mind that the issues of detention period, size of the wetland
and the hydrologic effectiveness are not mutually exclusive but are interdependent.
Defining two of these parameters will fix the third,

The hydraulic efficiency of the wetland is a measure of its ability to distribule the inflow
evenly across the wetland and is influenced by the shape of the wetland and its vegetation
layout. Inadequate provision of storage volume (low hydrologic effectiveness) and poor
hydraulic conditions leading to short-circuiting of flow path are the two mosl common causes
of unsatisfactory wetland performance.

As mentioned earlier, the treatment processes involve the combination of physical, chemical
and biological processes being promoted in the wetland through the prescribed detention
time, hydrodynamic conditions within the wetland and wetland vegetation The role of
vegetation for runoff treatment 18 uniquely different with their pnmary functions being one of
promoting sedimentation and facilitation filtration of fine colloidal particles in the inflow to the
wetland.

It is evident that the three design components of hydrologic effectiveness, hydraulic
efficiency and optimisation of treatment processes are inter-related and the design
procedure is, by necessily, iterative.

9.5.2 Current Wetland Design Guidelines

General

Design gudelines for constructed stormwater quality improvement wetlands and wet
detention basins are directed at determining the approprate dimensions and hydrologic
regime of the wetland to facilitate the treatment mechanisms described in the previous
section. Approaches adopted in current practice in the design of wetlands for stormwaler
treatment are varied and are found to be generally site specific. In mosl cases examined,
fundamental parameters related fo the site conditions such as the inherent hydrologic
variability of runoff and the characteristics of the pollutants are not explcilly considered thus
limiting the applcability of the design specification to other sites



Table 8.5 list some of the design guidelines for constructed wetlands recommended from
experiences in Australia and overseas. Most of the guidelines were for the specification of
wetland storage volume, surface area, depth, detention ime and length/width ratio. Most of
these parameters are infer-related and they can essentially be reduced lo representing the
lwo fundamental criteria of surface area (o facilitale the sedimentation process) and depth
{lo accommodate vegetation requirements). The combination of these two parameters
gives the storage volume which i1s often expressed in terms of delention time. Other design
considerations such as the inlet and outlet conditions and the length/width ratio are directed
at ensuring the proper operation of the wetland.

Depth

In most cases the range of depths are governed by the required growing conditions of the
local emergent macrophytes for the shallow zone and the submerged macrophytes in the
deep zone. All of the design guidelines listed in Table 8.5 recommend at least 25% of the
wetland lo be less than 1 m deep. The maximum depth recommended is 10 m (AGT Admin.
Int. Plan, Auth., 1990) and the minimum is 0.15 m (Livingston, 1988)

Surface Area, Storage Volume and Detention Tine

The specification of the surface area is partly related to the desired removal rate of the
sediment particle as expressed in Equation 81 or 82, The surface area, storage volume
and the detention time for a notional design inflow hydrograph are interrelated and thus
defining two of these parameters invariably fixes the third as expressad in Equation 9.3

where t, is the detention fime (s5)
A, is the surface area of the wetiand system (m’)
d., is the mean depth of the wetland system (m)
Q... Iisthe mean discharge of the design event (m’/s)

As described in Equation 9.2, the removal rate is dependent on the settliing velocity of the
sediment particle and the proportion of the storage thal form the permanent pool of the
wetland system. The settling velocity is in turm dependent on the sediment grading. In
addition to this, the removal rale as measured by R In Equation 81 or 9.2 is expecled (o
vary markedly from events lo events owing to the unsteady inflow (the term Q in the
equations) of stormwater. Recommendations for wetland surface area contained in Table
9.5 ranged from 0.5% to 5% of the calchmenl! area

The storage volume of the wetland defines the detention time of the system for a given
inflow rate. This parameter represents the combination of the nominated depth and surface
area of the wetland and does not introduce any new criteria to the design. The use of
storage volume or detention lime as a parameter is essentially a convenient preliminary
means of sizing the wetland. Ulimately the range of depth in the wetland is limited to
approximately 1.5 m to ensure sustainable macrophytes communities, which therefore fixes
the surface area of the wetland.
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Table 8.2
Current Design Guidalines for Constructed Wetlands

Livingston Livingstan Water & Rivers Acer Hosking & | Wulliman et al. SPCC (1988) ACT Admin. Int
{1988) (Maryland] | (1988) Commission WA | Obomn (1883) Plan. Auth.
_(Florida) (1936} {1952) (1980}
Depth 25% 0D5-1m Established fram Open Watar Zona
25% 0.1503m | existing wetland <-4m 1-1.5m Y min 25% < 1m D.751m
500 <0.15m walar levels Macrophyte fone rest<2m 10m max
=1im
Surface Area 3% of caichrment
area if the 1% of calchment 05% of 2-5% of
spacified area L caichment area catchment area
get=ntian lme
cannot ba
achieved
Storage Volume Sufficienl 1o slore | Sufficlent to store | 150-250 m*ha 12 7mm runoff
1 yr AR storm for | 18125 mm of {sandy from upstream 400-500 mIma
24 hre runaff catchment} 350- impanious ares
450 m3ha (clay
catchment)
Detention Time Detention of T days behween 12 hrs madian
24 hrs for Tyr AR | storage for 120 June and Avgust | 10 days for Tyr 36 brs lotal drain
siorm hrs, with no less AR tirna for storage
than G0 hrs for valurme
50% of the
storage
L:W Ratia Z1 231 31 >31 2-31
Vegetation Plantal 1 m Inlat Zona &
Dansity intervals with Macrophyla Zona
additional 40
clumps per acra
of each prmary
SpPECiES,




Some storage requirement recommendations are directed at trapping the "first flush” of
stormwater runoff, eg Livingston (1988) reported that the guidelne for Flonda is for the
wetland volume to have sufficient capacity to store the first 25 mm of runoff. Wulliman et al
(1989) suggested a storage volume of 12.7 mm of runoff from impervious areas. Other
recommendations for storage provision ranged from 24 hours to 10 days for the 1 year AR
evant.

Owing to the highly varable nslure of catchment runoff and associated pollutant
concentration, a continuous simulation approach should ideally be undertaken in selection
the appropriate storage volume for a wetland or sedimentation basin, This would involve
some form of storage behaviour analysis of the storage using historical or stochastically
generated sireamflows (Wong and Somes, 1986). The appropriate storage volume would
be selected on the basis of the long-term overall performance rather than a prescribed
performance for a given single evenl

It is evident that the poliutant detention period will vary according o the system hydrology
and the characteristics of the pollutograph in intermittently loaded wetlands. The probability
distribution of pollutant detention period can only be studied in detail using a continuous
simulation approach, In the absence of a continuous simulation procedure, an alternative
means of approximating the representative poliutant delention period needs to be
developed. Under unsteady inflow conditions, the inflow hydrograph is often significantly
attenuated in wetland with outlet hydraulics controlled by riser structures (le, vertical pipes
with orifices along the length of the pipe) and the ouiflow hydrograph is charactensed by a
long duration of near constant rate of outflow. The detention time (i.) is expressed as the
rafio of the storage volume (V) and the discharge (Q), ie

v
Gh"ﬁ-l. - - 94
ty
The detention penod, 1, can vary with discharge, the nature of this vanation being
dependent on the storage-discharge relationship of the basin,

There are currently a number of means with which the required detention time, or wetiand
area or storage volume can be determined. Section 8.6 oullines three such methods.

Wetland Geometry

Specification of proper wetland geometry (e g. the length/width ratio) by some practitioners
is aimed at reducing short circuiting and promoting optimal flow path. The range of
length/width ratios recommended is upwards from 21, In essence, pond geometry is not
the only option available to achieve optimal flow path. Inlet and outlet devices can be
designed to promote even distribution of stormwater and vegelation layout and basin
morphology are often much more important considerations (see Section 9.8). Excessively
high length/width ratios may result in re-suspension of sediment due to increased flow
velocities.

Vegetafion Density

Vegetation density is nol often mentioned in available guidefines but is an important
parameter that can influence the effectiveness of the filtralion process. What is
recommended is highly subjective. For instance, Livingston (1988) recommends planting
with a spacing of 1 m between Individual plants with additional forty clumps per acre of each
primary species lo be planted in areas conducive to growth throughoul the rest of the
shallow zone.
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The effectiveness of the filiration mechanism is dependent on the unifarm distnibution of the
water across the wetland. Sparse vegetation cover in the wetland would resull in zones of
high velocities between plants where both the filtration and sedimentation mechanisms
would be affected

9.6 PERFORMANCE OF WETLAND SYSTEM
9.6.1 Wetland Effectiveness
As indicated by Lloyd ef al. (1997), a common measure of wetland effectiveness in pollutant

removal is the percentage reduction in pollutant concentration or the pollutant Removal
Efficiency, %i. This is simply expressed as follows:-

cp—e
N =[ e
: v

% 100 - 2.5

where c.and ¢, are the inflow and outflow pollutant concentrations respectively

In the case of unsteady flow and poliutant inpul conditions, ¢, and c, are often computed as
fiow weighted mean concentrations. The use of 91as a measure of wetland effectiveness
masks the effects of a number of significant influences of the operating conditions of the
wetland system on its effectiveness as a water poliution control facility (Lioyd ef a, 1987),
These operating canditions include -

background pollutant concentration levels,

input concentration,

hydraulic loading, and

tha hydraulic residence time of the pollutant phase.

P L e —

Each of the above faclors are expected to influence the performance of a welland, as
measured by ‘W, in a non-linear manner The combined effects of these factors can often
account for the vast majority of the variance in ‘i values of a given wetland computed for
different events and for i values computed for different wetlands. In the case of different
W values carrespending o different events in a given wetland, simply deriving the average
these i values to determine the “mean pollutant removal effecliveness” wilhoul relating the
individual measures to the hydraulic loading of the corresponding events s totally
inappropriate, but |5 nevertheless commaon In practice,

Background poliutant levels are the concentration of the pollutants within the wetland during
basefiow conditions and are not attnbuted to calchment wash off processes dunng storm
events, Background pollutant concentration levels generally reflect the lowest concentration
of the pollutant that can be achieved by the welland. The calculated value of the pollutant
removal efficiency, ‘H. can be very sensitive to the relative difference belween the inflow
poilutant concentration and the background pollutant concentration. One common mistake
in the maonitaring of wetland systems is the lack of consideration given to background
pollutant concentration levels when computing poliutant efficiencies. For example, if the
inflow pollutant concentration is twice the background concentration, ignoring the
background concentration in computing i can be in efror by as much as 100%
Background concentrations are highly varied from one wetiand to another and often from
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one season (o anoiher for a given weltand N s therefore nod surprising 1o observe
significant scatier when comparing the computed values of 1 for different wetlands.

it m generally wed
established, particulary for
waslewater wetlands, (Ral
the removal efficency of
wellancls s @ nondinear
furction of the inflow
poliutant concentration
Duncan (1997} undertock a
slalistical overview of the
effectivenass of wrban
starmwatar treatment by vl
detenbon systems and found
suspanded solids removal to
be a power function of the
infiow concentration with the
B " - .- i | sxponent value of 06 This
THA bl gt finding is consislend with
Figure 8.8 TS5 removal efficiency as a hanction of results from  analysis o
Background Concentration and Inpat removal  efficencies of
Cancentration {Source: Kadlec and Knight, wastewater  wellands By
1896) Kadlec and Knight [1998) as

indicated n Figurs 9.6
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9.6.2 Regression of Wetlands and Ponds Performance Data

Duncan (1087) carmad oul regressaon analysis of data of welland and pond performances in
pollutant removal. A tedal of 88 Australlan and overseas (mainly Unied Stales ol Amernca)
studies of pollutant removal efficlencies of ponds and wetlands were oollected and
regressione analysis were carried oul (o redste the ralio of the outlow lo inflow evenl mean
event concentration of the pond/wsttand to the following fackars -

the wetland ares to catchmeant area ratio;

the inflow pollutant concaniration;

storage volume of the welland sysiem in relalson (o the catchment area,

mydraulic kading rate of the welland (éxpressed as the ratio of the estmated average
annual runoll volume and the surface area of the system), and

s fhe sverage annual hydraulic residence fime axpressed as the ratio of the pondiwetiand
volume and the eshmated annual runofl volume

The analyss found the correlation betweean the pollutant removal efficiency ang the
fydraulic loading rate to e consistently sirong for the thres polhdants of TSS, TP and TN
irveshigated The resullng regression between the iog of the hydraulic loading rate and the
log of the oulpul pollutant conceniration (expressed as & percenfage of the inflow
concendration} ane presented in Figura 9.7 In the case of TSS, the analysis found the inflow
concenrition to be statistically significant 0 ihe regression
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8.6.3 Hydraulic Residence Time Relationship

The ACT Planning Authenty (1998) presented empinical relationships relating the pollutant
removal efficiencies o residence time in sedimentation and macrophyles zones in ponds
and wetlands, These relationships are given in Table 2.3 below,

Table 9.3
Pollutant Removal Relationships used for the Canberra Region

......

Pollutant Sedimentation Regime Macrophytes Regime
Suspended R=1135+32%%0q (T) T=015 | R=16389+474%0g(T) | T <0.0064
Solids R=1152+252%0a(T} | 0.0084<T<0,156
Total R =859+ 38.0%y(T) T=<10 R =167 8+64.3"0g(T) | T <0.02
Phosphorus R =03.3 + 14.6%0g(T) 003<T<1D
E.coli R=103.3 + 8.91"og{T)

The hydraulic loading of a wetland is inter-related to the poliutant detention period or the
hydraulic residence time within the wetland. The pollutant hydraulic residence time should
not be confused with the time lag belween (he ceniroids of the inflow and outflow
hydregraphs. As shown by Fabian and Wong (1997), this time lag does not represent the
average delention pericd of the pollutant and the departure between the hydraulic residence
time of the water phase and the pollutant phase is most significant for wetlands with a
permanent pool under flow conditions where the volume of the inflow hydrograph i1s less
than the volume of the permanent pool

The Hydraulic Residence
4 Time (HRT) in a stormwater
treatment wetland vanes
significantly depanding
largely on the rainfall
characteristics (duration and
intensity), the available
storage capacity in the
wetland at the onset of a
rainfall event, and the draw
; down rate during the event
% e | (Wong and Somes, 1845).
Kadlec and Knighl {1996)
TG R e e e ey describe a  distribution

ustratiom 2 ro n ydraullc Hesifnence fun::tiun le I drauii::
Tans jHE T Bhartition residence tims, ra*fah:rﬂd fo
as the Retention Time Distribution Function (RTD) which is used to describe the dagree In
which the hydraulic residence time varies. Under plug flow conditions, the HRT is simply a
spike with a very small standard deviation about the mean residence time. For fully mixed
flows, the HRT takes the form of a exponential function. A natural system lies somewhere
in between these twa extremes and often lakes the form of a skewed probability distribution
as illustrated in Figure 8.8,

folean Detention Tine

Tmiprsrwisd
Hyebrouhie
Lificicncy:

ldenl Mg
Flow
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Figure 9.8
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9.6.4 Decay Rate Relationship

Welland treatmenl processes are highly complex and involve a combination of interacting
physical, chemical and biological mechanisms. Each of these mechanisms has differant
optimal operaling conditions and long-term outcomes from these processes (le. effluent
waler quality) in wastewater systems can be modelled with a two-parameter first order
decay function. This function expresses the rate at which pollutant concentration decreases
with distance aleng the welland as a linear function of the concentration (Kadlec and Knight,
1886). The model assumes steady and plug flow conditions and is lypically expressed as
fallows: -

dC
o {(sdedy - 0.6

]

where q hydraulic loading rate (m/y), defined as the ratio of the
inflow and the surface area of the system

fraction of distance from inlet o outlet

concentration of the water quality parameter

background concentration of the water guality parameter
areal rate constant (m/y) which is different for different water

guality constifugnts

0w mnn

Typical values of the areal rale constant and background concentrations for different water
guality paramaters derived by researchers have been collated and presented by Kadlec and
Knight (1996) and reproduced in Table 9.4, There is a lol of uncertainty in the values of the
two parameters k and C* listed in Table 94. This is a reflection of a combination of
intersystem wvarnability attributed to differences in wetland physical and ecological
charactenstics as well as catchment and pollutant characleristics  Furthermore, the
assumptions of plug flow and constant parameter value are also not strictly carrect. The
influence of such factors as wetland depth, shape of the wetland, Inlet and outlet locations,
vegetation type and density, soil type, level of mixing within the welland etc. can be
expacted lo contribute significantly to the vanability of the parameters evident in Table 9.4

In spite of the large variation in the parameter values of k and C*, empirical data of individual
wetlands on the spatial distribution of pollutant concentrations have tended to confirm the
applicability of the general form of equation 8.5. This would sugges! that the inadequacies
may not be related to the structure of the model but rather in the proper definition of its
parameters to reflect catchment and wetland characteristics. |t can be expecled that the
uncertainty of the parameters would be significantly reduced when focal data becomes
available for calibration of the model either through a pilot scheme or perfarmance
maonitaring during the early stages of the operation of the constructed wetland. Regional
design guidelines, which progressively incorporate local experiences on the performances of
wellands, can be developed on this basis

The k values listed in Table 894 are areal rale constants and inherently assume
independence of depth although the operating depth range of most typical wetlands s not
expecied to be large. Kadlec and Knight (1986) have adopted a notional mean depth of 0.3
m with & range of between 0.15 m and 0.45 m in their calculations of the hydraulic retention
time.

g-18



Takle 9.4
Rate Constants and Background Concentrations for Key Water Quality Parameters
{Ref. Kadlec & Knight, 1896)

Water Quality kimiy} € | Remarks

Parameter -

Totsl Suspended K= 1002 miy | Regrasects the seilling velocty of tne naricles in
So'ds & walsr colurrn. Errpinical gata givas tre rargs

cf k1o be betwesn 300 miy 1o 10000 miyr.
c"=5"+ The ralatoship for the backgroung concentration
0.18C, o® TES ig noarly dafined with an R*va ue of £.23
with “582 ceta paints
Averaos of data from 22 wellards at B systems
with & stancard ceviaticn 0¥ 22, Rargels
Cr=38+ bstwesn E5 1o 3.7
£.053C, The relalicnsnip “or the background concentration
of BOD has sn R2 of C.67 basad on 33 dats
points. (avg. = 3.2 for marsn; 1.8 fo- forested
watlamcs)
Teozal Phosphonis k=12 méy Basec on 20 emergen: marsh systemrs wiha
stancard deviaticn of 8.7,
C* =0.02 mgL  General lower limit
| Teta| Nitragen k=22 miy Basad on S8 watla~d syslams with ralas ranging
fremn .58 1o 6.
C* =80 mgiL GCeneral lower limit

Slochamcal Oxygan K= 34 may
Dernang

=

Stermwater wetiande ae suojact o & wide rangs of ~ydreu 'c bading anc sarve multpe
funclions. As s conssquerce, thair depth ramg2 fas tended io be wider thar wastewater
watlends. Sterrywweter watlands are slsc different in $heir coeraton rom slormwatar qualisy
canftral ponds in thet the deoth sange nescs to ba sufficlently wids 1o support a vansly of
watland vegetation types. Somes ei al, (1896), 'n Heir discussion in ‘ntegrati-g Fydrological
and beoienical design conscergions sxamines the suitanle dspih of inundaion ard
fraguency of weiling and drying necessary io suppert a diverse vegeistic~ characteristics
#ithin the weilang, Typical depi~ range examrined in that study was up 1o 1 m above the
parmansnt pacl level. Typically the depth of The permanent poal (s aporaximatsy 0.2 m and
gmulaliens by Somes e al {1888} for Malbcume conditicrs found water dapth ‘o be
belwsen © ard 0.6 m above the permanen: pocl for 80% of the time owing to the
siachasticiy of starmwater infow.

wvang anz Gaiger (1597) discussed possinle effects of ursteacy irtarmitent i-flows on the
parametess K and & as Tollows:-

Pollutants Affected by Physical Treatment Processes

Paollutants that are pre-dominently affected by sadimentation incudse TES and asscoigled
sttachac metas and chem'cal compounds. Ciscussicn below focuses meiny on TSS ot
may have rslevance 10 other polluzants that are similary affected by the secimentation
procasses (1 the weilanc.

Rate Constant k--. - Seltling Velocity

VWith sedimentaton orocessas being the domina~t reacharism for removal of TSS,
tma seilling valocily of suspe~dsd particles may be used as a meas.re 2 the rate
constant . The distribulon of paticle seliling ve ocities ‘s ralated o the grading,
shape and dens iy of the particles enfering iha wellang, Setiing velccitizs rreasures
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in the laboratory can only be an indicator of the order of magniude of the parameter
k for TSS. Other faclors such as resuspension due to non-ideal flow conditions can
be expected to significantly reduce the effective seftling velocities. \Wetland
vegetation can have the effect of increasing the magnitude of the rate constant k as
demonstrated by Lioyd (1997).

As indicated in Table 8.3, the range of k values is between 1000 m/y and 10000 m/fy
and they correspond to particle sizes (dlameter) of between 7 pum to 20 um. This
size range is typical of the material in the silt fraclion, and is appropnate for use in
stormwater wetlands.

The following are some brigf comments on the likely positive and negative effects on
the rate constant as a result of unsteady intermittent inflows:-

« Experience wilh some data gathered from research projects undertaken by the
authers has indicated thal the cyclic filling and draining of the welland can
facilitate the adhesion of fine particles on vegetation surfaces leading to a higher
Kyeg value.

= Tracer studies as well as two dimensional hydredynamic modeling by varnous
researchars have found the flow hydrodynamics within the welland during its
filing and draining stages to be grossly two (or even three) dimensional The
flow of water through densely vegetated sections of the welland dunng these
phases s envisaged to have a posilive effect on trapping suspended solids
leading to a higher k. value than applicable for steady flow systems.

= The vegetation cover reduces the potential for solid resuspension, Data from
studies of TSS reduction in ponds and wellands in Canberra, Australia (ACT
Administration Interim Planning Authority, 1890) have shown thal a 20%
increase in TS5 remaoval can be gained by the introduction of macrophytes in a
wet detention system

« The unsteady inflow conditions prevalent in stormwater wetlands would lead to a
higher tendency for fine solids to be resuspended in these systems leading o a
lower kg value than applicable to sleady flow systems. Solid resuspension is
expected lo have the highest tendency near the inlet where the inflows have not
been subjected to the full effect of storage attenuation. However, proper design
of inlet structures as well as vegelation layoul can significantly mitigate this
condition.

In the interim, it is suggested that the appropriate value of k.. in stormwater wetland
be based on the settling velocity of the 50 percentie sediment grade with
adjustments for increased effectiveness for wetlands with high vegetation density to
reflect the experience from the Canberra study. This adjustment may be by
multiplying Kyzs by 1.2 if more than 50% of the wetland area Is vegetated with a
sliding scale to 1.0 for vegetation density between 50% and zero

Background Concentration C*q.

Background concentration of TSS for a gwen wetland is a reflection of the
charactenstics of the substrata of the system and the characteristics of suspended
solids generated from the catchment, A single measure using the inflow TSS
concentration is insufficient lo relale the influence of hydraulic |oading, particle size
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distribution, substrata conditions, biota growth etc on the background TS5
concentration. The hydraulic loading and the size grading of the deposited sediment
is envisaged to have a direct nfluence on the amount of solids which can be
resuspended and kept in suspension in the water column., The dry period between
events also have an infiuence on the structure of settled paricle as well as the
development of organic salids.

It 1s envisaged thal background concentrations of TSS will be related to outflow rate
as flow velocities within the wetland is considered to be the primary source of energy
in the resuspension and maintenance af suspended particles in the water colummn. It
is possible for the relationship between background concentration and flow rate o be
derived from the field by regular monitoring of effluent concentrations during low flow
conditions. Furthermore, it is possible to conduct simple experiments invalving the
filling of a wetland (by closure of the outlet structure) and letting the water remain in
the wetland for some extended panod of ime. The wetland is then allowed (o drain
and TS5 concentration determined al a range of outfiow rates, These experiments
could be carried out for different antecedent conditions related to the duration of the
dry period following the last event to account for the effect of this duration on the
structure of settled particles and algal growth in the unvegetated areas.

Pollutants Affected by Biological Treatment Processes

A category of pollutants that are influenced by a combination of physical, chemical and
biological processes include such pollutants as BOD, COD, TN, TKN, NH,-N and PQ,. The
degree al which one type of process dominates the overall treatment 1s dependent on
various factors related lo the characteristics of the pollutant, the chemical and biological
slate of the wetland etc. It is unlikely thal one form of treatment process will completely
dominate the systermn. Discussion below is mainly directed to BOD but may have similar
relavance ta other pallulants in this category.

Rate Constant kyep

There is little known about how ky, can be affected by unsteady intermiltent inflows
o the wetland. Intuitively, kg for stormwater wetlands ought to be higher than
corresponding values in wastewater wetlands for a number of plausible reasons:-

|. a higher proportion of BOD in particulate form compared to soluble BOD is
expected in stormwaler runoff and thus a significant amount of BOD reduction
may be associated with TSS reduction;

|. the opportunities for the ecosystem to recovery following a period of high BOD
loading dunng the inter-event periods;

|. the unsteady hydrodynamic within the wetland would have a higher DO
reaeration palential thus able to satisfy BOD more rapidly.

Background Concentration C*;,

Regression analysis of background BOD concentrations by Kadlec and Knight
{1996) found a correlation of this parameter with the influent BOD concentration in
waslewater wetlands. It is envisaged that inlermittent inflow conditions In stormwater
wetlands could diminish the dependence of influent BOD concentration and that the
background concentration of stormwater wellands would more reflect the wetland
characterislics including its vegetation type(s) and density, and soil type. Kadlec and
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Knight (1996) found mean background BOD concentration in marshes to be
approximately § mg/L and data from a limited number of forested wetlands found
significantly lower background BOD concentration. I 8 envisaged that the
bacxkground BOD concentration in stormwater wetlands could be lower than that
observad for marshes.,

a.7 HYDROLOGIC EFFECTIVENESS
8.71 General

Hydrologic effectiveness of a stormwater detention systems (including constructed
wetlands) is a measures first used by Wong and Somes (1995) in quantifying the effects of
the interaction between the (i) volume of the detention system; {ii) the hydraulic capacity of
the outlet structure of the system: and (i} the variability of runcif inflow to the system. The
use of hydrologic effectiveness as a performance measure (or design criterion) by Wong
and Somes (1895) stems from an appreciation that stormwater detention systems are highly
dynamic in its hydrological character. The system is subjected to intermittent inflows of
stormwater and associated pollutants frem surrounding catchments and sizing of detention
storages should be based on its long term performance rather than on its performance for a
given probabilistic event. As an example, under steady flow conditions, all water entering
the detention system will be provide the same period of detention, that defined by the ratio
of the effective volume of the system to the steady flow discharge. |n an intermittently load
system, inflows vary both in magnitude and temporal pattern and special considerations now
needs to be given to the effect of storage attenuation, prevention of unacceptably high flow
velocities within the wetland and varylng periods of detention. The concept of a constant
detention period doas not apply in stormwater systems

The effectivenass of stormwalter treatmenl by detention (whether by wetlands or detention
basins) is dependent on a number of factors but first and foremost is conditional on the
antecedent waler level in the detentiocn system as this influence the attenuation of flow
entering the wetland system. This conseguently influence the detention period of the
incoming stormwater and associated pollutants as well as the amount of runafl which will
need to be diveried away from the wetland to preveni scouring and remobilisalion of
deposiled particulates. The antecedent water leve! immediately prior to the occurrence of
stormwater inflows to the detention system is dependent on the available detention storage
volume, the emplying rate of the detention system and the period between storm events.

8.7.2 Detention Pariod

The hydrologic effectiveness curves are, in theory, strictly applicable to dry detention
systems where the detention periods of inflows are entirely influence by the combined effect
of the detention system storage-elevation characteristics and the hydraulic characteristics of
the outlet structure. The presence of a permanent poal storage In the detention system will
lead to an under-estimation of the likely performance of the detention system. This may be
gxplaned by examining the influence of the permanent pool storage on the pollutant
detention period

The pollutant detention time vanes in an intermittently loaded wetland and the long term
distribution of pollutant detention time s dependent on a number of factors. These include
the ralio of the volume of the inflow hydrograph, the shape of the poliutegraph in relation to
the inflow hydrograph, the storage volume of the permanent pool and the duration of the dry
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weather penod preceding the next storm event. Two general scenanos are possible and
they require a different approach towards compuling the mean pollutant detention period, ie

1. if the volumes of the typical inflow hydrographs are generally smaller than the permanent
poel volume, a significant portion of the inflow pollutants would be delained in the
permanent poal until the occurrence of the next event. Analysis of the sequence of
storm events using stochastic simulations will be necessary to computed the
combination of storm evenls and dry periods between events (Wong and Somes, 1995,
Somes and Wong, 1987). Under these circumstamces, the wetland system essentially
behaves as a pond and the hydrologic effectiveness curves are less relevant to design,

1. if the volume of the permanent pool is small in comparisan to the volumes of lypical
nflow hydrographs, the mean pollutant detention period may be computed by calculating
the time difference of the centroids of the inflow and outflow hydrographs, but with the
centroid of the outflow hydrograph adjusted for the welland permanent pool volume
deemed to have been discharged at the early stages of the outflow hydrograph, This
adjustment would have the effect of shifting the centroid of the outflow hydrograph
further away from the centroid of the inflow hydrograph. The influence of the inter-event
dry perod on the pollutant detention period 1= generally small and the hydrologic
effectiveness curve is most appropriate for design

9.7.3 Hydrologic Effectiveness Curves

Weong and Somes (1995) undertook continuous simulations of wetland hydrological
perfarmance and derived interaction charts for dry detention systems highhighting the inter-
relationship between three key parameters, ie

o fhe detention period,

« the volume of wetland storage available for detention; and

= the overall percentage of runoff (Hydrologic Effectiveness) which can be expected to be
detained at or longer than the desired detention pericd under intermittent loading
conditions.

These three key parameters are interrelated in that for a given size constructed wetland, the
Hydrologic Effectiveness varies inversely with the detention period Figure 9.9 shows the
Hydrologic Effectiveness Curves of constructed wetlands derived from continuous
simulation with 100 years of rainfall dala recorded in Melbourne, Australia Effectiveness
curves shown in Figure 8.9 are unique to the Melbourne regian and will be different from
one region to anather owing to differences in the characteristics in their respective rainfall
intensity-frequency-duration relationships, seascnal rainfall distribution, rainfall durations
and inter-event dry periods. Wong et al, (1898) presented hydrologic effectiveness curves
far all major capital cities in Australia, as typically shown in Figure 9.10 for the 72 hour
detention period, to facilitate stormwater wetland design. A similar series of simulations may
be carred out for Malaysian conditions using continuous rainfall records, As a guide, the
monthly statistics of rainfall conditions for the Australian and New Zealand capital cities are
listed in Tables 9.510 9.7.

From consideration of the likely seasonal effect on rainfall patterns in Malaysian condition, it
is recommended that the hydrologic effectiveness curves for the city of Brisbane is most
suiled for use in the Pulrajaya project in the absence of any other information, Figure 9.11
shows the hydrologic effectiveness curves recommended for use in Malaysian catchments
in the interim.
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Flgure 8.9 Hydrologic Effectiveness of Wetlands in Melbourne (ref. Wong & Somes, 1386
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f cesigrn curves regicralsalion ware 1o b based on me degres of vanabity of raifall
craracienslics over (ha year, he Avcilans reglon wolld o2 grouped wie Hobart and
Ktestcurne, Gut Loio thase oles ware fol~d o vec ~ghar hyomolzge effectiveness for a
given wetans srea. " he ‘s dus o the gigrficanty nigher annug rainfall in Auskand
coToared to these two c'iles. This Fighlahes st ootantsl oroblew with cument guidslizes
or wetiand area {as W of calchrrent 2rea) o2s2d on cverseas cala which are used dirsclly
tor loza. scoditions wihell acUstrtesls of Wan ac stmeanis afa Tace oy for ciffeences
int~& mear arnual rainfa .

9.7.4 Selection of Probabilistic Design Event

A5 there is nc nydrologic effectiveness curves cefivec for Maaysian calchmeri en
aftarnative iz the Lsa of the Br scane cu-vas suggested in ine prev ous seclion iz (e des'gn
af sto'mwater welands - Valaysia casec on a prooastiliste evar:. The salectior of e 1
¥88" AR evar! sppears to oe the most comronlv acapted procabilistic event ovsrseas and
is recammendsc. Th2 recamranges sionr curaton to comeute the muncif velume 's 24
hours,
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9.8 HYDRAULIC EFFICIENCY AND OPTIMISING TREATMENT PROCESSES

8.8.1 General

Optimisation of treatment processes involves inputs from ecologist, aquatic chemist,
hydrologist and hydraulic engineers. There is a significant amount of on-going research
aimed at developing definitive guidelines (such as that currently available for hydrologic
effectiveness of constructed wetlands). This section of the guideline document highlights
the range of issues requiring consideration to promote hydraulic efficiency and facilitate

optimal stormwater treatment processes.

Hydraulic efficiency involves the proper control of flow patterns within the constructed
wetland such that flow is uniformly distributed throughout the constructed wetland and thus

providing optimal treatment of the inflow.
9.8.2 Control of Flow Distribution

In natural wetlands, vegstation structure can be related 1o functional processes associated
with energy dissipation, flow distribution, sedimentation and filtration. In order to maximise
wetland treatment performance in runoff control systems it is necessary to create in these
systems the vegetation zones associated with the desired functions, The plants in these
zones need to have sultable morphologies in order to enhance the physical processes as
well as being ecologically adapted to tha water regime. Table 8.8 summarises the
characteristics of five typical wetland zones that commonly occur in natural wetlands and
which can be incorporated into constructed wetland design. Under ideal conditions it would
be batter to arrange these wetland zones in series across the notional flow path as shown in
Figure 8.13. Topography frequently interferes, and therefore most systems need to be
individually designed to
accommodate the  particular
topography of the local drainage

system.

The purpose of the hydraulic
design 5 to create a well
vegelated flow path, with a high
diversity of plant surfaces to
enhance paricle sedimentation
and filtration, while optimising
detention time and minimising
Figure 9.13 Notional Layout of Vegetation Zones short-circuiting.
for Optimal Flow Distribution

9.8.3 Control of Detention Time

Many other designs are also used, the particular type dependent on location and
performance requirements (Goldman et al, 1886, Schusler, 1987). When water levels are
below the top of the riser the wetland is drained by the smaller orifices distnbuted along the
riser. \When the water levels are above the top of the riser, water is also drained via the
larger glory hole orifice. The sizing and number of the orifices in the extended detention
storage depends on the retention time and drawdown characteristics desired for the
storage.
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Table 9.8
Wetland zones, species and functional processes (Somes et al., 1996)

(g Ephemeral Swamp

Typical Ecological Characteristica

Dominant species: eg. Eucalypius, Melaleuca, Poa, Juncus ;| Vegetation: 2m woodland overstorey, low-high
density open-closed canopy, ~0.5m low-high density grassiand-rushland groundcover
Typlical Physical Characieristics

Surface area ; volume ratfo. high (when mundated), Water depth: —0.1-0.2m; Natural water rogima:
ephemeral (mostly dry, accasional imegular inundation cycle)

Potential Treatmant Processes and Mechanisms

Solids removal sedimentation and filtration (particularly of fine paricles); Minsralisation: microbial growth,
enhanced by welting and drying; Nutrdent uptake and fransformation: nnm:vhhik and macroplyle growth;

mw:mmnﬂ

Shallow Marsh

Typical Ecological Characteristics

Dominant species: eg. Eleochans acuta (Common Spike-rush) ; Vegetation: 0.3-0.7m, low-madium danaity
open canopy, typically supports epiphytic algas on submergad culms

Typical Physical Characteristics

Surface area : volume ratio. high; Water depth; -0.1-0.2m; Naiural water regime. aphamaral (regular
seasonal dry cycle)

Palential Treatment Processes and Mochanisms

Awration: surface sxchange and epiphytic photosynthesis; Solids removat filtration (surface adhesion);
Mineralisation: microbial growth, enhanced by wetting and drying; Nutrient uptake and transformation.
microbial, epiphyle and macrophyte growih; Hum:mg' sediment adsompiian

Tjrpln:l Enulngir.:l Characterstics

Dominant specles: eg. Bolbaschosnus medianus (Marsh Club-rush) | Viegetation: 0 5-1.5m high, high density
closed canopy, high litter producticn

Typical Physical Characteristics

Surface area : volume ratio ;medium-high, Water depth: =0.3m; Natural water regime. ephaméaral
{occasionak-regular dry oycle)

Potential Treatment Processes and Mechaniams

Saolids removal: sadimentation and fitration, Mineralisation: microbial growth; Nutrient uptake and
transformation: micmobal and macrophyte grovth; Nutrient sforage: sedimen! adsorption and litter

accumisdation

L Deep Marsh
Typical Ecological Characteristics
Dominant species. ef. Schoenoplecius validus (River Club-rush) | Vegetation: 1-2m, medium-dense sem:-
closed canopy, supporting some apiphytic algas, moderate litter production
Typleal Physical Characteristics
Surface arsa : valome ratio madilim, Watar depth: <0.4-0.6m; Natural water regime: parmanant (oocasional
irragular dry cycla)
Potential Treatment Processes and Mechanisms
Solids removal: sedimentation and filtration; Mineralisation: microbial growth, Mutrionf uptake and
transformation: mictobial, epiphyle and macrophyte growth; Nutrient storage: sediment adsorption and lifter
accumulaticn

Open Water

Typical Ecological Characteristics

Dominant specios; algas (or submaerged macrophytes in low nuirent conditions) | Vegetation: phytoplaniton
growth resulting in secondary sofids production, (macrophyte growth inhibiting mixing and removing solids by
sedimentation and fillration)

Typical Physical Characteristics

Surface area : volume ratio: low, Water deptly 1m; Natural water regime: parmanent, generally well mixed
but may stratify during sfill conditions, particularly in the warmaer months

Potential Treatment Processes and Machaniams

Solids removal sadimantation (and filtration); Aeration; wind mixing, sigal photosynihesis; Stedlisation LY
exposure; Nutrient uptake and transformation: phyloptankton and submarged macrophyte growth, Nutrient
slorage: sediment sdsarplion and accumdulation
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Typically, under a single orifice outlet, the discharge condition is that of weir flow mitially until
the depth of inundation exceeds the soffit level of the orifice at which point flow condition is
that of orifice flow. The form of the slorage-discharge relationship is non-linear and thus the
detention period-discharge relationship can also be expected to be non-linear Generally
this is an undesirable form of the detention period-discharge relalionship as the detention
period during low discharges are often low owing to the more efficient discharge
charactenstics at low levels of inundation. Riser outlets involve a number of small orifices
and experlence with riser discharge charactenstics indicates that near constant detention
penod for the full depth range of the wetland (ie. a near constant ratio of starage volume to
discharge) can be readily established by appropriate placement of arfices along the nser.

984 Permanent Pool

The extent in which the permanent pool accounts for the detention storage of the wetland
storage has a significant influence on the performance of the weiland system. It is well
established that systems with a higher amount of ts slorage being in the permanent pool will
provide a longer pollutant detention period The detention period being a function of the
inflow rate, the inflow volume and the period between storm events. There are however a
number of disadvantages |n maintaining a high proportion of the detention storage as the
permanent pool. As fllustrated in Figure 8.14, increasing the perceniage of the storage
associated with the permanent pool will lead to decreasing atlenuation capability of the
detention storage as well as decreasing vegetalion density in the system.  With a high
percentage of the storage as permanent pool, the wetland system essentially becomes a
pond with fringing vegetation.

Flow pattermns in a system with
a large permanent pool system
have also been found to be
generally less efficient with a
highly likelihood of shori-circuit
flow paths, The resulting HRT
distribution function of a pond
system often exhibit a lower
kurtosis compared to the HRT
distribution of a macrphytes
zone. This was illustrated by
Walker (1998) as shown in

High

L ¢ Figures .15 and 9.16. The two
e Permanent Poal Volome o %o of Total Volame 10K Iigglljres show the flow pattern in
Figure 9.14 Effect of the permaneant pool siorage on a wetland during its Tilling stage
flow attenuation and vegetation density and when fulll The wetland

outlet hydraulics are controlled
by & weir structure such that at the filling stage, the inflow was distributed to all areas within
the wetland, YWhen full, Walker found that a dominant flow path exist {(as shown In Figure
9.16) which is expected to significantly reduce the pollutant detention period
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9.8.5 Control of Hydrologic Regime

In relation to the botanical design of the wetland, the probabilistic distribution of water levels
influences the sustainability and pesitioning of different species of plants within wetland
vegetation The probabilistic distribution of water levels is referred to as the hydrologic
regime. The interaction between hydrological and botanical issues in designing a
constructed wetland for stormwater management needs lo be clearly appreciated by
designers to ensure a ecologically sustainable wetland system

The composition and distribution of wetland vegetalion is essentially controlled by the
wetland morphology and system hydrology. The hydraulic characteristics of the inlet and
outlel structures define the range of water depths in the wetland Water depth is a
fundamental factor controlling the distribution of aguatic plants, In comectly designed
wetlands vegetation is positioned lo maximise treatment processes by taking advantage of
the physical charactenstics of the plants to control flow and stahilise bottom sediments.
Plants have intrinsic preference to grow in conditions ranging from parmanently wet to highly
ephemeral (Somes et al, 1995). The locations within a wetland that are best suited to
specific wetland plants is deiermined by the hydrologic regime.  Individual species differ in
their ability to grow in wet conditions, often resulting in a zonation of species along wetness
gradients (see Table 9.8).

VWeirs are not considered to be suitable as the primary control of the hydrologic regime of
wetlands due to its inability to promote a wide range of water level fluctuation in the wetland.
Orifice outlets can also lead to poor probabilistic distribution of water levels and
consequently may not suitable for sustaining a wide variely of welland vegetation. This is
demonstrated by Somes et al. (1996) in a case study of the hydrologic regime for a typical
constructed wetland in Melbourne controlled by an orifice outlet. Figure 9.17 presents the
result of that study and clearly shows that there is a significant period of time in which water
depth In the constructed wetland is between 0 and 0.2 m. This indicates thatl the system is
highly ephemeral. This hydrologic regime will result in low vegetation diversity with deep
marsh species occurring below 0.2 m and ephemeral swamp specles above. The
sharpness of the boundary between vegetation zones is essentially determined by the slopa
of the weiness gradient. Vegetation on steep slopes with good drainage will develop distinct
boundaries.
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Figure 8.17 Hydrologic Regime of Constructed Wetland with Riser Outlet Control

It is evident that for a given detention period, increasing the wetland size would increase its
hydrologic effectiveness but the consequence of this is a commesponding decrease in the
even probabilistic distribution of water levels. Similarly, for a given size wetland, a reduction
of the wetland's minimum detantion period would have the same effect. This may have
impartant implications in sustaining the desired diversity in wetland habitats. For example, a
draw down period of 72 hours would provide 93% hydrologic effectiveness (see Figure 8.9)
if the wetland volume equals approximately 3% of the average annual runoff volume. Table
8.9 lists the frequency at which water depth in the constructed wetland falls within specified
depth range expressed as percentage of the full depth of the wetland.

Tahle 9.9
Probabilistic Distribution of Water Depth
(Typical Constructed Weatland in Melbourne; Volume = 3% of Mean Annual Runoff)

Depth Range Prescribad Detention Period
(% of Full 24 hours | 48 hours 72 hours 120 hours | 240 hours
Depth)}
0% - 20% 95% 88% B1% 70% 49%
20% - 40% 2.3% 4. 4% 5.9% 7.4% 8.2%
40% - 60% 1.3% 3.1% 5.0% 7.4% 9.4%
60% - B0% 0.77% 2.4% 4.0% 7.2% 12%
B80% - 100% 0.38% 1.4% 2.9% 6.5% 17%
Spill 0.25% 0.7% 1.2% 1.5% 4.4%

As evident from Table 8.9, water depth was found to be below 20% of the full depth for 81%
of the time for a 72 hours prescribed detention period. It may be more appropriate lo adopt
a longer prescribed detention period in an attempt to achieve a higher frequency of water
depth above 20% of the full depth and compromise for a lower hydrologic effectiveness. If
the outlet were to be designed to draw down the wetland over 120 hours, its hydrologic
effectiveness would reduce from 83% to 85% (Figure 8.8). This would in-tum reduce the
periods at which the wetland would be below 20% of its full depth from 81% to 70% resulting
in a more "hydrologically balanced" system, For a 240 hours prescribed detention period,
the corresponding hydrologic effectiveness is 70% and the period of time water depth is
below 20% of full depth is 49%.
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The possible use of a combination of a siphon and glory hole spillway in wetland drainage
was investigated by Somes and Wong (1996} This system of cutlet control was found to be
of some advantage as they operate only once the siphon has been primed, allowing several
smaller events lo be detained for extended periods as the water level nses. Once initiated
they operale at near constant discharge until air entrainment occurs. Figures 9,18 and 9.19
show the improved hydrologic regimes due to the used of a combined siphon and glory hole
spillway system

Compared to the orifice outlel described in Figure 9.17, the hydrologic regime for a system
with a siphon outlet placed at 0.4 m (Figure 9.18) shows an increase in the frequency of
mnundation at water depths in the 0.2 m to 0.4 m range from 6% to 28%, As a result shallow
marsh type vegetation could be expected to develop in this zone. While this outlet option
has increased vegetation diversity much of the basin remains either wel or dry for much of
the time. A further improvement to the hydrologic regime is evident from Figure 9,19 for the
case of a siphon outlet placed at 0.6 m.
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