CHAPTER 8

GROSS POLLUTANT AND SEDIMENT TRAPS

Robin Allison and David Pezzaniti

8.1 INTRODUCTION
LY Purpose of Chapter

This chapter provides a description of the types and
operating principles of gross potlutant traps (GPTs) and
sediment traps availabie in Austratia and suggests an approach
to their selection to help ensure successful operation.

812 Scope of Chapter

Previous chapters in Australian Runoff Quality describe
poilutants carried in urban stormwater, methods to minimise
poilutant export through clever urban designs and setting
poilutant discharge criteria to protect downstreamn water
bodics. This chapter is the first in a serics that focuses on
treatments that can be cmployed to capture and remove
potlutants carried by urban stormwater.

GPTs represent a significant public investment in the
capital cost of the device as well as ongoing cleaning and
maintenance costs. There are many styles and makes of GPTs
and sediment traps. The bread mode of operation, advantages
and limitation are discussed herc. The main focus of this
chapter is to outline important consideration when choosing a
GPT or sediment trap for a particular purpose and site.

The primary purpose of GPTs is to remove gross
pollutants {litter and debris greater than 5 mm) and coarse
sediments (these are further defined in Chapter 2). While most
GPTs capture both categories of potlutants, there are some that
target litter and debris exclusively and others that are designed
only for sediment removai. This chapter considers both
categorics ol GPTs collectively and then discusses the several
exceptions separately.

Few independent performance data arc available for most
types of GPTs. Proprietary information should be scrutinised
carefully. This chapter poses some questions to allow the
reader o specify a suitable type of GPT and select an
appropriate device from the many available.

813 Structure of Chapter

This chapter describes how to locate GPTs and sediment
traps and specify their performance to optimise pollutant
capture. It then provides an overview of different types of
devices and their operating principies used around Australia.

Litter accumulation in Merri Creek, Melbourne
(source: R, Allison).

Figure 8.1

The chapter then concludes with an approach to selecting a
GPT, highlighting important considerations to help cnsure the
systems will meet specified pollutant discharge objectives.

8.2 BACKGROUND

There are two broad approaches to stormwater
management: source control water sensitive- urban design
{WSUD), and traditional conveyance structural drainage.

Giross poltutant traps (GPTs) and sediment traps serve as
a component of traditional conveyance drainage networks.
They reduce quantities of litter, debris and coarse sediments
from discharging to receiving waters or o downstream
treatment measures (Figure 8.1). Often GPTs are instafled to
address specific problems in existing drainage networks and
must accommodate existing constraints.

GPTs were developed in the ACT to provide pre-
treatment for ponds and wetlands that were otherwise
smothered by coarse sediment and visually affected by litter
and debris. Early designs involved concrete basins with
vertical trash racks for debris retention. These were developed
for large catcluuents near outlets into lakes and wetlands.
GPTs then evolved to suit smaller catchments and can be
instalied further upstream and used to target high litter and
debris generation areas.

A WSUD approach to stormwatetr management reduces
the need to emptoy GPTs, because the connectivity of the
drainage system is reduced and larger contaminants are
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filtered from flows before reaching waterways. However,
GPTs often play an important role in WSUD as pre-treatiments
for measures such as wetlands and bioretention systems, by
removing coarse material and preventing downstream
measures from becoming overloaded.

The design of GPTs has evolved considerably since their
inception in Australia in the 1980s. Most current designs are
proprietary products and available off the shelf. The most
pressing issue for managers of stormwater systems is
specifying the requirements of a GPT and selecting an
appropriate GPT for a particular location from a wide range of
available products that employ various processes.

83 GPTS AS PART OF A TREATMENT
SYSTEM

GPTs or sediment traps can operate in isolation to protect
immediate downstream receiving waters or as part of a more
comprehensive treatment system. When acting in isolation
they are used primarily for acsthetic reasons, to protect
downstream waters [rom litter or to address specilic items
such as syringes.

In integrated treatment systems (or treatment trains), they
are the most upstream measure and are important to protect the
integrity of downstream treatments (such as wetlands) by
removing the coarsest fraction of contaminants,

A poorly performing GPT (due to poor design or
inadequate maintenance) can result in litter, debris and coarse
sediments smothering downstream treatments and impacting
on their operation (for example, smothering vegetation in a
macrophyte system). In addition, litter can detract from
attractive stormwater treatments such as wetlands and reflect
poorly on the overall treatinent system.

A poorly maintained GPT can hold gross pollutants for
some time, during which some types of GPTs can transform
collected contaminants into more bio-available forms. Small

transformed pollutants downstream, where they can be
detrimental, i some cases causing more prohlems than if a
GPT was not mstalled.

For these reasons the selection and maintenance of GPTs
are a critical components of an overall stormwater
management system.

The location of a GPT in a broader catchment stormwater
management system needs to be accounted for when setting
treatment objectives and sclecting an appropriate type of GPT.

84 LOCATING A GPT

When determining the location for a GPT its relevance to
other stormwater treatment measures in the catchment should
be considered. A location for a GPT or sediment trap should
be complementary to other treatmen: measures and be
consistent with the strategic catchment treatiment objectives. In
addition, other factors such as topography, available space and
proximity to pollutant source areas determine the best location
fora GPT and its catchment size.

There are two approaches for locating GPTs: an ‘outlet’
and a ‘distributed’ catchment approach. An outlet approach
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uses a single device to treat a whole catchment (up to 200 ha,
more in some cases). A distributed approach targets smaller
individual catchments with many traps — for example, placing
traps into cach entry pit in a drainage network.

There are advantages and limitations with both systems,
The trade-oft 1s between isolating catchiments with the highest
pollutant concentrations and minimising maintenance and
construction costs.

Anoutlet approach has the advantage of a single location
for maintenance and construction. This has advantages for
monitoring the required frequency for cleaning, monitoring the
trap’s performance and cost savings associated with
maintenance. However, if left too far downstrcam large
volumes of water may neced to be freated at a location
sometimes far from the pollutant source, often with poor
efficiency.

A distributed approach has the advantage of a number of
smaller and potentially different treatments installed
throughout a catchment. It enables poliutant sources to be
targeted cffectively and treat only water that is expected to
contain sufficient pollutants. In this way lower flow velocities
and volumes and high pollutant concentrations at these sites
lead to higher operating efficiencics.

A network of distributed traps can represent a significant
maintenance  burden.  Implementing a  cost-effective
maintenance regime can be difficult, because each trap usually
has different loading rates; some will be overburdened and
others will have loads that do not warrant cleaning,

An optimal catchment size is suggested to be between 10
and 100 ha for a GPT. Lloyd and Wong (2003} suggest that
catchment sizes smaller than [0 ha may incur a
disproportionately high maintenance cost and GPTs on very
large catchments are likely to have low trapping cfficiencies.
However, in some cases GPTs can be required for small
catchments (fess than 10 ha) that drain dircctly to adjoining
receiving waters.

S4.f Site constraints

The characteristics of a particular site can severely limit
the choice of treatment GPT suited to an area. Constraints fall
broadly into categories of physical and social.

Physical site constraints can make construction difficult
or impossible, and maintenance expensive, Factors to consider
include:

e topography: e.g. steep or mild slopes (in sites with steep
grades (>2%) GPT may not operate effectively, while on
mild slopes (<0.25%) headlosses can causc local flooding)

s soils and geology: e.g. depth to bedrock or instability {can
increase construction ¢osts)

s groundwater; ¢.g. geochemistry and water tahle depth

e space: limited open space, proximity to underground
services (e.g. gas, power)

e access: can make maintenance difficult and expensive,
particularly in arcas with beavy traffic,

Social constraints include issues of health and safety,
aesthetics and impacts on recreation facilities. Factors to
consider include:
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o odour problems: depends on the type of GPT and
surrounding land uses

e visual impacts: underground versus above-ground and
local landscaping

¢ safety concerns: resulting from unauthorised access to
structures or infection, poisoning or injury caused by
trapped pollutants

& vermin: e.g. mosquitoes, rats.

Many social issues can be addressed simply during the
design stage. This may involve development of occupational
heaith and safety procedures for operations and maintenance
staff, installation of warning signs, fencing around dangerous
arcas and consultation with affected stakeholders.

Each type of GPT will address these issues differently
and relevant issues should be considered for each installation.

8.5 SPECIFYING GPT PERFORMANCE

Specifying the objectives for a GPT or sediment trap is an
important step for ensuring that it operates as intended. The
specification should include details and consideration of tbe
following:

» freatment objectives
¢ design flows
+ flood capacity
s trapped polhstant storage
& maintenance requirements.
Each ofthese issues s described further below.

Of particular importance for specifying a GPT is the
mainlenance type, frequency and capacity of the purchaser to
conduct it. Maintenance is an ongoing requirement. A poorly
maintained GPT can contaminate downstream waterways.
This is the most common mode of failure.

8.5.1 Treatment objectives

The stormwater pollutant profile of a catchment arca is
determined largely by the area’s land use and stormwater
management measures (e.g. conveyance or WSUD). For
exampte, human-derived litter can be a problem in commercial
areas, whereas sediment runoff is often more prevalent in
developing urban arcas.

To isolate poilutants in any catchment, the designer needs
to examine receiving water degradation in light of the area’s
land use and current management practices {refer to Chapter 7
for deterniining water quality criteria). For GPTs these are
primarily:

* oross pollutants: litter and vegetation larger than 5 mm

s sediment: particles larger than 0.125 mm.

Treatment objectives may be more specific and
concerned with only one component of the pollutant toad, such
as syringes in coastal areas.

To objectively assess various GPTs, criteria need to be
developed that outline the aims of the GPT or sediment trap.
These can range from reducing:
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¢ one component of litter (c.g. floating visible litter, or
syringes)

s aproportion (e.g. 70%) of litter on a catchment wide scale

» a proportion {c.g. 70%) of litter and organic material, or

* just coarse scdiments.

For example, Melbourne Water usually has the objective
of reducing 70% of the litter load in a catchment, or capturing
litter greater than 20 mm with treatiment of all flows up Lo the
bin 3 month peak flow (Mectbourne Water 2002). These
objectives may vary depending on the beneficial uses and
threats to a receiving water body.

In addition, sediment removal rates can be specified. For
exanple, removing 90% of ail material greater than 0,125 mm
in size for up to a one year average recurrence interval would
be a typical requirement for a coarse sediment trap.

GPT removal rates

There are many optimistic claims by vendors on their
removal rates for litter and other constituents. it is
recommended to check any claims, ensure festing is
independent and refer to guidelines (e.g. Victorian Stormwater
Committee, 1999) for removal rate estimates when no other
data is available. References should also be sought from
previous installations or from performance assessment studics
(sce Section 8.7).

85.2 Operating design flows

The overall treatment effectiveness of a GPT is a function
of its pollutant removal rate for flows that pass through a trap
and the volume of runoff treated. A high flow bypass is
usualty adopted to protect GPTs from large flood flows that
coutd damage the device or scour and transpost previously
collected pollutants downstream. The maximum flow rate at
which a GPT is designed to operate cffectively is termed the
design flow.

Selecting a design flow rate is a trade-off between the
cost and space requirements of the device (a higher design
flow will usually requirc a larger facility with additional costs)
and the volume of water that could potentially bypass the
measure and avoid treatment. Chapter 7 discusses the selection
of appropriate trcatment flows for stormwater treatment
measures. Typically a three-month average recurrence interval
{ARI) is an appropriate design flow rate because it will result
in treatment of a significant portion of flow (i.c. >95% see
Figure 8.2) without the excessive cost of sizing a GPT for
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Figure 8.2 Treatment design flow plotted against percentage of
annual flow volume treated for Australian cities (afler
Wong ef al. 1999)
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targer peak flow rates (a reasonable estimation of a 3-month
flow is 50% of a [-year ARI peak flow rate).

853 Flood capacity

Every GPT should be designed with provision fora high-
flow bypass system. The bypass should protect the operational
integrity of the trap during floods, ensure no flooding is caused
by the trap in surrounding areas and prevent excessive scour of
collected pollutants in a trap. It is important that a hydraulic
analysis of the drainage systems incorporating a GPT is
performed. This analysis needs to include the headloss of the
GPT and diversion weir under flood conditions,

Typically GPTs will operate with a bypass system that is
designed to divert the treatment flows into a scparation
chamber. Flows higher than this are diverted over or around a
diversion weir (there are a few varjations of diversion weirs
including solid walls, perforated plates, staggered vanes and
flow-induced diversions — see Figures 8.3 and 8.4). Altemative
bypass techniques include a releasc mechanism for a net
system, triggered by increasing upstream flow levels (Figure
8.5). The design of a bypass system should be checked to
assess impacts on the local drainage system and consequences
on flooding

854 Trapped pollutant storage

Two main issues should be considered in relation to
storage of collected pollutants in a GPT:

e the nature of the collected pollutants (i.e. either free

T e
Figure 8.3 Solid diversion weir during construction of an
underground GPT — looking downstream. Coburg,
Victoria (source: R. Allison).

(source: A, Miller}

Figu

84

Victoria (source: J. Lewis).

draining or wet sump)

e the size of the collection and holding chamber (and
relationship with maintenance frequency).

Trapped poltutant containment

Holding trapped pollutants until removal is achieved by
containing poliutants in a wet sump (in baskets or chambers ~
Figurc 8.6) or by storing poilutants in baskets, nets or behind
screens that are free draining,

The continuous wet conditions in a pollutant containment
sump and possibly limited turn over, mixing or aeration can
lead to organic material decomposition, with depleted oxygen
levels crcating severe reducing conditions. Under these
conditions collected pollutants can be transformed from a
relatively innocuous state to highly bio-available forms that
are then released 1o downstream waters with any through flow
(trickle flows).

This can be addressed by providing downstream nutrient
reduction treatment (c.g. wetlands or bioretention systems) to
prevent the bio-available pollutants from impacting on
receiving waterways. The transformation and releasc of these
poliutants will occur mainly when there are low flows and
therefore the capacity of a downstream treatinent system
should be sufficient to cope with the loading rates from
leached pollutants.

When installing as a stand-alone GPT (i.e. without
downstream treatment measures) the impact on downstream

(source: R. Allison)




Pollutants retained in a free draining state. Adaaldc,
South Australia {source: A. Thomas)

Figure 8.7

waterways from release of potentially bio-availabie pollutants
from wet sumps should be considered. In some cases, it may
be the only oplion for a GPT. If so, low flow treatment
systems downstream should be considered.

Free draining GPT containment arcas do not have the
same issues of pollutant transformation in anacrobic
conditions {Figure 8.7). Howcever, they can have more visual
and odour issues assoctated with them. The merits of each
system need to be considered.

Polutant holding capacity

A GPT with insufficient size will fill and bypass too
frequently or require cleaning too frequently to be practical or
affordabie. A GPT that is sized to store pollutants for a tong
time witl be very iarge and therefore require significant extra
space and cost. Long storage times also increase the chance of
pollutants transforming into bio-availabie forms during
storage. Typically GPTs should be sized for cicaning between
4 and 12 times a year.

To estimate theesize of a required storage and
containment chamber, catchment gross pollutant foads can be
estimated, a required maintenance frequency selected and an
appropriate pollutant holding capacity can be determined.

Loads can be estimated using a simple decision support
system {(c.g. Allison e al. 1998a) that requires rainfall and

Table 8.1  Approximate litter and gross poliutant loading rates
for Melbourne (refer to Chapter 3, from Allison et

al. 1998a)
GROSS GROSS
LANDUSE TYPE} EITTER' LITTER' | POLLUTANTS' | POLLUTANTS
Yirlenze Mass? Yolume Muass®
(Litrefhalyear} ] (kysharyear) {Litrehafyear) (ke/haryear)
Canunercial 210 56 530 135
Residential 50 13 280 7
Light-industrial 100 25 150 3%

Litter is defined as anthropogenic materials farger (hen 3 mm.

! . . .
Mass is a wet mass, i.e. the mass expected when removed from a litter trap and

drained of excessive walcr.

¥ Gross pollutants contain vegetation as well as anthrepogenic litter (not sediments).
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land use information. Ifthere is no other data, the values in the
Tabie 8.1 could be adopted (based on Melbourne conditions
adapted from Alison ef al. 1998a). Note that litter and pross
pollutants (litter and vegetation) are listed. This is because the
holding capacity {and disposal costs) depends on the gross
pollutant load rather than just the litter component. No GPTs
can distinguish between litter and organic material. Therefore,
to remove litter they must collect debris in the same way.

Gross pollutant ioads should be used to estimate a
desirable cleaning frequency by dividing the estimated annual
loading rates by the required cleaning frequency.

855 Maintenance requirements

A poorly maintained ireatment measure may not only
perform badly, it may become a flood hazard or a source of
pollution itsclf. Maintenancc is the most commoniy
overlooked aspect of GPT selection, yet it 1s one of the most
important for gross pollutant reduction.

GPT operation and mainlchance requircments vary
widely. When assessing a treatment measure’s maintainability
and operability, the following issues should be considered:

e casc of maintenance and operation: the selected
treatment should be easy and safc to maintain and
operate

* access to the treatment site: consider the case of site
access, including road closures, when reviewing the
treatment’s maintenance requirements

¢ frequency of maintenance: cnsure that resources are
available to carry out maintenance at the required
frequency

¢ disposal: consider the disposal of any waste from the
treatment process.

The ease of maintenance relates to the systems and
equipment required to clean a GPT. Cleaning systems range
from manuai hauling of collected poliutants, vacuuming
coliceted pollutants (Figure 8.8), using a crane to retricve
collected pollutants from a basket or net (Figures 8.9 and 8.10)
or using large excavators with ‘clam shell retrievers’ (Figures
8.11 and 8.12) to remove pollutants from large GPTs.

Figure 8.8  GPTs arc conunonly located under roads in highly
urban catchments. Herc a GPT is cleancd with a large
vacuum system. Coburg, Victoria (source: R.

Alltson).
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operation. Here a truck-mounted crane removes nets
{source: wyvw.neticeh.conyy).

Fig

pollutantssind are removed by cranc. Coburg,
Victoria (source: R. Allison)

A type of cleaning system that suits a particular location

or servicing agency should be specified when tendering for

GPTs. Occupational health and safety issues should also be
covered, including avoiding human contact with collected
poltutants (for safety reasons) and for maximum lifting leads.

Of prime coneern for maintenance is the ease of access to
the site for cleaning. This is particularly relevant for inner city
sites that are constrained and may have traps located below
roads or other well-used areas. Access considerations should
be specified as a reguirement for tenderers and the costs of any
traffic management measures considered.

Acceptable maintenance frequencies should also be
specified for tenderers. This relates to the holding capacity of a
GPT as discusscd eartier.

Disposal costs should also be considered as part of a GPT
operation. These can be considerable depending on the
haulage distance and the classification of ¢collected material.

Figurc 8.11  Excavator mounted ‘clam shell” type cleaning
operation. Brighton, Victoria (source:
www cdstech.com.au)

Adelaide, South Australia (sou;c;:: A. ’]:laoﬁm's)

8.6 TYPES OF GPTs

There is a wide choice of GPTs available, with an
increasingly diverse range of treatment types used throughout
Australia. GPTs vary in size, cost and trapping performance by
otders of magnitude. GPTs are continucusly being developed
and modified as vendors research the operation of their traps
and respond to treatment requiremenis. There are no treatment
parameters that all GPTs follow.

New designs arc evolving rapidly. There is usually a
shortage of data relating to the trapping performance of the
newer mcthods, making trcatment comparisons difficult
(Wong et af. 1999).

This chapter describes the principles of operation for five
categories of GPTs and sedimeat traps. Product information is
available at several websites that are intended as ‘product
registers” for GPTs and can be updated as new products
emerge. Many local authorities have their own product lists
and these should be consulted. Reference is made to the
foliowing product register sites:
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o Stormwater Industry Association - Victorian Chapter -
www siavictoria.info/

¢  NSW EPA - www.cpansw.govau/siormwaterfusp/contiacthtm

s International Stormwater Best Management Practice
(BMP) database - www.bmpdatabase.org/

¢« US EPA - Urban Stormwater Best Management
Practices Study - www.epa.goviost/stormwater

The descriptions of GPTs and sediment traps are divided
into five operating lypes:

e drainage entrance treatments: grate entrance systems,
side entry pit traps and gully pit traps

s direct screening devices: litter collection baskets,
relcase nets, trash racks, return flow litter baskets, and
channel nets

¢ non-clogging screens: circular and downwardly inciined
SCIEens

¢ floating traps: flexible floating booms, floating debris
traps

» sediment traps: sediment settling basins and ponds,
circular settling tanks, hydrodynamic separators,

8.6.1 Drainage entrance freatments

Drainage entrance treatments involve preventing entry
into the stormwater drainage system, or capturing the
pollutants at drainage entrance points. This can be achicved by
restricting the stormwater entrance size, capturing pollutants as
stormwater falls into the drainage system, or retaining the
pollutants in the entrance pit.

Entrance treatmenis are usually located close to a
poflutant source, allowing the most potluied areas to be
targeted. Use of entrance treatments can also help reduce
downstrcam pipe blockages, which was their original intended
use.

Figure 8.13  Early designs of entrance traps used coarse mesh
piastic trays and were intended to prevent pipe
biockages. Heidelberg, Victoria {source: R. Allison)

Figure 8.14 Recent entrance traps used fine mesh bags to collect
finer matertal (source: wavw.ingalenviro.cam)

However, maintenance can inveive numerous locations
and the size of inlets can limit the capacity of traps, thus
requiring more frequent cleaning. Entrance treatments are free
draining as coliected pollutants are suspended above the base
of a drainage pit.

Early designs of entrance treatments used plastic or wire
mesh with relatively coarse pores (10-—50 mm) as shown in
Figure 8.13. More recent designs use fine mesh bags or nets
that can contain much finer material including gravels and
coarse sediments (Figure 8.14).

Maintenance invoives lifting an access lid and removing
cotlected pollutants manually or with a vacuum system (Figure
8.15). Cleaning times can be governed more from gaining
access to the many pits than the actual pollutant removat task,

While enlrance treatments can target specific high
pollutant generation areas, their size and accessibility is
governed by cxisting drain conditions. Often in low-lying
arcas the depth of drain entrances limit their applicability
because pits can be too shallow to provide sufficient pollutant
storage. Another issue for established urban arcas is the
presence of connections to the drainage network that do not
connect via street entrances. Examples include private
carparks, roof arcas and iflegal connections that discharge
directly into stormwater pipes and reccive no drainage
entrance ireatment. The extent of these entrances for a
particular drainage system are unknowrn, but they are likely to
be more common in ofder urban areas.

Figure 8.15  Lifting access lids can represent a significant cost to
maintaining entrance treatments. Sunshine, Vietoria
(source: R. Allison)
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8.6.2 Direct screening devices

Direct scteening traps retain gross solids by passing flow
through a grid, mesh, rack or net barrier assembly with flows
perpendicular to the screening surface. As pollutants build up
behind a barrier, smalier material than the pore sizes may also
be retained due to the reduced effective pore size. There are
various {rapping methods using baskets, prongs, racks or
perforated bags, and this category of GPT contains the most
products.

Direct screening devices are installed in drainage lines
{usually in pipes) with catchment areas iypically between 5
and 200 ha. However, much [arger catchments are sometimes
targeted, although usually with lower trapping efficiencies.
While most of the direct screening devices are installed ‘in
line” most arc located next to drainage pipes and have
treatment flows diverted into them via diversion weir
arrangements. Flow rates above treatment flows avertop the
diversion weirs and bypass treatment. This is a way to protect
coliccted pollutants from scour and the device from damage.
The configuration of diversion weirs can vary and includes
solid walls, slotted pipes, staggered vanes and diversions
forced by outflows from collection chambers. In cach case the
intention of the bypass system is the same.

Some direct screening traps are located completely within
channels (Figure 8.16). This is mainly because of space
limitations or the scale of the channels. Older designs located
within channels were prone to scouring of coltected pollutants
and subsequent transport downstrcam when overtopped
(Figure 8.17). Newer in-channcl designs have means of
retaining gross poliutants during flood events, typically with
nets, and are designed to withstand the forces associated with

Figurc 8.16¢  Channel nets located across a whole channe? in West
Torrens, South Australia (source: D. Pezzaniti)

overtopping. Broadmeadows, Victoria (source: R,
Allison).

floods.

Direct screening devices can be instalied above or below
ground and this typically determines whether pollutants are
retained in a wet sump (underground units) or free draining,
An advantage of underground systems i the ability to locate
them in highly developed urban areas with little or no visual
impact. Limitations with underground traps include the
potential fransformation of pollutants into niore bio-available
forms in wet sumps (as discussed carlier) and an ‘out-of-sight
out-of-mind’ mentality towards maintenance.

While above-ground sysicms have a larger visual impact,
this can be exploited and used to raise public awareness of
stormwater pollution and urban waterway protection. There
are obvious benefits for monitoring coliection rates, keeping
material in an acrobic state and simpiified cleaning procedures
for above-ground GPTs. However, consideration should be
given to health and safety issucs associated with exposed
systems that are easily accessible to the public.

Coarse sediments can be retained by many direct
screening devices, particularly below-ground installations,
Underground GPTs can act as a sump and collect bed load
scdiment as it is transported through the drainage network.

Some above-ground GPTs, such as trash racks and those
with solid diversion weirs, can coliect considerable quantities
of coarse sediment as it settles out when flows are backed up
behind an obstruction and flow velocities fall significantly.
Predicting removal rates is difficult and depends on local
conditions.

Cleaning systems for direct screening GPTs involves
removing material that has collected behind the screening
surfaces (or in sumps) and cleaning the screen of debris
(Figure 8.18). Collected pollutants can be removed with
vacuum machines, small excavators, small truck-mounted
cranes for nets or larger cranes to 1ift baskets from sumps.

Cleaning debris from screens can represent a more
substantial task. It involves manual scraping of the screen
surface to remove entangled debris, or knocking debris from

Figure 8.18  Cleaning debris from blocked screens can be an time
consuming and expensive task. Collingwood, Vietoria
(source: R. Aliison).
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the screen, depending on the type of screen arrangement.
Cleaning a screen of debris is a critical component of
maintenance for direct screening GFTs so they can coliect
gross pollutants with maximum efficiency at the start of the
next storm event.

8.6.3 Non-clogging screens

The tendency of in-ling screens to block is their main
limitation. To 1mprove screen performance, numerous
attempts have been made to design a non-clogging trash
screen. The principie is to align flows tangentially to the
screen surface, thus encouraging flows to move debris along
the screen while flows move through the screen. The
configuration of the screen face must also be appropriate for a
device to remain free of blockages during storm events.

The main advantage of non-clogging screens is that they
maintain flows through a trap for the duration of a storm event,
thus treating more runcff volune for any given storm cvent.
Direct screening GPTs tend to have reduced flows through the
device with increasing load accumulation progressively
icading to carly system bypass (if not maintained regularly)
comparcd with non-clogging screens.

Only a few GPTs have non-clogging screens. These
direct flows along or around a screen such that the flows
maintain a tangential direction to the screen face. In addition,
screens arc aligned such that blockages of material are
minimised.

Two types of non-clogging screens include an
underground and an above-ground device. Underground
systems use circufar sercens with rotating flows in a collection
sump (Figure 8.19), whereas above-ground systems use a drop
in the channel bed to force flows down an inclined screen
(Figure 8.20}. They share the advantages and limitations
associated with above-ground and underground direct
screening GPTs for maintenance and collected pollutant
breakdown.

Non-clogging screen GPTs have potlutant holding
chambers or areas, much the same way as direct screening
GPTs. They are also cleaned in similar ways to direct
sereening traps (with vacuum systems, sump basket retrieval
or small excavators).

GPT to encourage tangental flow paths along the
screen. Coburg, Victoria (source: R. Allison)

The downward inclination encourages litter to move
along the screen, leaving it {Tee to pass flows.
Huntingdale, Victoria (source: T. Wong)

8.6.4 Floating fraps

Floating traps are usually intended to remove highly
buoyant and visible pollutants such as plastic bottics. These
are typically installed in lower reaches of waterways where
velocitics are lowest and where upstream attempts of litter
control have been exhausted. One benefit of floating traps is
their high visibility and use as a public education and
awareness tool.

As their name suggests, floating traps target only the
most buoyant material. For litter this is typically 10% of the
total load (Allison ef al. 1998b).

The earliest boorn designs were based on those used for
oil slick setention (Figure 8.21). Floaging traps usually consist
of a partly submerged floating barrier fitted across the
waterway, which retains the pollutants or defiects them into a
retention chamber, More recent developments incorporate
poliutant retention chambers and advanced trap-cleaning
methods (Figure 8.22).

Floating GPTs have the advantage of portability and can
be repositioned to areas that tend to collect iitter (in eddies
atong rivers for example). Maintenance is easily monitored
because of their high visibility.

The main limitations with floating traps relate to their

retention booms and prone to wind scour of collected
pollutants. Rickmond, Victoria (source: R. Allison)



Gross Pollutant and Sediment Traps

improved litter retention from wind and tide
mmovements. Richmond, Victoria (source: R Allison)

limited holding capacity, poor capture efficiency during high
flows and maintenance difficulties. Recent designs incorporate
submerged barriers suspended below floating traps and
polhutant retention chambers, inan attempt to increase holding
capacity and prevent losses from wind or tidal movements.
However, when flow velocities increase, this material is often
washed out from beneath a trap or enirained in the flow around
the boom arms.

Floating traps are typicalty maintained from boat access,
which can be titne consuming and expensive. Some small
booms are manually cleancd with vacuum devices. Specially
designed barges are now used to streamline this process. Fiood
flows can present difficulties for floating traps positioned in
the lower reaches of waterways, subjecting them to large
forces, and their inability to bypass high flows. Their structutal
intcgrity can be compromised when subjected to high
velocities and this reinforces the importance of site selection in
slow-moving watcrways.

Siting of floating traps is a key consideration. The main
issucs include selecting areas where flow velocitics are low,
where litter tends to aééumulate, where they are protected
from high flows and not in the way of waterway traffic.

8.6.5 Sediment traps

Sediment erosion and transpert control is another
important arca of water management. [n the past, much
attention has been given to sediment management. Most state
and local governiment authoritics have produced manuals and
guidelines relating to management of sediment. Local
conditions and soil type influence the way in which sediment
is managed. Local documentation should be considered when
investing in or designing measurcs for sediment control €.&.
NSW Department of Housing (1998).

Sediment in runoff can result in adverse physical and
chemical impacts (see Chapter 2). There are many physical
measures for sediment management in runoff, ranging from
source control (including construction practices), street
sweeping to sediment traps and seitling basins. When
assessing options, the magnitude of sediment loads during and
after development activitics should be considered,

Sediment loads from urbanising catchments vary
considerably. For example, NSW Department of Housing
(1998) reports soil loss from residential developments during
construction of470 Yha/yr, whereas a study in Brisbane (BCC
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velocities during flood events that can compron:se
their seructural integrity. Elwood, Victoria {source: R.
Allison)

2001) reports gross poliutant load rates of 355 kg/halyr (wet),
of which sedimenl represented approximately 80%.
Compounding this variation, fine sediment in suspension is not
retained by GPTs and can represent a significant proportion of
the total sediment load. Marsalek (1992) categorised expected
sediment loads according to catchment characteristics (Figure
8.24). Methods for estimating soil erosion are well established
(NSW Department of Housing 1998) while some authoritics
have produced charts based on local knowledge (ACT
Government 1994).

There are a number of sediment traps available to controt
sediment transport once mobilised. These range from simpie
carthen or concrete basin designs to complex structures using
vortices and secondary flows for sediment retention. Each
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Figure 8,24 Estimated sediment yield from urbanising areas
(source: Marsalek 1992)
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trapping sysiem aims to create favourable flow conditions for
sedimentation, but the footprint per unit of flow for each
device varies depending on the processes employed.

The two processes of sediment removal involve
employing fine screening or sccondary flow motions (e.g.
Smisson 1967; Brombach et al. 1993; Wong et al, 1996) and
others use simple sedimentation processes {e.g. Witling and
Partners 1992). Devices using secondary flow patterns or
screening  systems, inciuding direct screening and non-
clogging screen GPTs, are typically proprietary products and
design information is Himited.

The basin type sediment traps can be concrete basins
(Figure 8.25) or more natural ponds constructed with site soils
(Figure 8.26). They retain sediments by simply enlarging a
channel so that velocities are reduced and sediments settle to
the bottom.

There are also smaller scale sediment traps which can be
fitted into stormwater drainage pipe network systems
inciuding some proprictary products.

Proprietary products are usually maintained with vacuum

Figure 825 Concrete sediment basin upstream ol tragh racks are
extensively uged in Canberra to remove coarse
sediments. Girralang Creek, ACT {(source: L.
Lawrence).

Figure 8.26  Sediment traps can also be weli landscaped and
integral with other treatment such as wetlands. Perth,
Western Australia {source: T. Wong)
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equipment. For simple basin sediment traps, maintenance is
performed by excavating collected scdiments following
dewatering of the basin or pond. This can involve significant
works and disturbance to an area. Therefore, sediment traps
{or basins) are designed for maintenance frequencies of onc to
five vears, depending on the catchment disturbance and
activities.

The cleaning procedure involves dewatering the basin,
removing sediments and re-establishing the area. The nature of
collected pollutanis can determine their suitability for disposal.
Sediment iraps are typically designed for coarse sediments
only (typically larger than 0.125 mm) and this material is
cxpected to have relatively low quantities of contaminants but
should nevertheless be monitored during maintenance.

A basic sizing procedure for sediment settling basins is
provided below based on theoretical sedimentation velocities.

Sizing sediment basins

The process of sedimentation removes the heavier
sediments from the water colunn. Sediment basin dimensions
are designed so that flow wvelocities provide sufficient
detention time for suspended particles to settle to the bottom of
a basin. The specification of the basin area (A) may be based
on the expression by Fair and Geyer (1954) for wastewater
sedimentation basin design:

l 11
v -
R=l-|t+——2 8.1
nQ/A
where R is the fraction of initial solids removed
Vg is the settling velocity of particles

Q/A s the hydraulic loading
n is the turbulence parameter,

The above eguation is strictly applicable for systems with
no permanent poot (i.c. dry basins), and may be rewritten as
fotlows (Equation 8.2) to account for the cffect of the
permanent pool storage. The permanent poel influences the
flow wvelocity in the detention basin but not the detention
period required to allow the particle size to scttle below the
invert of the outlet structure.

R:[ﬁ[Hl.vs(SﬁSg)]” . 8.2
n Q-d
where R is the fraction of initial solids removed
Vg is the settling velocity of particles
Q is the design flow rate
1 is the turbulence parameter
d is the depth range of the extended storage
Sp is the volume of the permanent pool

Se is the volume of the extended detention.

Ficld-scttling velocities are often significantly lower than
laboratory-derived settling velocities, owing to natural
turbulence created by wind and aquatic fauna in the water
body. It is often suggested that settling velocities of half the
theoretical veiocities of sediments should be adopted in sizing
sedimentation basins. Table 8.2 lists typical scttling velocities
of sediments.
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8.7 GPT PERFORMANCE ASSESSMENT

[t is extremely difficult to validate the performance of a
GPT. Independent data should be sought wherever possible,

The amount of material captured in existing GPT
installations is useful only as a gencral guide to performance.
These commonly collected data can, however, be uscfut for
efficient maintenance scheduling,

GPT removal rates are a function of the amount of runoff
treated {i.c. the quantity of flow diverted into a GPT compared
with that which bypasses) and the poliutant removal rate for
flows that go through a GPT (i.c. treated flows).

There are three broad ways of assessing the gross
poltlutant removal performance of a GPT. Field monitoring can
be performed, although this can be time consuming, expensive
and sensitive to individual catchment characteristics and
rainfall patterns (limiting transferability of results). Physical
scale models can be constructed in laboratories and computer
simulations of performance can be conducted. However, both
have limitations in representing the characteristics and
variation of gross potlutants.

Advantages and disadvantages of the three methods are
discussed in the next sections.

871 Field monitoring of GPTs

Many people mistakenly report the amount caught in a
GPT as a representation of its trapping performance. However,
as loads vary considerably between catchments and storm
events, a large amount caught does not necessarily represent a
well performing GPT. Only field studies that assess the
quantity of material that passes downstrcam compared with
that caught by a GPT produce an effective assessment of
performance.

The amount of material passing a GPT (through the
device or via bypass) can be assessed by quantifying the
bypass flows (e.g. witlh:flow sensors) and exirapolating gross
pollutant loads from flow data, or by using a trapping device
downstream {(e.g. another GPT). Quantitics of material trapped
in a GPT can then be compared with that which flowed
downstream.

Field monitoring needs to assess a device during several
events, particularty to establish the conditions under which
bypass will occur (related to the inflow rate or the amount of
material previously captured). In general, at least six and
preferably ten events of varying intensity and duration {at least
one event should be large enough to bypass the unit) should be
monitored to give a good representation of trapping
performance.

Field monitoring can be an expensive and difficult
exercise. Therelore, few performance studies have been
conducted that monitor gross pollutant loads downstream of a
GPT (which provide the best assessment of trapping
performance).

872 Piliysical Iaboratory models of GPTs

Physical hydraulic scale models of GPTs can be useful
for optimising the hydraulics ofa GPT during the development
stages. However, physical hydraulic scale modelling results
are usually unsuitable for determining capture performance
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Table 8.2 Setiling velocities under ideal conditions

(Maryland Department of Environment 1987)

Classification of Particle diameter Settling velocities
particic size range {pum) (mim/s)

Very coarse sand 2000 200
Coarse sand 1000 100
Medium saad 500 53
Fine sand 250 26
Very finc sand 125 Ll
Coarse silt 62 23
Medium silt 31 0.66
Fine silt 16 0.18
Very fine silt 8 0.04
Clay 4 0.011

because it 1s often not possible to derived comparably scaled
gross pollutanis,

The difficulty relates to the scalability of gross poliutants
fora laboratory trial that would adequately represent the range
of specific gravities and shapes of typical urban gross
poliutants. In many instances, hair and very fine material
cause screen blockages in GPTs, resulting in frequent bypass.
These materials are difficult to scale down to an appropriate
size to suit a scale physical model. When large material is used
in laboratory models, it tends to overestimate trapping
performance. In addition, it is often difficuit to simulate the
changing nature of gross pollutants because they can change
their buoyancy and shape during storm events.

However, there are instances where hydraulic modelling
using actual poliutants obtained from the field is acceptable for
certain types of structures. When tests can be conducted at fufl
scale, such as for road surface gulty pit (or side entry pit) gross
pollution traps, results are expected to be reliable.

Note that traditional scale modelling of hydraulic
structures that don’t involve pollutants is still valid. An
example is scale modelling of a GPT in a blocked or full
coadition for determining hydraulic headloss characteristics.

873 Computer simualation of GPT performance

The use of Computational Fluid Dynamic {CFD} models
for simulating performance of hydraulic structures is a well-
established but specialised, fieid of investigation. These
models are used extensive in Europe and the USA to simulate
performance of swirl concentrators for sewage separation,
Modelling capabilitics include tracking solids of different
speeific gravity within a three-dimensional space and they can
be useful in defining the performance of GPTs in trapping
sokids through the process of settling and sereening. The
trapping of particles smaller than the screen size can be
simulated as will the possible remobilisation of trapped
material during above design flow conditions. CFD modelling
can also simulate progressive blocking of screens as well,

It is envisaged that CFD modelling can be used in
conjunction with physical modelling of GPT to provide a
common platform for benchmarking these devices. Elements
of physical scale modelling can be used to define fluid
dynamics and particle motion for selected flow conditions and
particie characteristics. The results from the physical model
can then be used to calibrate a CFIY model such that the model
can subsequently be used to simulate the performance of GPTs
under varying stcady and unsteady hydraulic loading
conditions and gross solids characteristics.
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8.8 SELECTING A GPT

A decision of which type (and brand) of GPT to sclect is
a trade-off between the life cycle costs of the trap (i.e.
combined capital and ongoing costs), and its expected
pollutant removal performance considered against the values
of the downstrcam water body and any other social
considerations.

A life cycle cost approach is recommended. This
approach allows the ongoing cost of operation to be
considered and the benefits of different traps to be assessed
over a longer pertod. The overali cost of a GPT is often
determined by the maintenance costs rather than the nitial
capital cos(s.

The decision should be taken in consultation with
operational stalf (the people who will clean it) as well as local
community representatives (the peaple who will be affected by
it). Consultation at an carly stage will reduce the chance of
issues relating to its acceptance or operational issucs arising
later, avoiding costly remedial works.

This section highlights issues that should be considered.
The issues raised are primarily based on experience with
existing GPT installations. A condensed checklist of pertinent
points on which to compare GPTs is provided at the end of the
chapter.

887 Life cycle cosfs

Lifc cycle costs are a combination of the instaflation and
maintenance costs and provide an indication of the truc long-
term cost of the infrastructure. 1t is particularly important to
consider life-cycie costs for GPTs because maintenance costs
can be significant compared with the capital costs of
installation.  Version 3 of the MUSIC model {CRC for
catchment Hydrology, 2005) provides 2 methodology that can
be used to estimate lifc cycle costs for GPTs (sce Chapter 14).

To determine life cycle costs, an estimated duration ol the
project needs to be assurried (e.g. 20 or 25 years) or if the trap
is to control pollutants during the development phase only (for
example, a sediment trap} it may be three to ten years.

Life cycle costs can be estimated for all traps and then,
with consideration of the other influences {expected pollutant
removal, social, etc.), the most appropriatc trap can be
selected.

8582 Tustallation costs and considerations

Installation costs include the cost of supply and
installation of a GPT. These prices should be evident on
proposats for GPT installations but it is iimportant to cheek that
all instailation costs are included. Variables related to ground
conditions (such as rock or groundwater conditions} oraccess
issues may vary construction costs significantly. Cost
impiications should be assessed. The likely occurrence of
thesc issues should be weighed up when estimating total
installation cost.

Tenders should cover:

s price for supply and instaltation (not just supply)
e provision for rock or difficult ground conditions

e proximily (o services (and relocation costs)
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+ required access and traffic management systems for
construction.

A true instailation cost should then be used when
estunating life cycle costs.

Ensuring that the trap will suit focal conditions is as
unportant as calculating truc installation cost. Issues that
should be assessed to easure that a GPT will suit the arca
include:

e the size of the unit
*  hydraulic impedance caused by the trap

e particular construction issues.
More details of the points to consider are outlined below.

Size of the unit (footprint, depth)

Litter traps vary considerably in size, which must
therefore be factored into the choice of location.
Considerations when assessing the size of traps include:

o required footprint {plan size of trap and diversion})

e depth of excavation (o the bottom of the sump in some
cascs) —rock can substantially increase installation costs

e sump volume required
e proximity to groundwater

e location of any services that impact construction and
likely cost for relocation {e.g. power, water, sewer).

Hydraulic impedance/ requirements

Some litter traps require particular hydraulic conditions to
operate effectively. For example, some traps require a drop in
a channel bed. Such requirements can affect the suitabitity of
traps in a particuiar arca.

Other considerations are possible upstream impacts on
flow and a hydraulic gradeline because of the installation of
the trap. This can increase the risk of flooding. Traps should
be designed to avoid increasing the risk of flooding during
high flows. If a trap increases the risk of flooding above
acceptable limits it should not be considered further.

Other construction issues

For each specific location there will be several other
considerations and poinés of clarification that may sway a
decision on which trap is the most suitable. These include:

e Does the cost include diversion structures that will be
required?

e s specialist equipment required for installation (e.g.
special formwork, cranes or excavators) and what cost
implications do these have?

e s particular below-ground access required, will
ventilation and other safety equipment be needed — at
what cost?

o Wil the irap affect the aesthetics of an area — wiil
landscape costs be incurred after the trap installation —if
s0, how much?

o Wil the trap be safe from interloper or misadventure
access?
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¢ Do the lids/covers have sufficient loading capability
(particularly when located within roads) ~ what is the
cost of any increase in load capacity and will it increase
maintenance costs?

¢ Will the trap be decommissioned (c.g. after the
development phase) and what wiil this cost — what will
remain in the drainage system?

o Are there tidal influcnces on the structure and how will
they potentially affect performance or construction
techniques?

» Wil proftection from crosion be required at the outlet of
the device (particularly in soft bed channels), and what
are the cost implications?

583 Mainfenance costs and considerations

Maintenance costs, which are sometimes the most critical
variable, can be more difficult to estimate than installation
costs. Variations of the techniques used, the amount of
material removed and the unknown nature of the peliutants
exported from a catchment (thus disposal costs) all influence
maintenance costs. 1t is therefore imperative to carefully
consider the maintenance requirements and cstimate costs
when selecting a GPT or sediment trap. Tenderers should be
asked to quote annual maintenance prices.

One important step is to check with previous installations
by contacting the owners and asking their frequency of
cleaning and acnual operation costs (vendors can usually
supply contact information).

Maintenance activitics should not require manual
handling of coflected pollutants because of safety concerns
with hazardous material.

Maintenance considerations for GPTs and sediment traps:
arc histed below

e [s special maintenance equipment required (e.g. large
crancs, vacuum trucks or truck-mounted cranes)? Does
this equipment néed to be bought or hired, at what cost?

« Isspecial inspection equipment needed (e.g. aceess pits)?

s Are any services required {c.g. washdown water, sewer |

aceess)?

s Arc there overhead restrictions (e.g. powerlines or
trees)?

s  Docs the water need to be emptied before the pollutants?
If so, how will it be done, where wiil it be put and what
wiil it cost?

» Can the device be isolated for cleaning (especially
relevant in tidal areas)?

e Are road closures required and how much disturbance
wili this cause?

=  Arcspecial access routes required for maintenance (e.g.
access roads or conerete pads to lift from), and what are
thesc likely to cost?
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s Is there a need for dewatering areas (¢.g. for draining
sump baskets) and what impiications wili this have?

Disposal costs

Disposal costs depend on whether the collected material
is retained in wet or free~draining conditions. Handling ofwet
material is more expensive and requires scaled handling
vehicles.

e [s the material in a wet or dry condition and what cost
implications arc there?

= Arc there particular hazardous materials that may be
collected and wilt they require special disposal
tequirements (e.g. contaminated waste)? What cost
impiications are there?

e Whatis the expected load of material and what are likely
disposat costs?

Occupational health and safety

o Isthere any manual handling of pollutants and what wil
safety equipment cost?

s s entering the device required for maintenance and
operating purposes — will this require confined space
entry? What are the cost implications on the maintenance
cycle (for example, minimum of three people onsite,
safety equipment such as gas detectors, harnesscs,
ventilation fans and emergency oxygen)?

e Are adequate safety features built into the design (e.g.
adequate step irons and inspection ports) or will these be
an additional cost?

8.8.4 Miscellaneous considerations
Social considerations can be an important component of
the seiection of a GPT. Consultation with key stakeholders is
fundamental to selecting an appropriate GPT. Influences on
the decision process may include:
»  potential odour concerns at a location
» likelihood of pests and vermin such as mosquitoes ot rats

e suitability of the GPT matcerials, particuiarly in adverse
environments (¢.g. marine)

e impact on the acsthetics of an area
¢ cducation and awareness opportunities
s potential trapping of fauna (c.g. turtles, cels and fish).

These issues should be considered carly in the selection
process and taken into account when finalising a GPT type.

8.9 CHECKLIST FOR SELECTING A GPT

A cheeklist is provided in Appendix A as a quick
reference to the main issues related fo sclecting a gross
pollutant or sediment trap.
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APPENDIX 8A
CHECKLIST FOR SELECTING A GPT

This checklist has been designed to help stormwater managers identify relevant
issues refated to the purchase of a gross pollutant trap.

-
ol
e
Z
C

1. GENERAL

e s spacc available for the device (i.e. required footprint, access routes,
services)?

* Does the location suit catchment treatment objectives (e.g. position in a
freatment train)?

e [s the holding chamber suitable (wet or dry retention)?

e Are there sufficient safety precautions (1.e. preventing entry, access for
cleaning)?

¢ s the visual impact satisfactory (and odour potential)?
o s the treatiment flow sufficient to meet treatinent objectives?
e Has the flooding impact been satisfactorily addressed?

e Has sufficient consultation taken place with operational staff and the
local community?

o [s the expected pollutant removal rate sufficient to meet treatment
objectives (consult with owners of existing instaliations if required)?

2. INSTALLATION
¢ Does the price include installation?

* Are there sufficient contingencies for ground conditions (e.g. rock,
shallow water table, soft soils etc.)?

e Have relocation of servides been included?

O o0ooggd o oo oodo d
O o0gogd O ugood oodg o

» Are sufficient access or traffic management systems proposed as part of
construction?

What are the cost implications of these points? $

3. MAINTENANCE

» s the method of cleaning applicable to local conditions (eg, OH&S
issues, isolation of the unit from inflows etc.}?

¢ Are the maintenance (cleaning) techniques suitable for the responsible
organisation (i.e. required equipment, space requirements, access,
pollutant draining facilities etc.)?

¢ Is a maintenance contract included in the proposal?

* s the size of the holding chamber sufficient (for a maximum of 12 cleans
per year)?

Od o o O
Od o o O

s Have disposal costs been accounted for?

What are the cost implications of these points? 5






