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PREFACE

This is one of three reports that describe the gross pollutant research study undertaken by the
Cooperative Research Centre for Catchment Hydrology. The study is part of Project C2 (Design and
Management Procedures for Urban Waterways and Detention Basins) in the CRC’s Urban Hydrology
Program. ‘

The objectives of the study are to understand the quantities and characteristics of gross pollutants
moving through the stormwater system, and to review and assess gross pollutant trapping techniques.
A feature of this study is the extensive field monitoring which involved a range of parties, including
federal, state and local agencies, community groups and two private companies.

An industry report which provides a general description of gross pollutant characteristics and trapping
devices has been published. A related technical report outlines the study in much more detail. This
report describes the development of a decision support system that is based on the results from the
study. The decision support system provides a method for comparing different approaches for
trapping gross pollutants.

Tom McMahon
Program Leader, Urban Hydrology
Cooperative Research Centre for Catchment Hydrology
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ABSTRACT

There is increasing public concern about the large amount of gross pollutants, such as litter and
debris, observed in urban waterways and receiving waters. These pollutants are unattractive, disturb
the physical habitat, degrade the waters, are linked to marine animal deaths and reduce amenity
values.

A number of approaches are used to reduce the problem: public awareness and education programs,
penalties for littering, the provision of collection bins and extensive street cleaning. Despite these
efforts it is clear that significant amounts of material enter the urban drainage system. Traps can be
installed to collect gross pollutants and can be located at street channel entry pits, within main drains
and in slow moving receiving waters. However, it is rarely feasible to provide sufficient trapping to
collect all the pollutants in the urban drainage system.

This report describes a decision-support-system (DSS) that can be used to assist Authorities select an
appropriate strategy for trapping gross pollutants from a particular urban area. The DSS takes into
account the urban drainage layout, trapping locations, the predominant land-use type and funding
limitations in assessing the benefits and costs of a proposed strategy. The DSS is established using
essentially results from a CRC gross pollutant field monitoring study, as well as a review of litter
trapping devices commonly used in Australia.
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INTRODUCTION

Despite education, awareness and street cleaning programs, large amounts of gross pollutants (litter
and debris greater than 5 mm in size) are reaching and degrading receiving waters. In fact, urban
areas contribute approximately 30 kilograms per hectare per year of dry gross pollutants to the
stormwater system. The majority of the pollutants are organic (mainly leaves and twigs) and the
remainder mainly paper and plastic food and drink items. For Melboume this is equivalent to about
200,000 to 300,000 cubic metres of gross pollutants and one to two billion items of litter annually.
The large amount of material reaching the drainage system suggests that new or improved approaches
are required to prevent gross pollutants reaching and degrading receiving waters.

Reduction campaigns for gross pollutants can be divided into two categories, non-structural and
structural. Non-structural measures are means of reducing the quantity of pollutants available for
wash-off, primarily by changing the attitudes (and actions) of the community. Structural measures are
constructed in-transit treatments that separate and contain pollutants. Despite the presence of non-
structural programs, significant quantities of gross pollutants reach receiving waters and improved or
alternative approaches for reducing their impacts are required. Trapping systems provide a structural
method for reducing the quantities of gross pollutants that reach receiving waters and are the focus of
this study. Although little information is available concerning their performance they are becoming
increasingly used in Australia.

This reports describes a decision-support-system (DSS) that aids catchment managers in choosing
appropriate trapping systems to remove gross pollutants from urban waterways. This report builds on
field-based experiments that investigated the quantities of gross pollutants emanating from different
land-use types and the performance of two gross pollutant trapping techniques, as well as a review of
current trapping technologies. A complementary report (Allison et al., 1997b) describes this work in
more detail.

An Authority implementing a trapping strategy for gross pollutant removal from an urban catchment
will wish to maximise the quantity removed within budgetary limitations. It is unlikely that these
limitations will allow traps to be placed on all catchments in a drainage system. The planner must
decide what minimum number of traps should be used and which areas of the catchment should be
trapped, bearing in mind the drainage system layout, the predominant land-use type and the climate
characteristics. The task is a daunting one. The decision support system (DSS) described in this
report assists this task and allows relative strategies to be evaluated.




There are two primary characteristics that determine a trapping system’s performance: the trapping
efficiency and the maintenance requirements. A trap with a low trapping efficiency means that
significant gross pollutants are passing the trap and reaching downstream waters. Difficult or
expensive maintenance procedures will lead to a decline in the trap’s cleaning frequency. A poorly
maintained trap will be inefficient at trapping gross pollutants (McKay & Marshall, 1993) and also
may potentially become a source of contamination as collected materials break down (DLWC, 1996).
Therefore, the maintenance program of any trapping system should be an important consideration
when choosing between systems.

The DSS considers six trapping systems for three types of trapping locations: Side Entry Pit Traps
(SEPTs) at street entry pits; trash racks, Litter Control Devices (LCD), Continuouns Deflective
Separation (CDS) devices and Gross Pollutant Traps (GPTs) within main drains; and Floating Debris
Traps (FDTs) in slow moving receiving waters. These trapping systems were selected either because
they are likely to perform well or because they are commonly used in Australia and have some
performance data. The DSS allows comparisons of single trap systems as well as multiple trap
systems that can be located in various land-use areas. The input and output of the model allow the
user to either minimise the cost for a desired gross pollutant capture rate or aid the choice of gross
pollutant trapping systems for a given budgetary constraint.

The DSS takes into account the predominant land-use types and funding limitations in assessing the
benefits and costs of the proposed system. It uses recommended cleaning frequencies (that vary for
different traps) to estimate costs, and outputs are intended to show relative differences between
systems, not absolute costs. This is because of the variability of the input data and assumptions made
during the computations, The DSS also improves the users’ awareness of the trapping systems
available in Australia.

The structure of the DSS allows new information about the trapping performance or cost of any gross
pollutant trapping system to be incorporated as data become available. New systems can also be
added as field performance data become available.
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1. DSS STRUCTURE

The structure of the DSS is presented in Figure 1, showing the steps involved from the model inputs
to the range of outputs.

inputs
C) computations
e

fraggeraren,

e outputs

Figure 1 Structure of the DSS showing the steps involved in the computations

1.1 INPUTS

The DSS requires information about the land-uses of the study areas that drain to all trapping systems,
and daily rainfall data. The user has the option of considering different combinations of trapping
systems by changing trap locations and inputting the areas draining to each trap from different land-
use areas (either commercial, residential or light-industrial). The DSS then calculates the loads that
each trap captures and misses. Different land-use areas produce different quantities of gross
pollutants and therefore have different load characteristics, this is discussed in detail in Section 4.
Daily rainfall data are required for one year. The default has daily rainfall data for a rain gauge in
Coburg in 1996.

Costs for installation and maintenance of different trapping systems are calculated on a per hectare
basis, summarised in Table 10 in Section 2. In the DSS, street cleaning practices are assumed to be
the same as in Coburg, unless the user indicates otherwise. Coburg, the location for the field
experiments, from which the load relationships are drawn, has typical street cleaning practices for a
Melbourne suburb. There, fortnightly street sweeping in residential areas occurs, five days a week in
commercial areas and seven days a week in busy commercial areas. No street flushing is performed.
There is a lack of Australian data relating to the influence of street cleaning on the gross pollutant
loads in stormwater drains. As more information becomes available, the effects of changed street
cleaning practices can be accounted for in the DSS. If the user considers street cleaning practices to
have a different influence on gross pollutant loads than those in Coburg, a percentage increase or
reduction in the gross pollutant load can be entered (ie. default = 100% but it can be increased or
decreased according to the user’s perceptions).



1.2 OUTPUTS

Outputs from the DSS are intended to give an indication of the differences between the performances
of alternative trapping strategies rather than absolute values of their worth. To help managers compare
different techniques the DSS presents the following outputs: '

s the totaal load carried by the stormwater system (litter and total load (litter and vegetation) in kg
and m’);

o the load captured (litter and total load in kg, m® and percentage);
the estimated construction cost;

¢ the estimated cost of maintenance and cleaning each year (using recommended cleaning
frequencies); and

¢ an estimate of the number of traps required.

By experimenting with different trapping systems (or combinations of them) in different land-use
catchments, the user can quickly establish the best combination of traps suited to their particular
catchment. Costs that are presented are not exact. They are averaged over as many data as possible
from around Australia and presented as output from the DSS to give an indication of the magnitude of
costs. These tend to be biased against the traps with smaller catchments because of the high cost of
roads and ancillary works as Phillips (1992) explained for the case of GPTs. However, as long as
feasible catchments sizes are entered by the user, reasonable comparisons are possible.

Maintenance costs are presented separately because of their importance to the long term performance
of any gross pollutant trapping system. The output gives an indication of the annual maintenance
costs (mainly cleaning costs) and the user can determine the best option by comparing the installation
costs with the maintenance costs in an economic evaluation of the proposed strategy. These costs
vary by an order of magnitude between the traps used in the DSS (for both installation and
maintenance) and outputs provide a range of outcomes, which could suit the different budgetary
situations of each user.

1.3 EXAMPLES OF INPUT AND OUTPUT

Figure 2 presents an input/output page of the DSS for an arbitrary example. It indicates the user’s
inputs (in italics) and the model outputs of: costs, efficiencies, loads, and the number of traps required
for each trapping system. The example presented in Figure 2 is for an area of 100 hectares of
commercial, 50 hectares of residential and 25 hectares of light-industrial land-use with SEPTs, LCDs
and CDS devices used. The figure also indicates how to input the influence of street cleaning, the
density of SEPTs, the cleaning frequency for LCDs and the percentage of a waterway a FDT spans.

Figure 3 presents the cost and efficiency page from the DSS for the same example shown in Figure 2.
It summarises the values and relationships used in the DSS for calculating the cost and efficiency of
each trapping system. Section 2 describes how these values and relationships are derived. Figure 3
also shows the simplicity of entering new data (by simply replacing the numbers in the efficiency and
cost table) for any of the systems, as more information becomes available.



refer to the instructions on pages 6 & 7 in the report for directions PRESS F9 TO EXECUTE PROGRAM
INPUTS: Input areas draining to each trap (ha) OUTPUTS: Loads caught and costs
Trapping system commercial | residential ingﬁrttr-ial Total area LOADS AND COSTS
ha ha ha Litter load Total load
SEPT* 0 0 25 25 Total load transported (in one year) 6800 kg weq 18100 kg wet
Trash racks 0 0 0 0 26.9 m* 712 m’
LCD** 0 50 0 50 Load trapped (in one year) 6000 kg we{ 14900 kg wet
CDS devices 100 0 0 100 23.8 m’ 58.6 m*
. GPT 0 o 0 0 Percentage capture (by dry mass) 88 % 82 %
FDT**#* 0 0 0 0
not trapped 0 0 0 0 Total installation costs (3)] 452,000
Annual maintenance costs ()] 15,900
Total area 100 50 25 175
he isti he traps li elow; With this system the number of traps required will be:
*SEPT density Between 83 and 125 SEPTs
The density of coverage of SEPTs in the catchments = 70 % Between 0 and O Trash racks
**¥L.CD cleaning frequency Between 1 and 5 LCDs
Cleaning frequency for LCD device 30 days Between 2 and 10 CDS devices
*¥% FDT - proportion of waterway width covered Between 0 and O GPTs
Proportion of the waterway the trap covers (in width) 50 % Between ¢ and O FDTs
En di llutan leaning: Definitions;
Pollutant load in relation to Coburg (due to different management practices)= 100 % SEPT Side entry pit traps
(see (3) in instruction sheet) LCD  Litter control devices
CDS Continuous deflective separation
The uvser should only change the numbers in italics GPT  Gross pollutant trap
FDT Floating debris trap
PRESS F9 TO EXECUTE PROGRAM

Figure 2 An example of the input/oufpuf page of the DSS



EFFICIENCIES & [Catchment{ Efficiencles | Efficlencles | Installation | Cleaning | Maintenance
COSTS areas for litter | for tolal toad cost frequency cost
% % $/ha Shalyear Eqn. for SEPT litter efficiency :
Side entry pit traps 01-1 66 55 294 monthly 252 Eagn. for SEPT tofal load efficiency :
Trash racks 20- 500 10 10 1200 monthly 185 Eqn. for LCD efficiency :
Litter conteol devices | 2 - 150 o 30 2900 as entered 32 Eqn. for FDTefficiency for litter :
CDS devices 10- 60 28 98 3000 quarterly 80 Eqn. for FDTefficiency for total load :
Gross pollutant traps | 5 - 5000 30 30 1880 quarterly 72 Eqn. for SEPT inst. costs :
Floating debris traps >250 5 3 3 fortnightly ! Eqn, for SEPT maintenance costs :
No-trap 0 [1] 0 0 Eqn. for maintenance of LCD :
LITTER TRAFPED % LITTER | ToTaAL TRAPPED } % TOTAL
LOADS | axea | Toup | LFTER | oolbeen | roan | TOTAL LOAD
LOAD LOAD TRAPPED |
ha DRY Kg DRY Kg % DRY Kg DRY Kg %
Side entry pit traps 25 185 122 66 295 161 55
Trash racks 0 0 0 0 0 0 0
Litter contred devices 50 201 60 30 1077 m 30
CDS devices 100 1683 1649 98 4104 4022 9
Gross pollutant traps 0 0 [} 0 0 0 0
Floating debris traps 0 [+] 1} 0 0 0 0
No-trap 0 0 L] 0 0 0 0
TOTAL 175 2070 1832 88.5 5477 4507 82.3
INST. ANNUAL | Minimum Mazimum
COSTS | #rea | coers | MAIN | oumberof | number of
COSTS traps traps
ha 3 $
Side entry pit traps 25 7,350 6,300 83 125+
Trash racks 0 0 0 0 0
Litter contro) devices 50 145,000 1,600 1 5
CDS devices 100 300,000 8,000 2 10
Gross pollutant traps 0 L1} 0 1] 0
Floating debris traps 0 0 ] 0 0
No-trap 0 0 1}
TOTAL 175 452,350 15,900

eff, ==I.ISB-04(%lraps)’ - 026 (%t) + 2.18 (%) {Fig. 7.4}
eff. = 5,7E-05(%traps)®- .014(%1)® + 1.5(%t) {Fig. 7.5}
eff. = 98.48 - 2.283*(days between cleans)

eff, = 10 * (% coverage)

eff. = 5*(% coverage)

cost = (%traps) * $105/ha

cost = (%iraps) * $360/Ma/year

cost = (30/(days between cleans)) * $32 /hafyear

Numbes in italics can be changed by the user shoutd more information become available

Figure 3 An example of the cost and efficiency page of the DSS using the input from Figure 2
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2. TRAPPING EFFICIENCY AND COST DATA

The trapping efficiencies for each trapping system are calculated from either field experiments as part
of this study (CDS devices and SEPTs) or from other Australian data. Detailed descriptions of the
different trapping techniques are presented by Allison et al. (1997b).

There are seven individual treatments which are considered in the DSS, namely street cleaning,
SEPTs, trash racks, LCDs, CDS devices, GPTs and FDTs. Efficiencies and costs are calculated using
data averaged for each type of trapping system (ie. even though there may be different brands, eg. for
SEPT there are three brands - Pitclear, Dencal and Banyule City Council - it is assumed that all brands
of the same trapping system have the same efficiency and costs). The costs of each trapping systerm
(for installation and maintenance) are presented as average costs per hectare of catchment. This
approach is a simplification of the measured data and is discussed with the assumptions for the DSS
in Section 3.

The computations in this section use mass as the variable to determine trapping performance (ie. how
much mass is retained or passes a trap). Dry mass is considered to be the best measure of the amount
of gross pollutants in stormwater. Volume loads and item counts can vary with the density, moisture
content or the material size of a gross pollutant sample. Qutputs from the DSS convert the dry masses
into volume and wet mass so that an appreciation of the scale of cleaning and disposal requirements is
possible. Data that are not reported as dry mass in the literature are converted to dry mass using
relationships derived as mass to volume ratios derived from the Coburg field study.

The trapping systems that are used were selected either because they are likely to perform well or
because they are commonly used in Australia and have some performance data. Some systems
discussed in Allison et al. (1997b), (ie. baffled pit traps, evolving traps and overseas devices) were
excluded because of a lack of performance data. As more performance data become available for
these traps it would be possible to add any of these systems to the DSS.

When comparing the cost of different gross pollutant traps it should be recognised that GPTs and
CDS devices (and to a lesser extend LCDs) offer other benefits such as sediment removal. This may
account for a significant proportion of the installation and maintenance costs. However, the focus of
this study is on gross pollutants (material that is retained by a 5 mm mesh screen) and the DSS only
takes these into account for the efficiency or cost calculations.

2.1 STREET CLEANING

Australian data about the influence of street sweeping on gross pollutant movements in the urban
drainage network are scarce. For the purposes of the DSS it is assumed that typical Australian street
cleaning practices are employed, (ie. the same practices as Coburg) and the loads are calculated in
light of those practices. If the user estimates street cleaning practices to be significantly different
from those described for Coburg (Section 1.1) the quantity of material that reaches the stormwater
system can be increased or decreased as appropriate, by varying the street cleaning input parameter.

2.2 SiDE ENTRY PIT TRAPS (SEPT)

SEPTs are baskets that are placed in the entrance to drains from road gutters. The baskets are fitted
below the invert of the gutter, inside drainage pits (Figure 4). Stormwater passes through the baskets
to the drain and material larger than the basket mesh size (5-20 mum) is retained. Material remains in
the basket until a maintenance crew removes the material either manually (Pitclear Industries, 1994;
and Dencal Industries, 1995) or using a large diameter vacuum device (ie. an eductor, Banyule City
Council, 1996). The traps are intended to be cleaned every four to six weeks.

11
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Figure 4 Side Eniry Pit Trap - side elevation (after Davies, 1995)

The traps are installed with a gap at the rear of the pit to prevent flooding at the drain entrance. When
the basket pores are blocked or during high flows, water is discharged over the rear of the basket.
Items smaller than the pore size can also be retained due to the collected material partly blocking the
basket pores.

Trapping efficiency data for SEPTs are derived from the results of the field experiments performed by
the CRC (described in Allison et al., 1997b). The overall trapping performance of SEPTs is
influenced by the proportion of the entrances that are covered with traps and their individual trapping
efficiencies.

In the Coburg experiment all of the public road entrances were installed with SEPT' to investigate the
trapping efficiencies for different densities of traps. Knowing the loads canght by individual traps, it
is possible to simulate the trapping efficiency for situations that have less than 100% of the drain
entrances installed with SEPTs. However, to do this, information is required about which of the
entrances will not be installed with traps. For the purposes of the DSS, it is assumed that the
managers of a particular drainage system can identify the entrances that are likely to produce the most
gross pollutants, and place the SEPTs on them. These positions are likely to be side entry pit
entrances in either commercial areas or residential entrances with large catchments (Allison et al.,
1997). It is considered likely that local authorities have a good sense of the high gross pollutant
producing areas from experience with drain blockages and from street cleaning.

Efficiency data for SEPTs depend on the proportion of entrances fitted with SEPTs (determined by
the user as an input) and are determined from Figures 5 or 6 for litter or total load respectively. The
efficiencies for 100% coverage were taken from the first and last clean-outs of the SEPTs as part of
the field work. Results for the second and third clean-outs were affected by a small hole in the CDS
unit (Section 2.5) and so the values of the SEPT efficiency may have been overestimated. However,
the relative trapped loads for situations when less than 100% of entrances are fitted with SEPTs are
calculated using distribution data from all four clean-outs (Figures 5 and 6). The trapping efficiencies
determined for all of the clean-outs are adjusted to have the same equivalent 100% trap density
trapping efficiency as the average of clean-outs 1 and 4. The cumulative percentage of loads are
plotted for the four clean-outs in Figures 5 and 6 for litter and total load respectively. A line is fitted
to these points and represents the percentage coverage against the trapped percentage of litter or total
load used in the DSS.
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Figure 5 Efficiency curves for litter loads with various proportions of SEPTs installed
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Figure 6 Efficiency curves for total gross pollutant load with various proportions of
SEPTs installed

SEPTs cost between $60 and $150 to install per trap (Colin Rose, pers. comm., Banyule City
Council). Overall costs per hectare depend on the density of traps installed in a catchment. This is

determined by the user selecting the proportion of trap coverage.

100% coverage of drainage

entrances is assumed to be 4 traps per hectare. This value was determined from the field experiments
and costs are therefore: @ $105 for each SEPT, $420 per hectare. The cost to maintain traps has been
estimated at $5-10 per pit per clean (Colin Rose, pers. comm., Banyule City Council). Assuming
$7.50 per clean and monthly cleaning, for 100% coverage of SEPTs the cleaning costs are $360 per
hectare per year. These costs are proportioned linearly according to the percentage of coverage the
user selects as input to the DSS.
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2.3 TRASHRACKS

Trash racks are installed in storm drainage channels to intercept floating and submerged objects (such
as plastic bags). They generally consist of either vertical or horizontal steel bars (typically spaced 40-
100 mm apart) and are manually cleaned. Trash racks provide a physical barrier that water must past
through and material larger than the bar spacing is retained. As material builds up behind the trash
rack finer material also accumulates (Nielsen & Carleton, 1989). '

Trash rack performance data were derived from a tagged litter study undertaken in Melbourne
(McKay & Marshall, 1993). The study released tagged items upstream of trash racks and boorms and
determined the trapping efficiencies from the number of items recovered from in and downstream of
the traps. McKay & Marshall only investigated floating items. For the purposes of this DSS, the
trapping efficiencies that are quoted for trash racks by McKay & Marshall (1993) are assumed to
relate to all gross pollutants (floating and submerged). This assumption is on the premise that trash
racks are designed to trap floating, submerged and bed load gross pollutants and without any evidence
to suggest that the trapping performance is different for either floating or submerged items, it is
assumed they are the same (and the same argument for litter items and total load, i¢. they are assumed
to be the same).

The performances quoted by McKay & Marshall (1993) suggest that the trapping efficiencies of trash
racks vary from 5% to 14%, and 10% is used in the DSS. This low efficiency value is mainly due to
blockage and overflow problems during high flows (as described by Nielsen and Carleton, 1989;
Beecham and Sablatnig, 1994; and DLWC, 1996).

The costs of trash racks are derived from Sydney data (Robyn Sim, pers. comm., Sydney Water). The
installation and maintenance costs are averaged from three trash racks. The costs used in the DSS are
$1200 per hectare to install and an annual maintenance cost of $185 per hectare, see Table 1. There
have been other Australian trash rack data collected on the quantity of trapped materiat (eg. QUT,
1996), but no other cost data were located by the author after an extensive search and hence the
Sydney data are used in the DSS.

Table 1 Costs of frash racks in Sydney (after Robyn Sim, pers. comm.)

. Catchment| Installation | Xnstallation . Main/hectare.
Location Maintenance :
area Cost cost / hectare year
(ha) $) ($/ha) ($/year) {$/hayear)
Cup and Saucer Creek 500 215,000 430 22,000 44
Mackey Park 50 272,000 3,022 70,000 778
Orissa Street 55 305,000 5,545 28,000 509
TOTAL (all traps) 645 792,000 1,228 120,000 186

2.4 LITTER CONTROL DEVICES (LCDs)

North Sydney City Council developed a stormwater litter trap in response to publicity surrounding a
clean-up campaign (Cooper, 1992) and by 1995 they had constructed nine devices (Brownlee, 1995).
The traps are located in pits in the drainage network (catchment areas range from 2 to 145 hectares)
and consist of steel frames that support metal baskets (approximately one cubic metre), see Figure 7.
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Figure 7 Litter control device (after Brownlee, 1995)

The baskets sit below the invert of the inlet pipe and water drops into the baskets (that have 30 mm
diameter pressed holes in the sides) and flows out through the holes in the baskets. Large material
(greater than 30 mm pore size) is retained in the basket and, as it builds up reduces the pore sizes
offered to the incoming flow (Hocking, 1996) allowing smaller material to be caught. The traps
require approximately one metre drop in the channel bed from inlet to outlet to accommodate the
basket (Hocking, 1996). This limits their applicability in low lying areas.

Hocking (1996) suggests a capture rate of up to 80% for LCDs in North Sydney City Council from a
monitoring study. This value appears to be too high because of changed hydraulic conditions and
increased trap cleaning frequency during the monitoring period. Monitoring screens with 10
millimetre apertures were placed across the outlet pipe downstream from the LCD. Material that
collected on the monitoring screens quickly blocked the screen and retarded outflow, thus causing
ponding upstream of the monitoring screen and flooding of the LCD collection basket.

The changed flow conditions during the monitoring period limits the reliability of the efficiency data
from the study. Hocking (1996) also notes that only a small amount of material was found in the
baskets after large rainfall events. Monitoring as part of the present study, indicated that large events
transport large quantities of gross pollutants. This would suggest that material escaped the LCD
during high flows and consequently only small quantities of gross pollutants remained after large flow
events.

Monitoring of the LCD on a weekly cleaning cycle yielded approximately three times more gross
pollutants than previous monitoring (of the same trap) using a monthly cleaning frequency (Hocking,
1996). This suggests that pollutants may escape LCDs if not maintained as regularly as in the
monitoring program (weekly) and that the monitoring overestimated the pollutant capture for the
device compared to normal operational conditions (when they were cleaned monthly).

For the DSS a monthly cleaning regime is assumed {as recommended by Brownlee, 1995), and
therefore, the efficiency that Hocking (1996) reported (of 80%) needs to be reduced to be comparable
with a monthly cleaning cycle. With three times more material coliected during weekly compared to
monthly cleaning (Hocking, 1996) it would be expected that the efficiency of the system with monthly
cleaning would be approximately three times lower (ie. 28% - say 30%). In the DSS, the cleaning
regime {(and hence the trapping efficiency) can be changed by the user (which also increases
maintenance costs). For example, fortnightly cleaning is estimated to be 43% efficient and have
double the costs of the monthly cleaning cycle, and weekly cleaning is 80% efficient.

The installation costs for the LCDs are estimated from the nine units built in North Sydney City
Council, see Table 2 and Brownlee (1995). The average installation costs are $2900 per hectare and
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for maintenance the annual costs are estimated to be $32 per hectare with monthly cleaning (and $140
per hectare for weekly cleaning).

Table 2 Costs of LCDs from Sydney data (after Brownlee, 1995)

Locati Catchment | Installation | Installation Maintenan Maintenance
on area Cost cost / hectare ce /hectare/year
ha H $/ha $/year $/alyear
Willoughby Street 8.9 100,000 11,211
Walker Street 16.8 120,000 7,160
Smoothey Park 16.5 120,000 7,282
Waverton Park 300 120,000 3,999
Crows Nest Road 25.3 120,000 4,749
Eliarnang Street L7 50,000 29,240
-Honda Road 40.2 100,000 2,488
Grafion Street 144.7 130,000 898
Hayes Street 384 80,000 2,083
TOTAL(all traps) 323 940,000 2,915 10,400 32

2.5 CONTINUOUS DEFLECTIVE SEPARATION (CDS)

The CDS mechanism of solid separation is by diverting the incoming flow and associated pollutants
away from the main flow stream of the pipe or waterway into a pollutant separation and containment
chamber. Solids within the separation chamber are kept in continuous motion and are prevented from
“blocking” the screen. This is achieved by a hydrautic design that ensures the tangential force exerted
on an object by the circular flow action is significantly higher than the friction caused by the
centrifugal force associated with the rotating flow in the circular chamber. Floating objects are kept
in continuous motion on the water surface while the heavier pollutants settle into a containment sump.

CDS devices capture 100% of gross pollutants (as defined as material retained by 2 5 mm mesh
screen) from the discharge that passes through the chamber. The overall gross pollutant trapping
efficiency is therefore affected by the quantity of flow that passes through the separation chamber
compared with how much by-passes the chamber at higher flows via the overflow weir (and carries
gross pollutants with it). During field monitoring and from the analysis of Wong et al. (1996) it is
estimated that 98% of the discharge flows through the separation chamber on an annual basis (and 2%
goes over the by-pass weir) if the diversion weir is set to divert a 0.5 ARIL. Since the diversion weir
only operates at times of high flow (by design) and this is not the time of the highest concentration
(see Allison and Chiew, 1995), it is assumed that the concentrations are close to mean event
concentrations therefore the proportion of gross pollutants that by-pass the chamber is proportional to
the quantity of discharge that by-passes the chamber over the by-pass weir. With this assumption and
the typical design size, the trapping efficiency of the CDS device is estimated to be 98% for both litter
and total load.

Costs for CDS devices are based on current purchase prices. A three metre diameter unit is estimated
to cost $100,000 to construct as a base price (ie. not including additional costs for items such as rock
excavation or difficult access; Paul Blanche & Stephen Crompton, pers. comm., CDS Technologies).
The unit monitored as part of this study is a three metre diameter unit and services a catchment area of
50 hectares, costing approximately $230,000 (Graham Rooney, pers. comm., Melbourne Water).
However, there were many extra costs associated with construction, including realignment of power,
water, telephone and gas lines; and the location was in a roadway requiring the covers to withstand
large trucks passing over them. These additional costs are not considered typical for most
installations.
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As the cost data for all other systems in the DSS include the construction constraints of each site, and
the only available cost data are for the Coburg CDS unit (which had more than typical costs because
of the location), the cost of the Coburg CDS unit cannot be used to compare with other typical costs
used in the DSS. Therefore, for the purposes of the DSS, a construction costs of $150,000 (equivalent
to $3,000 per hectare) is assumed for a unit the same size as the Coburg CDS unit. This cost is
between the ‘base’ cost and the ‘actual’ cost of the Coburg unit. This value is assumed for typical
construction costs and would include some extra costs for site constraints, but not as much as the
Coburg installation. This value can be easily updated in the DSS as more information becomes
available. The size and capacity of constructed CDS devices are listed in Table 3 and shows that for a
three metre diameter unit (as installed in Coburg) a 50 hectare catchment is typical.

Maintenance costs for CDS devices are also relatively unknown. From the field work in Coburg, as
part of this study, a 3-monthly cleaning cycle is estimated to be adequate and from experience in
Coburg (Section 6.2.4) an estimate for cleaning costs is $1000 per clean. Therefore, in the DSS, the
annual maintenance costs for the CDS devices is estimated to be $80 per hectare. These costs can be
easily updated in the DSS as more information becomes available.

Table 3 List of constructed CDS units, the size of the units and catchment areas (after

Blanche & Crompton, pers. comm.)
Location | Collection chamber diameter| Catchment area
State m ha
NSW 1.5 3.6
TAS 1.5 24
NSW 2 16.5
NSW 2 12.4
SA 2 27
SA 2 58
NSW 3 47
NSW 3 50
QLD 3 58
VIC* 3 50
NSW 3 51
* Coburg CDS unit

2.6 GROSS POLLUTANTS TRAPS (GPT)

GPTs are in-transit pollution traps intended to remove litter, debris and coarse sediments. GPTs have
evolved from sedimentation basins (see Perrens (1992) and Queck et al. (1991) for descriptions of
sedimentation basins). They generally consist of a large concrete lined wet basin upstream of a weir
and a trash rack is located above the weir (Willing and Partners, 1992; and see Figure 8).
Maintenance involves dewatering the wet basin and using a backhoe to remove sediments (Willing
and Partners, 1992). GPTs are primarily designed for trapping coarse sediments from stormwater.
These criteria have govemed their shape and size (Willing and Partners, 1992).

The philosophy behind GPTs is to decrease flow velocities sufficiently, so that coarse sediments settle
to the bottom. This is achieved by increasing the width and depth of the channel in the GPT basin.
The trash rack on the downstream end of the basin (usually constructed of vertical steel bars} is
intended to collect floating and submerged debris in the same way as conventional trash racks.
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Figure 8 Gross Pollutant Trap (after Willing and Partners, 1988)

Gross pollutant traps use the same principle as trash racks to capture gross pollutants. However, the
stormwater channels entering GPTs are widened for the sedimentation basin and therefore the trash
rack (located on the downstream end of the basin) provides more trash rack area for a given
stormwater channel width than a conventional trash rack (constructed in the channel). A GPT is
typically at least three times wider than the channel width (but may vary because GPTs are sized
according to sediment retention not trash rack size, Willing & Partners, 1992). For this DSS the
trapping efficiency used for GPTs is three times that for trash racks, ie. 30%, assuming that the
channel is widened to three times that of the inlet channel (and consequently so too is the trash rack

area).

GPT costs are estimated from Sydney data despite the large number of GPTs in Canberra. Installation
costs for the Canberra traps were not available to the author. The costs for installation and
maintenance of the Sydney GPT's are shown in Table 4 (Robyn Sim, pers. comm., Sydney Water) and
show that the average cost for a GPT is $1880 per hectare and $72 per hectare to maintain annually
averaged for the six traps.

Table 4 Costs of Sydney GPTs (after Robyn Sim, pers. comm.)

Location Catchment Installation |Installation cost/ Maintenance Maintenance
area cost hectare an fhectare/year
ha s $/ha $tyear $/halyear
Bondi/Roscoe 46.0 800,000 17,391 18,964 412
Bondi//Lamrock 46.0 800,000 17,391 18,964 412
Botany 890.0 1,200,000 ] 1,348 15,977 18
Orissa Street 55.0 450,000 8,182 19,971 363
" Roslyn Gardens 14.0 55,000 3,929 12,613 901
Wolli Creek 1128.0 800,000 709 70,621 63
TOTAL(all traps) 2179 4,105,000 1,884 157,110 72
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2.7 FLOATING DEBRIS TRAPS (FDT)

Floating debris traps or litter booms are constructed by stringing partly submerged floating booms
across waterways. The boom, originally designed as an oil slick retention device, collects floating
objects as they collide with it (MMBW et al., 1989). The performance of any boom is greatly
influenced by the flow conditions of the waterway (McKay & Marshall, 1993; Melbourne Water,
1995; and DLWC, 1996). Litter booms are best suited for very slow moving waters and perform best
with floating objects such as plastic bottles and polystyrene (SPCC, 1989).

More recently, Floating Debris Traps (FDTs; Bandalong Engineering, 1995) have evolved from
booms and have an enhanced retention of captured material and an improved cleaning method. The
traps use floating polyethylene boom arms with fitted skirts to deflect floating debris through a flap
gate into a storage compartment (Figure 9). The flap gate is intended to prevent collected floatables
escaping with changed wind or tidal conditions. A sliding gate on the downstream end of the trap
provides an improved cleaning method. As the gate is raised material flows out of the trap and into a
collection basket that is located downstream of the trap during cleaning. Once full, the cleaning
basket is lifted onto a specially designed barge (fitted with a crane to lift the basket).

Flap pate
Sliding gate

for c\aning

Vanes for controlling

flap gate

Figure 9 Plan view of Bandalong floating debris trap

The location of FDTs is critical to their performance because the traps can rarely span the full width
of a waterway as they are restricted by waterway traffic or the size of the waterway. In addition to
inefficiencies caused by not spanning the full width of a waterway the results of monitoring, as part of
this study, revealed that only 20% to 25% of litter items float (and less than 10% for organic
material), and therefore only these proportions are available to be trapped by floating traps.
Furthermore, during high flows material is forced over or under the floating booms as described by
Nielsen and Carleton (1989), Gamtron {1992) and Horton et al. (1995).

McKay & Marshall (1993) report efficiencies for floating material of 12% to 50%. The highest
efficiency reported was for a boom that spanned the full width of a waterway (Merri Creek) and the
lowest value (12%) for the trap located on the widest waterway (the Yarra River at Chapel Street).
For the purposes of the DSS, the efficiency for a FDT is proportional to the percentage of the
waterway width it spans. A 100% coverage (ie. full width) is assumed to have a 50% efficiency for
Sfloating material (as the Merri Creek boom in McKay & Marshall (1993) suggests). Floating items
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are considered to be 20% of the litter load (see Allison et al., 1997b). Therefore the overall efficiency
for a FDT spanning the full width of a waterway is 20% of 50%, namely 10%.

The efficiency is assumed to reduce with the proportion of the waterway that is spanned by the FDT.
For example, a trap that covers 60% of the waterway width will have an efficiency of 60% of a FDT
that spans the full width, namely 6% for litter capture (including suspended and sinkable materials).

For total gross pollutant load, the efficiency is further reduced because of the smaller proportion of
vegetation that floats compared to that which sinks or is neutrally buoyant. The total load is a
combination of litter and vegetation (but mainly vegetation). The proportion of the total load that
floats is assumed to be 10% (from results in Allison et al., 1997b). Therefore, the efficiency for a
FDT which spans the full width of a waterway is assumed to be 50% (the efficiency for floating
material) of 10% (the proportion which floats), hence the overall trapping efficiency for total load is
5% (when spanning full width of a waterway). Again the efficiency is assumed to be proportionally
less according to the percentage of the width of the waterway that the trap spans.

The catchment areas (and hence average costs per hectare) of floating debris traps are difficult to
estimate because they are generally located in slow moving waters that typically have very large
catchment areas. In addition, they are used in clusters along river reaches (for example, on the lower
Yarra River in Melbourne). Estimates of the unit-costs for each trap are between $15,000 and
$20,000 (Tony Welsh, pers. comm., Bandalong Engineering).

Catchment areas are calculated by dividing the total urban catchment area of the lower Yarra River by
the number of FDTs used along the reach of waterway. The urban catchment area upstream of the
traps is estimated to be 60,000 hectares from catchment plans. With ten traps in this reach of the
Yarra River the individual trap catchments are assumed to be 6,000 hectares. Therefore, the
installation costs are assumed to be $3 per hectare.

The cost of maintaining floating debris traps is also estimated from Melbourne Parks and Waterways
data (Doug Vallance, pers. comm., Melbourne Parks & Waterways). Monthly maintenance costs
(averaged over one year for five traps) are $5,940 per trap and again assuming a catchment area of
6,000 hectares per trap, $1 per hectare per year would be the monthly cleaning cost. The annual
maintenance costs for FDTs used in Melboumne are presented in Table 3.

Table 5 Maintenance costs for FDTs In the Yarra River, Melbourne (after Vallance,

pers. comm,)
lMaimenance costs per month for floating debris traps on the Yarra River

Location Aug-94| Sep-94 | Oct-94{ Nov-94| Dec-94 | Jan-95 | Feb-95 | Mar-95| Apr-95|May-95] Jun-95| Jul-95 | Totals
H H - H 5 s s 3 H H H s H
Leonda 513 522 576 504 306 450 1548 1008 972 504 288 7191
Grange Road 306 36 318 414 s 144 378 234 360 1206 936 630 5274
Mary Street 1152 2 90 387 198 252 T2 2223
Prahran M.D. 656 E5)] 306 522 315 252 378 1026 306 198 162 4662
Morall Bridge 158 72 270 54 554
Miscellaneous costs* 709 904 834 904 904 914 1044 1554 1184 764 (] 0 9715
TOTALS 1839 1984 1977 | 2416 [ 2038 | 2828 2322 | 4452 3317 | 3338 | 224 1044 29679
Average costs per trap per year = $29,679 / 5 = $5,940 per trap per year
*miscellancous costs are for all traps combined and include basge hire etc,
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2.8 SUMMARY OF DSS EFFICIENCY DATA AND ASSUMPTIONS

In Table 6 the efficiency values used in the DSS for the trapping systems are presented and the key
assumptions that are made in deriving the values are listed.

Table 6 Summary of efficiency data used in DSS and assumptions made to derive

them
Device Ca:i:sem E:f? !E:rs foE:ﬁt:;:ln ;i:‘d! Assumptions
% %

swampis | 011 | e | o |Meemestmmmme o
Trash racks 20 - 500 10 10 a&w»ulwmmag”?mmmofmm

Litter control devices 2-150 30%+ 3Ore e o e o o o e Co02108
CDS devices 10 - 60 98 og | Trering cficlency propoional o volume of aoffhrough searaion
Gross pollutant traps 5 - 5000 30 30 Same 25 trash “ﬁmﬁxg m l;y o least 3, therefore
Floating debris traps > 250 10%*+* Sexs m?:ﬂ:fﬂr::ﬂd?::d w::_: :emprxn sz m: m ;:ym q::s

*assuming 100% saturation of SEPTs
**cleaning frequencies can change efficiencies cither weekly (82%) or fortnightly (41%)
*** assurning FDT spans full width of waterway
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3. ASSUMPTIONS IN THE DSS

Comparing alternative trapping systems when data have been derived from different collection
techniques and locations requires assumptions to be made. Data for the DSS have been derived from
field work as part of this study and from other Australian data. The assumptions made to allow
comparisons are:

e that dry mass is used to measure gross pollutant foads (not volume or items counts);

¢ that land-use type and rainfall are the primary influences on gross pollutant loads;
that the data used to derive gross pollutant loads are typical of urban areas for which the DSS will
be used;
that all load and cost data are expressed in terms of the area (ha) of the catchment; and
that suitable and feasible construction sites are available for all locations of traps that the user
wishes to be considered.

In addition, individual trap efficiency assumptions are described in the previous section.

Dry mass is considered to be the most appropriate measure of gross pollutants because it ensures that
the moisture content of material does not influence the measured load. Gross pollutants are generally
trapped and collected in different ways (some traps retain pollutants dry and some wet) and therefore
the moisture content of the gross pollutants will vary from trap to trap and influence the mass of wet
material greatly. By measuring the dry mass in each instance a more accurate measure of the quantity
of material is presented.

Using a mass relationship to determine the effectiveness of trapping systems is biased against some
litter items that have very low densities but contribute to waterway degradation {eg. polystyrene
pieces and plastic bags) and the potential impacts of these materials need to be recognised. The DSS
presents the litter component of the gross pollutant load separately which allows the user to focus on
the litter retention capabilities of any trapping system, in addition to the total load performance.

In the report by Allison et al. (1997b) a2 number of variables are plotted against the loads monitored in
the experimental catchment (65% residential, 30% commercial and 5% light-industrial}. From these
analyses rainfall and runoff appeared to be the best indicators of gross pollutant loads, however,
rainfall was chosen for the DSS because it is more readily available than runoff.

The DSS is based on field experiments carried out in Coburg, as part of this study (except for cost and
efficiency data for four traps). To use the DSS elsewhere, it is assumed that the areas to be
investigated are similar to Coburg. The user can enter variations in land-use areas and any influence
of street cleaning. However, within each land-use type (residential, commercial and light-industrial)
it is assumed that gross pollutant generation and transport mechanisms are similar to those found
within the Coburg areas.

Data for the loads of material and the costs of traps are averaged over catchment area. Therefore, the
loads and costs are relative to the catchment areas that the user inputs. There are minimum sizes for
some of the trapping systems and consequently the user must be aware of these in order for the
averaged values to be multiplied by the catchment area to represent meaningful values. To help the
user, ranges of acceptable catchment sizes for each trap are presented in the cost and efficiency page
of the DSS. A ‘no-trap’ option is also offered for locations where it is not feasible to construct traps.

To obtain generic trap efficiencies for each type of trapping system (as described in Section 4.2),
assumptions from the results of performance testing in the Australian literature need to be made and
these are described in Section 2 and summarised in Section 2.8. The user enters the catchment areas
for each trap and it is assumed that there are feasible locations for trap installations.
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A constant value of trapping efficiency and cost per hectare is assumed in the DSS regardless of the
catchment area. This simplification is made because of the lack of efficiency data for traps of
different sizes. A trap installed in a smaller catchment would cost more per hectare and have a higher
trapping efficiency than another trap of the same type and size, installed in a larger catchment.
However, the exact catchment sizes and the number of traps required for a catchment area would not
be known by the user at the start of analysis. The position of the traps will depend on the catchment
layout and the feasibility of construction. A wunit-cost (per hectare) for each trapping system is
assumed in the DSS as it provides a general description of the trapping system. Data which are used
in the DSS were obtained from studies of trapping systems with different catchment sizes. The unit-
cost simplification compensates for the higher unit-cost and trapping efficiency associated with
smaller catchments, and the lower unit-cost and trapping efficiency associated with larger catchments
for the same type and size of traps.

There are many assumptions used to derive the costs here. The data are intended to give an indication
of relative performances and costs between very different types of trapping systems. Further
investigation into the costs and feasibility of the traps would be required before the possibility of
construction can be determined.

23



4. COMPUTATIONS IN THE DSS

A flow chart of the computations performed by the DSS is presented in Figure 10 and the following
sections describe each step.

Typical Actual Trapped Model
load load load outputs

Figure 10 Flow chart of calculations performed by the DSS

Rainfall
volume

Land-use
areas

Gross pollutant loads are calculated for the total load and the litter component of the load separately.
This enables the users to adopt whichever criterion is most important for their particular catchment
(either litter or total load). From rainfall and land-use type data the typical loads are estimated, the
typical load is then adjusted for street cleaning practices and results in a “actual-load”. The actual-
load is then used, along with the trapping efficiencies, to calculate the quantities of material that are
retained by each trapping system. Finally, the costs (installation and maintenance) for the chosen
system(s) and the annual wet mass and volume are calculated from the catchment areas draining into
each trap.

4.1 RAINFALL AND LAND-USE TYPE TO TYPICAL LOADS

Data for generating gross pollutant loads are derived from the field monitoring of the CDS device
(described in Allison et al., 1997b). The CDS device provides an excellent monitoring tool for
estimating the quantity of gross pollutants transported in stormwater systems because of its high
capture rate. However, these data were collected during only three months of winter monitoring.
Loads of gross pollutants may vary during other seasons (because of changes in storm characteristics,
nature and amounts of vegetative material or pedestrian habits) and therefore additional monitoring of
gross pollutant loads (beyond the scope of this study) would strengthen this component of the DSS.

Analyses of the loads collected from the CDS device during monitoring show that both rainfall and
runoff display a strong correlation to load. For the purposes of this DSS, rainfall is taken as the
explanatory variable for gross pollutant loads because rainfall data are more widely available than
runoff data.

Data collected over the three months of monitoring are used to derive the equations for estimating
gross pollutant loads (Figures 11 and 12). These data are used because they are the best data available
in which the amount of gross pollutants travelling through a stormwater system was measured in a 50
hectare urban catchment (see Allison et al,, 1997b). Due to the limited nature of the data, the
relationship between rainfall and loads will need to be improved as more monitoring data become
available. With increasing data, rainfall may not appear to be the best indicator of gross pollutant
loads and an alternative variable could easily be implemented in the DSS.
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Figure 12 Rainfall against litter loads for the ten clean-outs

The loads monitored in the CDS device were derived from a mixed land-use catchment (residential
65%, commercial 30% and light-industrial 5%) and the relative inputs from each land-use type are
unknown. Previous monitoring, as part of this study, in the same area investigated the influence of
land-use type on gross pollutant loads. The data presented in Allison et al. (1997b) are from only two
storm events and conclusions from this information should be treated with caution. Relationships are
derived here (Table 7 and 8) to present a procedure for incorporating land-use type into the
determination of gross pollutant loads. The different catchments - residential, mixed commercial/
residential and light-industrial - are used to determine loads for residential, commercial and light-
industrial areas, (ie. the mixed area is broken into residential and commercial areas).

Once the load values for each land-use area are determined they are compared to the weighted average
of all of the areas combined. This ratio represents the relative loads for each land-use area (for both
litter and total load, Tables 7 and 8) compared to the average of all the areas combined. The results
show similar values of this ratio for both storms for all cases except light-industrial areas where the
small catchment area contributed to errors because of the effect of one large item caught by a basket
on one occasion.



Table 7 Average loads for each land-use type and the proportion to the weighted
average load for the whole area for a storm on 27-1-95

LANDUSE AREA LITTER LOAD TOTAL LLOAD
value / weighted value / weighted
ha g,ha average gjha aAver age
Commercial 95 164 20 423 1.3
Residential 26.5 43 0.5 292 0.9
Light-industrial 25 162 20 242 0.8
Weighted average 38.5 81 1.0 321 1.0

Table 8 Average loads for each land-use type and the proportion to the weighted
average load for the whole area for a storm on 31-5-95

LANDUSE AREA . LITTER LOAD TOTAL LOAD
value / weighted value / weighted
ha gha average g/ha average
Commercial 9.5 598 2.5 747 1.9
Residentiat 26.5 127 0.5 308 0.8
Light-industrial 25 20 0.1 63 0.2
Weighted average 385 236 1.0 400 1.0

The relative loads for each land-use area are averaged over the two monitored storms for the DSS and
these data are presented in Table 9. These relationships are used to adjust the loads monitored in the
CDS device (from mixed land-uses) to represent loads for individual land-use types. The
relationships for load against rainfall for different land-use types are presented in Figures 13 and 14.
The relative loads for different catchment areas are shown in Table 9, the ratios are: commercial 2.2
for litter and 1.6 for total gross pollutants, residential areas (.54 and .84) and light-industrial areas (1.0
and .46).

Table 9 Averaged ratios of iitter and total gross pollutant loads derived from different
land-use types compared to the average for all areas combined

LANDUSE AREA | LITTER LOAD TOTAL LOAD
ha value / weighted average | value / weighted average
Commercial 9.5 2.3 1.6
Residential 26.5 0.5 0.8
Light-industrial 2.5 1.0 0.5

To form the relationships between rainfall and loads for each land-use type (Figures 13 and 14) two
sets of data have been used: data collected from sampling single land-use catchments and data
collected relating to the loads captured from a mixed land-use catchment (the CDS device catchment).
It is fortunate that the sum of the individual land-use catchments monitored as part of the single land-
use monitoring, have similar ratios of areas of land-use type to the catchment monitored as part of the
load-monitoring (the CDS device catchment).
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The sum of the catchments monitored have the following land-use categories: residential (69%),
commercial (25%) and light-industrial (6%). The land-use types in the catchment draining to the CDS
device are estimated to be residential (65%), commercial (30%) and light-industrial (5%). It is
assumed for the purposes of the DSS that these areas are not greatly different and the loads expected
from the CDS catchment would be similar to those from the sum of the individual land-use
catchments monitored on a per hectare basis (ie. the ratio of land-uses for these areas are the same).
This assumption allows simulated litter load and total gross pollutant load magnitudes (determined
from CDS monitoring) to be related to single land-use types (using Table 9). These relationships are
used in the DSS to compute the loads of gross pollutants for different land-use areas and are presented
in Figures 13 and 14,
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4.2 TYPICAL LOAD TO ACTUAL LOAD

In the DSS, street cleaning only affects results if the practices in the catchments entered by the user
are considered to be different to the typical practices undertaken in Coburg (Section 1.1). In Coburg,
street sweepers operate fortnightly in residential areas, five days a week in commercial areas and daily
in busy commercial areas. No street flushing is performed. Because there is a lack of Australian data
on the quantities of gross pollutants removed by street cleaning, a factor is used to adjust the loads in
the DSS. The factor adjusts the actual load relative to the practices in Coburg. The factor will need
to be reassessed as more information becomes available about the effectiveness of street cleaning
programs on gross pollutant loads.

When the user believes cleaning regimes are considerably different from those in Coburg, they can
enter a percentage increase or decrease in the load reaching the stormwater system as part of the input
to the DSS. ‘

4.3 ACTUAL LOAD TO TRAPPED LOAD

Loads (calculated with rainfall and land-use area information) are multiplied by the trapping
efficiencies to yield a total dry mass retained and dry mass of material passing downstream of each
trap. These dry loads are then converted into the model outputs as the next section will describe.

The individual trapping efficiencies for the six traps used in developing the DSS vary for litter and
total load in the cases of SEPTs and FDTs. The trapping efficiencies of the other systems (presented
in Table 6) are assumed to be the same for litter loads and total gross pollutant loads because there is
no evidence to indicate otherwise.

Table 10 Costs and efficiencies (averaged over a number of traps) for each
trapping system considered in the DSS, derived in Section 2

Device %mz::l Efficiencies | Efficiencies | Installation Cleaning Maintenance
for litter |for total load cost frequency cost
areas
ha % % $/Mma* $/hayear !
Side entry pit traps 01-1 76! 64! 4201 monthly 360!
Trash racks 20 - 500 10 10 1200 monthly 185
Litter control devices 2-150 302 302 2900 monthly 322
CDS devices 10 - 60 98 98 3000 quarterly 80
Gross polhitant traps 5 - 5000 30 30 1880 guarterly 72
Floating debris traps > 250 102 53 3 fortnightly 1
! assuming 100% saturation of SEPTs
? cleaning frequencies can change to either weekly ($140/hafyear) or fortnightly ($64/ha/year)
? assuming FDT spans full width of waterway
4 1997 AS

4.4 MODEL OUTPUT CALCULATIONS

Using relationships averaged from ten clean-outs of the CDS trap, dry mass is converted into wet
mass and volume of gross pollutants (Table 11 shows the conversions used in the DSS). This gives
the user an idea of the magnitude of disposal requirements and potential receiving water impacts. An
example of the output from the DSS is shown in Figure 2.
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Table 11 Conversions of dry masses to wet masses and wet volumes (after Table 6.1)

Clean date Volme | Totalwet |o tdrymass| TOMUY | wet:dry | Wet density
mass MASs
m3 kg g/ha kg kg per m3
13-May-96 04 176 972 49 3.6 450
22-May-96 0.3 62 408 20 31 240
24-May-96 0.1 14 62 3 4.4 170
21-Jun-96 0.3 as 608 30 31 280
27-Jun-96 1.0 253 1621 81 3.1 260
4-Jul-96 0.8 239 1417 71 34 280
10-Jul-96 0.3 51 307 15 33 160
18-Jul-96 0.3 77 447 22 5 240
24-Jul-96 03 55 283 14 39 170
2-Aug-96 0.7 163 1109 55 29 220
Total 4.6 1184 7233 362 3.3 260
Conversions used 0.013 33 1

The costs per hectare of various combinations of traps are calculated from the areas contributing to
each trap system (irrespective of land-use type) and the average installation and maintenance costs are
shown in Table 10.

Table 10 shows that trap installations costs (excluding FDTs) vary from $420 to $3000 per hectare
and annual maintenance costs vary from $32 to $360 per hectare of catchment for different trap types.
The maintenance costs do not include the cost of dumping material. Maintenance costs are separated
from the installation costs because of the importance of maintenance to the long-term success of any
gross pollutant trapping system.

The DSS calculates the costs for maintaining different combinations of trapping systems by assuming
standard cleaning frequencies (as Table 10 shows). The user can change the cleaning frequency for
LCDs and the percentage coverage of SEPTs which affects the maintenance costs (and overall
trapping efficiencies). Default cleaning frequencies in the DSS are the values shown in Table 10.
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5. CASE STUDY FOR REDUCING GROSS POLLUTANT DISCHARGES

In this section the DSS is used to compare the costs and efficiencies of different trapping strategies in
a real catchment. The analysis considers the site constraints and the system layout in determining the
feasibility of each system. The drainage layout influences the position of possible traps and the land-
use types draining to them, and therefore the feasibility of some systems. A 150 hectare area in
Coburg, Melboume is adopted as the case study catchment.

5.1 CASE STUDY METHODOLOGY
During the analysis, the DSS is used to:

1. apply each trapping system (in the DSS}) to the whole catchment and apply an economic evaluation
of the results to determine the respective trapping efficiencies and equivalent annual costs;

2. using these results, choose four combinations of trapping systems that appear to be the most
suitable for the case study catchment;

3. compare the equivalent annual cost of the four combinations of trapping systems, for a range of
litter trapping efficiencies;

4. plot litter trapping efficiency against cost (equivalent annual cost); and

5. use this plot to determine the best trapping strategy for the catchment.

5.2 CATCHMENT DESCRIPTION

The catchment area is 150 hectares (shown in Figure 15) of primarily residential land-use (96
hectares) but with some commercial (38 hectares), light-industrial (8 hectares) and park-land (8
hectares) areas. The drainage layout is shown in Figure 15 and determines where traps can be built
and also the land-use areas that drain to the traps. The characteristics of the area and management
practices are described in Section 1.1 (as it is the same area used for the gross pollutant monitoring).
This catchment was chosen because land-use areas and drainage layout information were already
established. It is also the same area from which the DSS was derived and therefore no adjustments for
street cleaning or rainfall to the DSS were required.
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Figure 15 Diagram of case study area showing possible locations of the trapping
systems ‘
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5.3 ECONOMIC COMPARISONS

Ultimately the choice between different trapping strategies will depend on an economic evaluation of
each potential strategy. One approach to compare the costs of different engineering systems is to use
a net present worth analysis to evaluate each system (Dandy & Warner, 1989).

To do this the total project costs (net present costs (NPC)) are determined in present day dollars and
then divided by the duration of the project. The costs of each strategy are presented as capital and
annual maintenance costs from the DSS and therefore can be used to determine total NPC in 1997
dollars by adding up all installation costs and the annual maintenance costs. The equivalent annual
costs (EAC) are then calculated by dividing the NPC by the life-span of the project.

5.4 CASE STUDY ASSUMPTIONS

For the analysis in the case study a 30 year project life is assumed. All trapping systems are assumed
to have 30 year life spans, except for SEPTs that are estimated to last 15 years with the plastic
materials used in construction (ie. SEPTs require replacement after 15 years and therefore require two
installations). The park-land area is conservatively assumed to have the same gross pollutant
characteristics as the residential area (but is likely to produce fewer gross pollutants).

5.5 SINGLE TRAPPING SYSTEMS APPLIED TO THE WHOLE CATCHMENT

The DSS is used to determine the cost and trapping efficiency of each trapping system applied to the
whole catchment. This gives an indication of the loads of gross pollutants that move through the
stormwater system and of the differences in costs and performances of the systems applied in the
Coburg catchment (assuming ail the systems can be installed).

Output from simulations of the individual traps over the whole catchment area (shown in Table 12)
indicates that 3.7 tonnes (15 m %) of litter and 13 tonnes (51 m %) of total gross pollutants travel through
the stormwater system annually. The output also indicates that CDS devices are the most efficient
trapping system, but cost the most to install. Using EAC, the cheapest option is a LCD system with a
30 day cleaning cycle, but this has a low trapping efficiency, and therefore is unlikely to be adopted.
SEPTs are the cheapest to install and retain a significant proportion of the gross pollutants but have
considerable cleaning requirements. LCDs can also retain significant amounts of gross pollutants
with weekly cleaning but are also expensive to install and maintain.

Table 12 DSS output for single-frap systems applied to the whole case study area
(150 ha)

system § install $;::1;1;:;n m:lal;r; Litter load | Total load ?a::;:: Z::logtl?tl
$000's $000's $000's | wet tonnes | wet tonnes % %
SEFPT (100%) 63 + 63* 54 58.2 37 12.8 76 64
SEPT (60%) 38+ 38% 32 34.5 3.7 12.8 63 51
Trash racks 180 28 34.0 3.7 12.8 10 10
LCD (30 days) 435 5 19.5 37 12.8 30 30
LCD (7 days) 435 21 35.5 37 12.8 82 82
CDS 450 12 27.0 37 12.8 98 98
GPT 282 11 20.4 3.7 12.8 30 30
FDT not applicablle in CohurgI

*replacement cost for SEPTs after 15 years
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The selection of one of these or any trapping system for a catchment is determined by: the costs and
trapping efficiency of the systems, the perceived importance of the downstream waterway, and any
social or political pressures. Therefore, as many trapping systems as possible are included in the DSS
despite different performance characteristics (eg. trash racks are included in the DSS despite their low
efficiency because managers may only get funds to install trash racks, and the DSS can be used to
help determine the best location for them).

With each system having unique construction, maintenance and trapping efficiency values it is
possible that a combination of different trapping systems, will provide the trapping strategy best
suited to the experimental catchment. Four combinations of potential trapping systems are examined
in the following section. Note that a ‘combination’ can include any number of trapping systems
(including a single trapping system).

5.6 COMBINATIONS OF TRAPPING SYSTEMS

When choosing between trapping strategies, objectives for gross pollutant removal need to be
identified. For this exercise, trapping litter items is adopted as the objective. An objective of 65%
litter capture is adopted to select four potential strategies best suited to this case study catchment.
The costs are then calculated for incremental increases in the percentage of litter removal for each of
the four trapping strategies chosen.

To select locations for different traps, consideration of the drainage system layout and land-use areas
is essential. Commercial and light-industrial areas are likely to produce the most litter items (Figure
14) and therefore these are the areas that are targeted. However, it is unlikely that it will be possible
for any traps except SEPTs to have single land-use catchments, because of the nature of urban areas.
The scale of catchments for each trap also influences the proportion of targeted land-use area (eg.
commercial areas) that will be treated. For example, consider the differences in contributing areas for
points B and C in Figure 15, the commercial area in the larger catchment (at point C) is 25% of the
total area, compared with 63% in the smaller catchment (at point B), even though the two points are
close to each other.

The preferred (as defined by the authors) four combinations of traps that capture 65% of the litter are
presented in Table 13 as estimated by the DSS. The four strategies used are: SEPTs; LCDs with
SEPTs; CDS devices; and CDS devices with SEPTs. The proportion of the entrances that have
SEPT: installed in them and the cleaning frequency of LCDs are shown in brackets in Table 13.

Table 13 Qutput for the case study from four combingtions of frapping systems

. $ maintain | Equivalent| % litter % total
system $ install
per year |annual cost| caught caught
$000's $000's $000's % %
SEPT (75%}) 45 + 45* 383 413 65 54
LCD (7 days) / SEPT (85%) 246 + 5.4* 16.0 24.4 65 55
CDS 260 6.9 15.6 65 55
CDS / SEPT (70%) 161 + 13.8* 15.8 21.6 65 53

*replacement cost for SEPTs after 15 years
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For a 65% capture rate, Table 13 suggests that a CDS device system will provide the cheapest option
over a 30 year period. The equivalent annual cost is estimated to be $15,600.

Selecting trapping combinations requires close consultation of land-use areas and drainage maps. The
catchment areas for each combination to reach a 65% litter capture rate are presented in the
input/output pages from the DSS, shown in Appendix A. A description of each combination of
trapping systems is presented below to indicate the detail of investigation required to determine the
values shown in Table 13.

1. The first system (SEPT at 75% density; Table 13) satisfies the 65% litter capture rate and has the
lowest initial cost but the highest maintenance cost (and the highest EAC). The system has SEPTs
located in all of the catchment except 8 hectares of residential area (details of the simulation are in
Appendix A). The traps are installed at a 75% density (ie. three traps per hectare) and are cleaned
monthly.

2. The second system uses a combination of LCDs and SEPTSs to reach the 65% litter capture target.
The LCD would be located near to point F in Figure 15 and the SEPTs (placed at an 85% density)
on the remaining commercial and light-industrial areas leaving 52 hectares of residential area
untreated (Appendix A). To obtain this capture rate the LCDs require weekly cleaning and the
SEPTs monthly cleaning. The frequent cleaning and the large initial cost of the LCD makes this
option the second most expensive.

3. The third system considered is a CDS unit strategically placed (near point F in Figure 15) to
capture a high proportion of the commercial and light-industrial areas leaving the remaining areas
without treatment (ie. 8.5 commercial, 52 residential and 3 light-industrial hectares untreated,
Appendix A). Although the system is the most expensive to construct, it is the cheapest to
maintain and has the lowest EAC.

4. The final system presented in Table 13 is cheaper to install than the CDS unit alone but costs more
to maintain because of the number of SEPTs that are used to reach the 65% litter capture rate and
is the second cheapest option. A smaller CDS unit is used than in the previous example (placed
between points E and F in Figure 15) along with SEPTs in the rest of the commercial, light-
industrial and some of the residential areas (Appendix A).

These four trapping strategies are now used to illustrate how their costs vary for different litter
capture rates. Depending on the objectives set by the user, an alternative strategy may prove to be
more appropriate, however, these four strategies are used here to demonstrate the methodology for
determining any potential point of diminishing return for a particular strategy. Each strategy is
applied to the catchment so that an incremental increase of 10% litter trapping efficiency is achieved.
The estimated costs are used to determine a relationship between costs and trapping efficiencies for
each trapping strategy applied to the case study catchment.

As an example of the procedure used, consider the CDS system alone. Costs are estimated for an
incremental increase of 10% litter trapping efficiency (ranging from 10% to 98%). The costs,
contributing areas and locations for the CDS devices for each trapping efficiency are shown in Table
14, (Figure 15 shows the theoretical locations of the CDS devices, points A to J). The locations are
determined by trial and error, with consideration of the land-use types, drainage layout and the
resulting trapping efficiency. Details for the other three strategies are presented in Appendix B.

Table 14 EAC for different litter rapping efficiencies for the CDS system in the case
study catchment
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Trapping | Location of INSTALL ANNUAL | EQUIVALENT
efficiency |CDS trapsinj AREA TRAPPED |AREA NOT-TRAPPED) COST MAIN. ANNUAL
(%) Figure 15 COSTS COST
CDS system com. res.  lightind.| com. res.  light-ind.
ha ha ha ha ha ha $000's $000's $000's
10 A 5 7 0 33 97 8 36 1.0 2.2
20 B 12 7 0 26 97 8 57 1.5 34
30 C 11 33 3 27 71 5 141 38 8.5
40 D 16 38 5 2 66 3 177 4.7 10.6
50 D+E 19 52 5 19 52 3 201 54 12.1
60 D+F 26 52 3 12 52 3 249 6.6 149
71 G 33 55 5 5 49 3 279 7.4 16.7
80 H 34 70 8 4 34 0 336 9.0 20.2
90 I 36 92 8 3 12 0 407 10.8 244
98 J 38 104 8 0 0 0 450 12.0 21.0

The results from these analyses and the other three trapping system combinations are plotted in Figure
16, where the trapping efficiency to cost relationship for each of the four combinations in the
experimental catchment is presented.
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Figure 16 Equivalent annual costs versus the litter frapping potential of four systems
examined in the case study catchment

The relationships presented in Figure 16 show how the litter trapping efficiency varies with the
equivalent annual cost for each of the four trapping strategies considered. The figure also plots the
comparative performance of some of the single trapping systems applied to the case study catchment
(trash racks, LCD (30 days), GPT's and SEPT (100%)).

The outputs from the DSS plotted in Figure 16 indicate that a combination of SEPTs and CDS devices
are consistently the cheapest option. In addition, the plot shows that trash racks, LCD (30 days) and
GPTs are not worthy of consideration for the case study catchment. The plot also indicates that for
trapping efficiencies of less than 50% a combination of a CDS / SEPT (70%) strategy appears to be
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the cheapest option. The figure also indicates that for more than 50% of the litter to be captured
either CDS or CDS / SEPT (70%) strategies will provide the cheapest option for catchment managers.

Using these results some general conclusions can be made about the case study catchment. For
capture rates of less than 50% of the litter a combination of a CDS / SEPT (70%) could be adopted as
the cheapest option.

Should the litter capture rate required be more than 50% either 2 CDS or a CDS / SEPT (70%)
strategy could be adopted as the cheapest options. As there is little difference between the costs of
the two strategies it would be likely that a single trapping system would be more appealing to a
catchment manager than a combination of trapping systems (for the simplicity of dealing with only
one contractor). Thus, it would be likely that a CDS system would be adopted.

Therefore, for less than 50% litter capture a CDS / SEPT (75%) combination is preferable for the case
study catchment, and for more than 50% litter capture a CDS strategy would provide the most
attractive option to the catchment manger.

5.7 CASE STUDY RESULTS

Using the DSS an annual estimate of 3.7 tonnes (15 m’) of litter and 13 tonnes (51 m®) of total gross
pollutants travel through the Coburg stormwater system. To reduce the effects of this pollution on the
downstream waterways the DSS results suggest that a trapping strategy consisting of CDS devices is
the best option should more than 50% of the litter want to be removed. If it is acceptable for less than
50% of the litter to be captured, a combination of SEPTs and a CDS unit is the most attractive option
over a 30 year period.
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6. SUMMARY

This report describes the development and application of a decision support system (DSS) which can
be used by Authorities to determine effective approaches for trapping gross pollutants within a
particular urban drainage area. The DSS is designed to provide comparisons between gross pollutant
trapping systems. It uses fieldwork results and other Australian performance and cost data for gross
pollutant trapping systems.

With the large areas in urban lands it is unlikely all areas will be covered with trapping systems.
Therefore, specific areas are likely to be targeted, presumably the ones that produce the most gross
pollutants. These areas were found to be commercial areas for litter and total gross pollutant loads.
However, most catchments that are feasible for gross pollutant trapping systems (excluding SEPTs)
are of a size that contains multiple land-use areas (which depends entirely on the drainage layout) and
each land-use area can be entered separately into the DSS.

A case study is used to illustrate the value of the DSS for comparing different trapping systems. A
150 hectare catchment was used for the case study and from the DSS it was estimated that 13 tonnes
of gross pollutants travel through the stormwater system annually (and of these 4 tonnes are litter). A
CDS system was found to be the best option for trapping more than 50% of the litter load and
combination of SEPTs and a CDS unit was the most attractive system for capturing less than 50% of
the litter. '
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Appendix A ~

Appendix A

Input/output & cost/efficiency pages from the DSS for four combinations of trapping systems for the
case study catchment.

{1) SEPT (75%) system
(ii) LCD / SEPT (85%) system
(iii)  CDS device system

(iv) CDS device / SEPT (70%) system
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Appendix A

refer to the instructions on pages 6 & 7 in the report for directions PRESS F9 TO EXECUTE PROGRAM
INPUTS: Input areas draining to each trap (ha) OUTPUTS: Loads caught and costs
Trapping system| | commercial | residential in:ilf:]ttr-ial Total area LOADS AND COSTS
ha ha ha Litter load Total load
SEPT* 38 96 8 142 Total load transported (in one year) 3700 kgwet| 12900 kg wet
Trash racks 0 0 0 0 14.5 m* 50.6 m*
LCD** 0 0 0 0 Load trapped (in one year) 2400 kg wetf] 6900 kg wet
CDS devices 0 0 0 0 9.5 m’ 272 m’
GPT 0 0 0 0 Percentage capture (by dry mass) 05 % 54 %
FDT*** 0 0 0 0
not trapped 1] 8 0 8 Total installation costs (§)] 45,000
Annual maintenance costs ($)| 38,300
Total area 38 104 8 150
Enter the characteristics of the traps listed below: ' With this system the number of traps required will be:
*SEPT density Between 473 and 710 SEPTs
The density of coverage of SEPTs in the catchments= 75 % Between 0 and 0O Trash racks
**,CD cleaning frequency Between 0 and 0 LCDs
Cleaning frequency for LCD device 30 days Between 0 and 0 CDS devices
*** FDT - proportion of waterway width covered Between 0 and O GPTs
Proportion of the waterway the trap covers (in width) 50 % Between 0 and O FDTs
ter the adj ross pollutan d ing; Definitions:
Pollutant load in relation to Coburg {due to different management practices)= 100 % SEPT Side entry pit traps
(see (3) in instruction sheet) LCD  Litter control devices
CDS  Continuocus deflective separation
The user should only change the numbers in italics GPT  Gross pollutant trap
FDT  Floating debris trap
PRESS F9 TO EXECUTE PROGRAM
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refer to the instructions on pages 6 & 7 in the report for directions PRESS F9 TO EXECUTE PROGRAM

INPUTS: Input areas draining to each trap (ha) OUTPUTS: Loads caught and costs
Trapping systeml commercial | residential in:lf:t:-ial Total area LOADS AND COSTS
ha ha ha Litter load Total load
SEPT* 12 0 3 15 Total load transported (in one year) 3700 kg wel 12900 kg wet
Trash racks 0 0 0 0 14.5 m* 506 m* |
LCD** 26 52 5 83 Load trapped (in one year) 2400 kg we|{ 7100 kg wet
CDS devices 0 0 0 0 9.4 m* 28.2 m®
GPT 0 0 0 0 Percentage capture (by dry mass) 65 % 56 %
FDT*** 0 0 0 0
not trapped 0 52 0 52 Total installation costs ($)| 246,000
Annual maintenance costs (3)] 16,000
Total area 38 104 8 150
*SEPT density Between S0 and 75 SEPTs
The density of coverage of SEPTs in the catchments= 85 % Between 0 and O Trash racks
**L.CD cleaning frequency Between 1 and 8 LCDs
Cleaning frequency for LCD device 7 days Between 0 and 0
*+* FDT - proportion of waterway width covered Between 0 and 0 GPTs
Proportion of the waterway the trap covers (in width) 30 % Between 0 and 0 FDTs
t e adjustment factor for ollutan ue ¢ cleaning; Definifions:
Pollutant load in relation to Coburg (due to different management practices)= 100 % SEPT Side entry pit traps
(see (3) in instruction sheet) LCD  Litter control devices

CDS
GPT
FDT

The user should only change the numbers in italics

PRESS F9 TO EXECUTE PROGRAM

CDS devices

Continuous deflective separation
Gross pollutant trap
Floating debris trap

Appendix A
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refer to the instructions on pages 6 & 7 in the report for directions PRESS F9 TO EXECUTE PROGRAM

OUTPUTS: Loads caught and costs
LOADS AND COSTS
Litter load Total load
Total load transported (in one year) 3700 kg weq 12900 kg wet
14.5 m? 50.6 m’
Load trapped (in one year) 2400 kg wel 7700 kg wet
9.5 m 30.5 m’
Percentage capture (by dry mass) 65 % 60 %
Total installation costs ($)| 260,000
Annual maintenance costs ($)] 6,900

The density of coverage of SEPTs in the catchments = 100 %
**LCD cleaning frequency
Cleaning frequency for LCD device 30 days

**+% FDT - proportion of waterway width covered
Proportion of the waterway the trap covers (in width) 50

INPUTS: Input areas draining to each trap (ha)
Trappi t ial idential light- Total area
rapping system commercial | residential . "o o
ha ha ha
SEPT* 0 o 0 0
Trash racks 0 0 0 0
LCD** 0 0 0 0
CDS devices 29.5 52 b) 86.5
GPT 0 0 0 0
FDT**+* 0 0 0 0
not trapped 8.5 52 3 63.5
Total area 38 104 8 150
Enter cteristics of the H
*SEPT density

Enter the adjustment factor for pross pollutant loads due to street cleaning:

(see (3) in instruction sheet)

The user should only change the numbers in italics

Pollutant load in relation to Coburg (due to different management practices)= 100 %

RIINDE [ EQUIrea DL
Between 0 and O SEPTs
Between 0 and 0 Trash racks
Between 0 and 0 LCDs
Between 1 and 9 CDS devices
Between 0 and 0O GPTs
% Between 0 and O FDTs
SEPT Side entry pit traps
LCD  Litter control devices
CDS  Continuous deflective separation
GPT  Gross pollutant trap
FDT  Floating debris trap

PRESS F9 TO EXECUTE PROGRAM

Appendix A
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refer to the instructions on pages 6 & 7 in the report for directions PRESS F9 TO EXECUTE PROGRAM

INPUTS: Input areas draining to each trap (ha) OUTPUTS: Loads caught and costs
Trapping system| | commercial | residential m:;ﬁ;:l o | Total area LOADS AND COSTS
ha ha ha Litter load Total load
SEPT* 23 20 4 47 Total load transporied (in one year) 3700 kg wef 12900 kg wet
Trash racks 0 0 0 ] 14.5 m® 50.6 m*
LCD** 0 0 0 0 Load trapped (in one year) 2400 kg wel 6800 kg wet
CDS devices 15 30 4 49 9.4 m’ 26.8 m*
GPT 0 0 0 0 Percentage capture (by dry mass) 65 % 53 %
FDT*** 0 0 0 0
not trapped 0 54 0 54 Total installation costs ($}] 161,000
Annual maintenance costs ($)] 15,800
Total area 38 104 8 150
nter the ¢ teristi the traps listed below; i tem t m :
*SEPT density Between 157 and 235 SEPTs
The density of coverage of SEPTs in the catchments= 70 % Between 0 and O Frash racks
*+1.CD cleaning frequency Between 0 and 0 LCDs
Cleaning frequency for LCD device 30 days Between i1 and 5 CDS devices
*** FDT - proportion of waterway width covered Between 0 and 0 GPTs
Proportion of the waterway the trap covers (in width) 50 % Between 0 and 0 FDTs
Enter the adjustment factor for gross pollutant loads due to street cleaning: Definitions:
Pollutant load in relatien to Coburg (due to different management practices)= 100 % SEPT  Side entry pit traps
(see (3) in instruction sheet) LCD  Litter control devices
CDS Continuous deflective separation
The user should only change the numbers in italics GPT  Gross pollutant trap
FDT  Floating debris trap

PRESS F9 TO EXECUTE PROGRAM

Appendix A
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Appendix B

Appendix B

Locations and costs for three trapping systems applied to the case study catchment for 2 range of
different litter trapping efficiencies.

{D SEPT (75%) system
(ii) 1.CD / SEPT (85%) system

(iii)*  CDS device / SEPT (70%) system
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(i) _SEPT system at 75% density

Appendix B ~

Trapping INSTALL ANNUAL | EQUIVALENT
efficiency AREA TRAPPED |AREA NOT-TRAPPED COST MAIN. ANNUAL
(%) COSTS COST
SEPT system | com res. light-ind.| com res.  light-ind,
ha ha ha ha ha ha $000's $000's $000's
10 10 (] 1] 28 104 8 3 2.7 2.9
20 20 0 0 18 104 8 6 5.4 58
30 30 0 0 8 104 8 9 8.1 8.7
40 38 0 3 0 104 5 13 11.1 12.0
50 38 34 8 0 70 0 25 216 23.3
60 38 74 8 0 30 0 38 324 349
67 38 104 8 0 0 0 47 40.5 43.6
(i) L.CD (7 davs) / SEPT (85%) system
Trapping | Location of INSTALL ANNUAL [ EQUIVALENT
efficiency |LCDs shown| AREA TRAPPED JAREA NOT-TRAPPED| COST MAIN. ANNUAL
(%) in Figure 15 COSTS COST
LCD/SEPT cors, res.  light-ind.] com res.  light-ind.
ha ha ha ha ha ha $000's $000's $000's
10 A 7 7 0 31 97 8 36 23 35
20 B 15 7 i} 23 97 8 56 3.5 54
30 B 24 7 0 14 97 ] 59 6.3 84
40 B 34 7 0 4 97 8 63 9.3 11.7
50 D&E 27 52 5 i1 52 3 223 129 204
60 D&E 36 52 5 2 52 3 226 15.6 23.3
70 G 38 55 5 0 49 3 277 189 284
80 I 38 96 8 0 8 0 397 20.5 338
82 J 38 104 8 0 0 0 435 20.6 35.1
(iii) CBS / SEPT (70%) system
Trapping Ié’;;“;: ‘:f NSTALL | ANNUAL | EQUIVALENT
efficiency P AREA TRAPPED |[AREA NOT-TRAPPED MAIN. ANNUAL
shown in COST
(%) ) COSTS COST
Figure 15
CDS/SEPT cotn. res.  lightind.] com, res.  light-ind.
ha ha ha ha ha ha $000's $000's $000's
10 A 5 7 0 33 97 8 36 1.0 22
20 B 12 7 0 26 97 8 57 15 34
30 B 22 7 0 16 97 8 60 4.0 6.1
40 B 32 7 0 6 97 8 63 6.6 8.9
50 D 26 38 5 12 66 3 180 12 13.3
60 D 36 38 5 2 66 3 183 9.8 16.1
70 D+F 36 52 5 2 52 3 252 9.2 17.7
80 G 38 64 8 ¢ 40 0 284 11.0 20.6
90 H 38 96 8 0 8 0 345 16.5 283
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