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PREFACE
This document represents the final report of the CDS Monitoring Project that was
undertaken by Mosman Council over six months from July 2000 to January 2001.
The report describes the full details of the project’s background, objectives,
methodologies, results, and conclusions. A literature review that was undertaken for
the project is also included in APPENDIX A - LITERATURE REVIEW.
The first eight sampling rounds of the project were also undertaken as a university
thesis by the author. The thesis was undertaken in partial fulfillment for the
combined degree of Bachelor of Engineering (Civil & Environmental), Diploma of
Engineering Practice, at the University of Technology, Sydney (UTS).
The project organisation was as follows:
Sponsoring Stakeholders:
Mosman Council
Natural Heritage Trust
Client Organisation:
Mosman Council
Project Managers:
Warren Burgess, Mosman Council
Paul Davis, Mosman Council
Thesis Supervisor:
Dr Simon Beecham, UTS
Project Officer/Research Student:
Edwin Ho, Mosman Council/UTS
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ABSTRACT/SUMMARY
A CDS device is a very efficient type of Stormwater Quality Improvement Device
(SQID) that aims to reduce the total load of gross pollutants transported in urban
stormwater, from being discharged to receiving waters (Allison et al. 1998).
The design of a CDS device employs the process of ‘indirect screening’ to capture
and retain pollutants in a catchment sump for later removal. However, the design
and location of the catchment sump is such that the pollutants are retained under
water for a length of time until they are removed, which in practice can be for
prolonged periods.
As much of the urban stormwater gross pollutant load is comprised of organic
matter, the behaviour of the organics that can be retained in a CDS device has raised
concern from stormwater managers due to their potential for prolonged
biodegradation. Although the biodegradation of organic matter is a natural
occurrence in aquatic and terrestrial ecosystems, excessive amounts may produce
detrimental ancillary effects. The further potential for these ancillary effects to be
discharged downstream to receiving waters has also raised concern.
Scientific study into these concerns are minimal at this stage, however, a field study
by the CRCCH (Cooperative Research Centre for Catchment Hydrology) provided
an "insight" into the breakdown of pollutants by monitoring the water column within
a CDS device (Allison et al. 1998; Walker et al. 1999).
This project thus aimed at expanding on the "insight" provided by the CRCCH to
provide a better understanding of the biodegradation of the organics retained in a
CDS device. To achieve these objectives a sampling program was developed to
monitor the water column of a CDS device for typical by-products and ancillary
effects of biodegradation, and was undertaken over six months during one full
pollutant accumulation cycle of the catchment sump. The results were analysed on
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time series graphs with rainfall and pollutant accumulation data.
It was concluded from the results that prolonged periods of aerobic biodegradation
occurred during the sampling program, of which the effects were more pronounced
during dry periods and during the latter rounds of the program. It was also
concluded that anaerobic biodegradation was likely to have occurred in the
catchment sump during the latter rounds of the program. The ‘flushing’ or discharge
of the by-products and ancillary effects produced by biodegradation were also
apparent during rainfall events.
In addition, low, or acidic, levels of pH were also found in the catchment sump,
which is likely to effect the durability and life expectancy of the device’s structures.
Acidic levels are also likely to provide a potential for heavy metals that are attached
to sediments retained in the catchment sump, to speciate to solution in the water
column and be discharged by flushing effects.
The biodegradation of organics within a CDS device or a 'wet sump' SQID is
therefore a cause for concern towards the subsequent negative effects that may occur
to the downstream environment and their effect on the durability of the device's
structures. However, the potential for a CDS device to contribute to detrimental
environmental impacts must also be considered with their highly beneficial effect of
reducing gross pollutant and sediment loads.
More field studies of a similar nature are required to obtain more data and establish
the extent of the effects to downstream environments and/or methods to prevent or
reduce them. The structural design for durability of the devices should also
investigate adopting more conservative exposure classifications to account for the
acidic levels found in the catchment sump. The clean-out frequencies should also be
undertaken on more stringent regimes and based on time in addition to pollutant
accumulation.
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BACKGROUND
Urban stormwater pollution – focus towards amelioration

The transportation of pollutants in urban stormwater and the resulting detrimental
environmental impacts towards receiving waters, have not been well recognised until
the relatively recent period of the last three decades (Tang 1994).
Prior to this period, the objectives of urban stormwater management had primarily
focused on quantity issues such as flood mitigation and hydraulic efficiency. These
objectives have established stormwater infrastructure throughout urban areas that are
designed for the primary function of draining runoff from surfaces with efficiency.
This design has ensured that much of the pollutants that are suspended by runoff are
transported until they reach receiving waters.
The effects of urban development have also exacerbated the problem, resulting in
larger and more detrimental pollutant loads generated from the land-use activities of
urban catchments. In addition, the larger runoff flows produced from the increasing
amounts of impervious areas have larger energies to transport larger loads and
greater types of pollutants (Chiew 1997).
During the last three decades however, the increasing number of technical papers and
conferences on the subject has indicated a significant global increase in awareness
towards the urban stormwater pollution problem and its need for amelioration
(Morison 2000). As a result, the evolving paradigm in urban stormwater
management now integrates water quality issues with the traditional water quantity
issues.
This evolution is underlain by legislative measures, such as in April 1998, the NSW
Environment Protection Authority (EPA) directed the majority of NSW Councils and
other authorities responsible for the management of stormwater, to prepare
Stormwater Management Plans (SMPs) under Section 12 of the Protection of the
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Environment Administration Act 1991 (Willing Partners and Clouston 1999). SMPs
are regional based stormwater management strategies that document the framework
of action to implement stormwater treatment measures identified for each catchment.
In addition to legislative measures, the NSW State Government and the Federal
Government of Australia have provided financial assistance through competitive
grant initiatives. These grant initiatives support projects that implement measures
identified in the SMPs, including projects that aim to enhance, protect, and restore
the environmental value of areas affected by stormwater pollution. These projects
may involve the implementation of structural measures that employ innovative and
relatively new techniques that have not had extensive field-testing. Consequently,
these structural measures may result in unanticipated negative impacts and thus have
a need for monitoring in the field (VSC 1999).
1.2

Overview of the transportation of pollutants in urban stormwater

The transportation of pollutants in urban stormwater arises predominantly from the
physical processes of suspension and displacement of pollutants that have
accumulated on catchment surfaces by runoff produced from a rainfall event. The
two main processes involved are termed ‘buildup’ and ‘washoff’, and are described
below (Singh 1995; Chiew 1997):
Buildup – The physical accumulation of pollutants on catchment surfaces, due to the
complex anthropological and natural loading processes that occur during the
antecedent dry period of a rainfall event.
Washoff - The physical suspension and displacement of pollutants accumulated on
catchment surfaces during the buildup process, by runoff produced from a rainfall
event.
The resulting dynamics of the above two processes causes a highly variable
composition of pollutants to be transported in urban stormwater runoff. This is

3
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because the buildup processes can provide varying types and amounts of pollutant
loads on catchment surfaces, depending on the land-use activities and the natural
processes that occur. The washoff process that then determines the ultimate fate of
the loaded pollutants can also vary depending on rainfall and runoff characteristics.
Thus, pollutants can range from very large solid materials such as tree branches and
shopping trolleys, to very fine and dissolved substances such as nutrients, toxicants,
and aqueous compounds (Chiew 1997). The full range of pollutants can be classified
by size into the following five categories (in decreasing order of size):
Pollutant Category

Size range

Gross pollutants (organics, anthropogenic litter)

> 5000 µm (5 mm)

Coarse sediment (gravel, sand)

5000 - 500 µm

Medium sediment (sand, silt)

500 - 62 µm

Fine sediment/attached pollutants (silt, nutrients, heavy
metals)

62 - 0.45 µm

Dissolved/aqueous pollutants (dissolved solids, nutrients,
heavy metals, organic toxicants, microbiological species)

< 0.45 µm

Table 1.2.1 Pollutant categories by size (adapted from VSC 1999)
1.3
1.3.1

Overview of the removal of pollutants from urban stormwater
Pollutant removal processes

The removal of pollutants from stormwater involves a number of different processes,
which each require an optimum hydraulic loading rate, or velocity of the stormwater
flow, to be achieved for each process to be effective. The hydraulic loading rate is
predominantly dependent upon the size of the pollutant, which decreases as the size
of the pollutant decreases. The processes range from simple primary processes to
more advanced secondary and tertiary processes, as shown in Figure 1-1.
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Structural Treatment Measures

Stormwater
Pollutant
Categories

Primary Processes
(screening, sedimentation)

(by size range)

Secondary Processes

Tertiary Processes

(enhanced sedimentation,
filtration)

(adhesion, biochemical
uptake)

Approximate hydraulic
loading rate required for
pollutant removal
V=
Qdesign/Afacility (m/year)
1,000,000

Gross pollutants
> 5000 µm (5 mm)

floating
litter
traps

diffuse
litter
traps

net screening systems
traps (direct, indirect)

100,000

Coarse sediment

10,000

5000 - 500 µm
Medium sediment
500 – 62 µm
Fine sediment/
attached pollutants

sedimentation
basins

2,500

vortex separators

filtration (natural, synthetic
mediums)

wetland systems

50

62 – 0.45µm
Dissolved pollutants

10

< 0.45 µm

Figure 1-1 Basic overview of structural treatment measures in urban stormwater pollution control showing pollutant removal range (does
not reflect range of efficiency) and estimated hydraulic loading rate (adapted from VSC 1999)
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Primary processes, which aim to separate the solids from the stormwater flow by
physical means are required for the removal of the larger solid pollutants, such as
screening and sedimentation. Secondary processes such as advanced sedimentation
and filtration are required to remove the finer solids, as these pollutants are too small
for primary processes to be effective. For the removal of dissolved and aqueous
pollutants, more advanced tertiary processes, such as adhesion and biochemical
uptake are required, as these pollutants are well entrained in the liquid phase and
cannot be effectively separated by primary or secondary processes.
The application of these treatment processes to existing urban drainage systems,
requires the installation or ‘retrofitting’ of structural treatment measures that employ
these processes (Tang 1994). In this report, these structural treatment measures are
referred to as 'Stormwater Quality Improvement Devices' (SQIDs), although they are
also referred to in practice as 'Gross Pollutant Traps' (GPTs) or 'Pollution Control
Devices' (PCDs).
1.3.2

Difficulties in the structural treatment of urban stormwater

The characteristics of urban catchments can provide that substantial volumes and
velocities of stormwater flows can be produced from single rainfall events, relative to
other water treatment flows such as sewer and water supply. Combined with the
variable and unpredictable nature of environmental hydrology, this results in
limitations for the structural treatment of stormwater to remove the entire range of
pollutants, and in particular the smaller pollutants. This is because it is not possible
to implement the number of treatment measures required to remove the entire range
of pollutants without substantially compromising the ability of the drainage system to
serve its primary purpose of preventing flooding. In addition, the large land areas
that are required to capacitate the extremely low hydraulic loading rates to remove
the smaller pollutants are commonly not available or economically feasible in most
urban developed areas.
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Thus, the removal of the entire range of pollutants from urban stormwater is not
achievable to date, and the success of SQIDs has been limited to the removal of the
gross pollutants and to a lesser degree the coarse and medium sediments. These
limitations, coupled with the complex, variable, and unpredictable nature of
environmental hydrology, has resulted in a wide variety of SQIDs that have been
developed to date, some of which are more effective than others in certain situations.

7

Mosman Council

2
2.1

CDS Monitoring Project – Final Report: Monitoring the
Biodegradation of Organics Retained in a CDS device

INTRODUCTION
Overview of the CDS design

A CDS device is a type of SQID that utilises the process of ‘indirect screening’ to
separate solid pollutants from the stormwater flow and retain them in the device for
later removal (Walker et al. 1999). See Figure 2-1 for a schematic cross-section of a
CDS device in elevation view and Figure 2-2 for a schematic diagram in plan view.
The diversion weir and cylindrical shape of the device causes the influent to flow in a
circular motion, and tangentially against the inner face of the cylindrical mesh screen
bordering the inside of the device. This design ensures that the screen is kept clear of
pollutants, as the solids are forced across the screen rather than against the screen, as
adopted by ‘direct screening’ techniques (Wong 1997). As the screen is continually
kept clear of pollutants, except in extremely high flow situations, the screen can
function throughout the entire rainfall event and subsequent rainfall events. This
provides an advantage over some ‘direct screening’ systems, where pollutants may
accumulate against the screen as the rainfall event progresses and during subsequent
rainfall events, which will reduce the effective area of the screen and thus the
hydraulic treatment capacity of the system.
The pollutants that are retained by the CDS screen accumulate either at water level
(floatables), or in the catchment sump below (heavier and waterlogged pollutants).
The treated stormwater that passes through the screen apertures is then channeled
around the outside of the screen and towards the outlet of the device.
These processes similarly occur for subsequent rainfall events until the accumulated
pollutants are removed by a process termed a ‘clean-out’, which can be performed by
mechanical excavation with a clamshell grab truck, removable sump collection
basket, or ‘eduction’ (high powered suction truck).
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Figure 2-1 Schematic cross-section of a CDS device and internals in elevation view
(CDS Technologies n.d.)

Figure 2-2 Schematic diagram of CDS device in plan view (CDS Technologies n.d.)
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The CDS device has been estimated to be very efficient (99 %) at retaining gross
pollutants from the stormwater flow (Allison, Walker, Chiew, O’Neill and McMahon
1998) (see APPENDIX A - LITERATURE REVIEW). Pollutants that are smaller
than the screen apertures can also settle in the catchment sump, as the reduction in
hydraulic loading rate through the device will result in the sedimentation of some
solids. However, the effectiveness for a CDS device to retain these pollutants is
considered an ancillary benefit, which has not been as comprehensively analysed in
the field as for gross pollutants (Walker et al. 1999).
2.2

Overview of CDS catchment sump design

Due to the design and location of the catchment sump, the pollutants that are retained
in the catchment sump remain submerged for a length of time until they are removed
by a clean-out (see Figure 2-1). This type of SQID design is commonly classified in
practice as a 'wet sump' SQID. A clean-out is usually undertaken at the time when
the capacity of the catchment sump is reached, which is variable depending on the
pollutant loading and catchment characteristics of the device, and the hydraulic
design of the device itself. However, in practice certain conditions may provide that
a device will not be cleaned for up to eight months (Mosman Council n.d.).
2.3

Previous field studies on CDS devices

Results from composition analyses of material taken out at clean-outs consistently
show that large amounts of organic (vegetative) matter can be retained by a CDS
device (Allison et al. 1998; Ignacio 2000; Mosman Council n.d.). These organics
may provide an abundant source of food for decay microorganisms such as harmful
faecal bacteria, which are commonly present in stormwater (Duncan 1999). The
decomposition of organic compounds to inorganic compounds by decay
microorganisms forms the process of biodegradation (Connell 1993; Peirce et al.
1998) (see APPENDIX A - LITERATURE REVIEW).
Previous studies have noted concern about the potential aerobic and anaerobic
10
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biodegradation of these organics as they are retained in the catchment sump until
clean-out (Kurupu 1999; Walker et al. 1999) (see APPENDIX A - LITERATURE
REVIEW). Instances of higher levels of nutrient concentrations were found within
the water column of a CDS device over time in a field study by the CRCCH (Walker
et al. 1999). These increases were attributed to the production of inorganic nutrient
compounds in the water column from the transformation of organic nutrients retained
in the catchment sump by processes of biodegradation (Walker et al. 1999). Kurupu
(1999) found a 6 % increase of BOD downstream of a CDS device during rainfall
events, and suggested that this may have also been due to the processes of
biodegradation in the catchment sump. Kurupu (1999) also suspected that
observations of rising gas bubbles and strong ‘rotten egg’ odours from a CDS device
were due to the formation of hydrogen sulphide, a highly toxic substance that is
produced from the anaerobic biodegradation of organic matter. Further to this,
Mosman Council has received inquiries from the public and nearby business owners
regarding intermittent odours that are emitted from the devices between clean-outs
and stronger odours that are emitted during clean-out events.
2.4

Problem posing and initiation of objectives

The environment within a CDS device may thus provide for a potential for excessive
amounts of aerobic biodegradation, and during extended periods between clean-outs,
anaerobic biodegradation. Aerobic biodegradation in excessive amounts may result
in the transformation of stable nutrients to more biologically available nutrients, the
increase of decay microorganisms such as harmful bacteria, the depletion and
increase on the demand of DO, and if anaerobic conditions occur, the production of
highly toxic compounds.
The discharge of these effects to downstream receiving waters may then result in
nutrient enrichment, increase of harmful bacteria, increase on the demand for DO,
reduction of DO levels, and the discharge of toxic compounds. These effects may
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consequently provide greater potential for detrimental environmental phenomena
such as ‘environmental shock’, ‘eutrophication’ or algal blooms, and the reduction of
biodiversity through ‘species kills’ (Connell 1993).
Due to these concerns, a greater understanding of the biodegradation of organics
retained in a CDS device is required and is the subject of this monitoring project.
Monitoring in the field will also provide a scientific basis for any recommendations
to minimise or prevent the occurrence of detrimental ancillary effects.
2.5

Statement of Objectives

The objectives of the CDS Monitoring Project were to:

1) Develop a better understanding of the
biodegradation of the organics that are retained
in a CDS device.
2) Expand on the CRCCH field study that
provided an "insight" into behaviour of the
pollutants that are retained in a CDS device
(Allison et al. 1998; Walker et al. 1999).
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SCOPE OF WORK

3.1

Context of Project

The CDS Monitoring Project was an essential component of the Balmoral
Stormwater Management Project (BSMP) - Stage 3, which was undertaken to
achieve Mosman Council’s integrated stormwater management approach. The
approach aims to incorporate non-structural measures, such as monitoring, and
community education and awareness, with the structural components of its
stormwater projects.
The structural component of the BSMP - Stage 3 involved the installation of two
CDS devices in the Balmoral Beach North Sub Catchment, which was completed in
July 2000 (see Table 3.4.1). The devices were also installed as part of a regional
environmental strategy outlined in the Middle Harbour Catchment SMP, and
identified as HB4a and HB4c. See Figure 3-1 to view the locations of these devices
in the Balmoral Beach North Sub Catchment.
3.2

Subject device of the project

To keep within the budgetary constraints of the project, only one of the two CDS
devices that were installed as part of the BSMP - Stage 3 was monitored. HB4a was
chosen as the most suitable to monitor due to better site access and sampling depths.
3.3

Areas of Work

The following areas of work were undertaken, the methodologies of which are
described in section 4:
1.

Sampling Program

2.

Pollutant Accumulation Monitoring

3.

Rainfall Monitoring

13
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Project/Site details

Site code

HB4a

Location description

Balmoral Beach Reserve - The Esplanade, Mosman
(adjacent to the ‘Bathers Pavilion’ restaurant
driveway see Figure 3-2 for site map).

SQID Type/Model

CDS P2018 (2 m diameter screen, pre-cast reinforced
concrete unit, see Figure 4-1 for cross-section
diagram).

Hydraulic details

HB4a is designed to treat all flow rates up to 0.53m3s-1, which is higher than the three month ARI
event, and equates to approximately 97 percent of the
total flow.

Catchment information

HB4a is designed to treat a 5.5 hectare sub-catchment
of the Balmoral Beach North Sub Catchment (see
Figure 3-1 for catchment map).

Construction dates

12 June 2000 - Construction commenced
21 June 2000 - SQID structure components installed
and connected to existing drainage line
12 July 2000 - Presiding water in SQID pumped out
and screens installed (Construction fully complete)

Sampling Program dates

14 July 2000 - Sampling Program commenced
(Round 1)
11 January 2001 - First clean-out of HB4a
16 January 2001 - End of Sampling Program (Round
12)
Table 3.4.1 Project/Site Details
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Figure 3-2 Site Map
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METHODOLOGIES

4.1
4.1.1

Sampling Program
Overview

A literature review was undertaken to review previous field studies of CDS devices
and to develop the methodologies of the sampling program (see APPENDIX A LITERATURE REVIEW).
The methodologies of the sampling program were thus based on a previous field
study on a CDS device undertaken by the CRCCH described by Allison et al. (1998)
and Walker et al. (1999). A brief summary of the CRCCH field study's methodology
is provided in the following section. In addition, other literature sources that were
used to develop the sampling methodologies to accepted procedural and analysis
standards include EPA NSW (1995), EPA VIC (1995), AS/NZS (5666.1:1998),
AS/NZS (5667.4:1998), EPA NSW (1998), and APHA (1998).
4.1.2

Summary of CRCCH field study methodology

The CRCCH field study aimed to provide an "insight" into the breakdown of the
pollutants retained in a CDS device over time (Allison et al. 1998; Walker et al.
1999). The methodology involved collecting grab samples of water from within a
CDS device at irregular intervals during dry weather. The grab samples were taken
from three fixed locations throughout the sampling program: at 1 m below the water
level (top), at 2.5 m below the water level (middle), and at the bottom of the water
column (bottom - just above the solids layer of the pollutants in the catchment sump).
These samples were then analysed for concentrations of TSS, TP, and TN only.
The study found increases of TP and TN, which were attributed to the production of
nutrient compounds, that are produced from the biodegradation of organic matter
(Walker et al. 1999). However, there are many different compounds of phosphorus
and nitrogen within TP and TN and some are not by-products of biodegradation
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(Wong et al. 2000). It was thus proposed for this project to expand on the analytes
selected from the CRCCH study, to include all forms of phosphorus and nitrogen
within TP and TN and other analytes that indicate associated effects.
4.1.3

Sampling program objective

The objective of the sampling program was:
To obtain enable the analysis of temporal fluctuations of selected analytes within the
CDS device HB4a based on the CRCCH field study (Allison et al. 1998; Walker et
al. 1999).
4.1.4

Selected Analytes

To indicate the presence of compounds or by-products that are typically produced
from the biodegradation of organic matter, Table 4.1.1 shows a list of all of the
analytes that were selected to be tested (see APPENDIX A - LITERATURE
REVIEW). All samples were tested for the selected analyte concentrations at a
NATA registered laboratory and carried out in accordance with APHA (1998) or as
listed in Table 4.1.1.
4.1.5

Sampling locations

Samples were collected at the following three fixed depths and directly above the
centre of the inspection hatch (Allison et al. 1998; Walker et al. 1999) (see Figure
4-1):
1. 1 m below the surface level of the water in the separation chamber –
referred to as the ‘Top’ location.
2. 2 m below the surface level of the water in the separation chamber –
referred to as the ‘Middle’ location.
3. 0.2 m above the level of the accumulated pollutants – referred to as the
‘Bottom’ location (the depth at this location is variable depending upon
the height of the solids layer in the catchment sump).
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Analytes by category (adapted from EPA 1995)

PhysicoChemical

Dissolved Oxygen (DO)

5210B APHA
(1998)

Biological Oxygen Demand (BOD)

5210B APHA
(1998)

Chemical Oxygen Demand (COD)

5220B APHA
(1998)

pH (Acid-Base Indicators)

4500B APHA
(1998)

Total Suspended Solids (TSS)

2540D APHA
(1998)

Total Phosphorus (TP)

4500BE APHA
(1998)

TP subanalyte

4500F APHA (1998)

Orthophosphate (PO4-3-P)

Total Nitrogen (TN)
Inorganic
Chemical

TN subanalytes

Microbiota

Method of Analysis

Calculation (TN =
TKN + NOx-N)

Total Kjeldahl Nitrogen
(TKN = NH3-N + Organic N)

4500BC APHA
(1998)

Oxidised Nitrogen Nitrates/Nitrites (NOx-N)

4500F APHA (1998)

Ammonia Nitrogen (NH3--N)

4500D APHA
(1998)

Faecal Coliforms (FC)

AS (4276.7:1995)

Faecal Streptococci/Enterococci (FS)

AS (4276.9:1995)

Table 4.1.1 Summary of selected analytes and procedural analyses
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Figure 4-1 Cross-section diagram of HB4a (including sampling locations)
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Sample collection methodology

4.1.6.1 Sample collection equipment
To obtain grab samples of water at the required sampling locations, the following
items of equipment were used (see Figure 4-2 to view a photograph of sampling
equipment at HB4a site, immediately prior to sampling):
•

Hand-powered pump (neoprene valve) (EPA VIC 1995).

•

Reinforced PVC inlet tube (5.5 m) with measurement markings to
identify appropriate sampling depth.

•

PVC outlet tube (0.5 m).

•

PVC Mesh gauze (3 mm apertures) to cover the end of the inlet
tube to prevent large solids (gross pollutants) from being drawn into
the inlet tube.

•

'Sinker' attached to the end of the inlet tube to weigh the end of the
inlet to the required sampling depth (watertight bottle filled with
cement and sealed with silicone).

•

Eskie, sampling containers and other consumables (e.g. gloves, deionised water, ice, plastic bags etc.).

4.1.6.2 Determination of pumping requirements
As the three sampling locations were at different depths within the device, it was
necessary to ensure that the water collected at each sampling location was taken only
from the required depth. Thus, once the inlet tube was lowered to the appropriate
depth and immediately prior to sampling, it was necessary to determine the pumping
requirements to clear the presiding water in the inlet tube at each depth. It was also
necessary to determine the appropriate pumping rate (per stroke of the manual hand
pump) to flush the sampling equipment and fill the sampling containers at a slow and
constant rate to reduce turbulence and oxygenation of the samples. A trial was thus
21
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undertaken during the first sampling event and prior to the samples being taken at
each level. A visual assessment of the required flow rate was made and the
corresponding pumping rate was estimated to be two strokes of the pump (one up
and one down) per two seconds. At this pumping rate, the top, middle and bottom
depths were estimated to require at least 10, 20, and 30 strokes respectively to clear
the inlet tube of the presiding water.
4.1.6.3 Sample collection procedure
Manual grab samples were obtained from HB4a in sequential order of the top,
middle, and bottom locations, by the following procedural steps:
•

The site and sampling equipment was established.

•

All sampling equipment was rinsed and flushed with de-ionised
water.

•

The inlet tube was slowly lowered through the inspection hatch and
to the appropriate sampling depth. The depth of the top and middle
locations were determined by measurement markings on the inlet
tube. The bottom depth was determined by the known depth to the
solids layer, which was previously determined by data from
monitoring the accumulation of pollutants (see section 4.2).

•

Once the end of the inlet tube reached the appropriate sampling
depth, the inlet tube was cleared of the presiding water by the
pumping the previously described requirements, to ensure that the
water sample was obtained from the required depth. This pumping
was then continued to flush and rinse the sampling equipment and
containers with the water from the required sampling depth. The
faecal containers, however, were filled without rinsing as
recommended by accepted sampling literature (APHA 1998).
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The sampling containers were filled immediately with the water
from the required sampling depth.

•

The sample bottles were then placed in separate plastic bags in an
eskie partially filled with ice, and then transported immediately to a
laboratory for analysis.

•

Cleaning procedures were also undertaken before and after each
sampling event to minimise the effects of contamination for
subsequent sampling rounds (see section 4.1.7.1).

4.1.7

Quality Assurance and Quality Control

Field blanks, laboratory blanks, and replicate samples were undertaken to determine
contamination and/or precision methods undertaken by the sampling program. The
results of the QA tests are included in APPENDIX B - DETAILED RESULTS OF
SAMPLING PROGRAM. Chain of custody procedures were also undertaken to
record the delivery of the samples from the project site to the laboratory (see
APPENDIX C - SAMPLE CHAIN OF CUSTODY FORM for a sample Chain of
Custody form).
4.1.7.1 Cleaning of equipment
•

Prior to each sampling event (approximately 12 hours), all
sampling equipment was thoroughly cleansed by rinsing with tap
water, followed by rinsing for at least 3 minutes with extremely hot
tap water. The equipment was then rinsed and flushed with de-ionised
water. The equipment was then left to dry out of sunlight.

•

Immediately after each sampling event, all sampling equipment
was thoroughly cleansed by rinsing with tap water. All equipment
was then left to dry and stored out of sunlight.
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Sampling duration/frequency

The sampling program commenced once dry-weather flow filled HB4a with influent
stormwater after the device was fully installed (see Table 3.4.1 Project/Site Details).
This also enabled baseline concentrations of the selected analytes at the three
locations to be obtained.
The frequency of sampling was based on budgetary constraints, which was
determined to be every 17 days. However, the actual sampling date for each event
was randomised to enable the future application of statistical models with a known
bias (Singh 1995).
The program continued for 6 months until data was obtained from one full pollutant
accumulation cycle (i.e. until the first clean-out). A sampling event was also
undertaken soon after the first clean-out to determine the effects of a clean-out and
compare with the baseline concentrations of the first sampling event.
4.2

Pollutant Accumulation Monitoring

The accumulation of pollutants was monitored at least once per week for the duration
of the sampling program by obtaining the height of the solid pollutant layer in the
catchment sump. The height of the solid pollutant layer was converted to a
proportion of the height of the catchment sump to provide an estimate of the
percentage of pollutants in the catchment sump by volume. This proportion was
referred to as ‘percentage full’ (% full).
The height of the pollutant layer was obtained as follows:
•

The distance between the surface level and the top of the solids
layer in the catchment sump was measured with a surveying staff by
lowering the surveying staff by self-weight into the device. When the
staff came to rest on the top of the solids layer, the measurement was
then taken and recorded (see Figure 4-3 to view a photograph of the
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process).
•

The measurement was then subtracted from the known distance
between the surface level and the bottom of the catchment sump to
give the height of the accumulated layer of pollutants in the catchment
sump (see Figure 4-1).

4.3
4.3.1

Rainfall Data Collection
Automatic rain gauge - station number 66184

All rainfall events during the project were recorded by an automatic ‘tipping bucket
rain gauge’, which recorded the time (hh:mm:ss) for every 0.2 mm of rainfall. The
automatic rain gauge was installed especially for this project by the Bureau of
Meteorology as an official rain gauge (Station Number - 66184). Station 66184 was
installed in an adjacent catchment (Rawson Oval, Mosman) and approximately 1.3
km from HB4a the validity of which is discussed below.
4.3.2

Validity of rainfall data

As 66184 was installed in an adjacent catchment, the data from 66184 was compared
with data from another official Bureau of Meteorology rain gauge - Station Number
66042 to check the validity of the data. This rain gauge is located at Bapaume Rd,
which is approximately 1 km from HB4a and approximately 2 km from 66184.
The data from the two rain gauges were correlated on a Double Mass Curve, the
results of which will be discussed in section 5.3.1.
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Figure 4-2 Photograph of HB4a and sampling equipment

Figure 4-3 Photograph of measuring depth to solids layer
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RESULTS/DISCUSSION

5.1

Sampling Program

Twelve rounds of sampling were undertaken during one full cycle of pollutant
accumulation of HB4a. The full tabulated results of the program are included as
APPENDIX B - DETAILED RESULTS OF SAMPLING PROGRAM.
5.1.1

Time Series Analysis

The data from the sampling program was analysed by 'time series analysis' methods.
Time series analysis involves the investigation of component movements present,
into factors of trend, cyclic, seasonal and irregular movements, by decomposition
techniques to enable the estimation of future movements (Spiegel 1992). However,
as the objective of the project was to develop an understanding of the present
movements, and not to predict future movements or trends, the time series analysis of
the sampling program data only involved the basic investigations of the component
movements present. The data obtained from the sampling program was thus
displayed on time series graphs (see Figure 5-1 to Figure 5-14) and discussed in
following sections.
5.1.2

Physico-Chemical Analytes (DO, BOD, COD, pH, TSS)

DO – Dissolved Oxygen (Figure 5-1 to Figure 5-2):
At round 2, DO concentrations ranged between 7.3 - 10.1 mg/L for the three
locations, which is above the 6 mg/L concentration level recommended for the
protection of aquatic systems (ANZECC 1992) (see Figure 5-1). These levels were
expected, as the microbial activity would have been low due to the relatively low
amounts of organics in HB4a at this early stage of the program (see Figure 5-2). DO
was not obtained at round 1, due to an omission error by the testing laboratory.
However, it is likely that the DO levels at round 1 would have been comparable or
slightly greater than the levels at round 2.
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As the program progressed through to round 4, DO at all locations declined sharply
to levels ranging between 2.7 - 4.8 mg/L. This large decline can be attributed to the
increasing consumption of DO in the water column of HB4a from the biodegradation
of organic matter in the catchment sump by aerobic heterotrophs, which are primarily
bacteria (ANZECC 1992). This is evidenced by the high bacteria levels discussed
for faecal coliforms (FC) and faecal streptococci (FS) (see section 5.1.4), and the
increasing amount of pollutants, and hence organics, that were accumulated in the
catchment sump at round 4.
The decline of DO at all locations continued from rounds 4 to 11, apart from the top
location at rounds 9 and 10, which is discussed in the following paragraph. During
rounds 8 to 11, DO reached alarmingly low levels, ranging from 0.6-3.1 mg/L at the
top, 0.6-1.0 mg/L at the middle, and 0.8-1.0 mg/L at the bottom locations. This can
be attributed to the already low levels of DO at round 4 discussed previously, and the
continual accumulation and biodegradation of the organics. This prolonged
depletion of DO to very low levels by excessive aerobic biodegradation, indicates
that anaerobic biodegradation was also likely to have occurred in the catchment
sump during rounds 8 to 11.
At rounds 9 and 10, and after relatively large amounts of rainfall, the top location
actually showed an increase of DO, before declining to a very low level of 0.6 mg/L
at round 11 after a period of relatively low rainfall. The increase in DO can thus be
attributed to the 'flushing' or replacement of the presiding water in HB4a with
stormwater influent produced from the rainfall events, as the influent would have had
a much higher concentration of DO than the presiding water in HB4a. The decline in
DO at round 11 can thus be attributed to the processes of biodegradation, which were
then able to deplete the DO from the presiding water at the top location during the
absence of significant flushing.
The middle and bottom locations, however, did not show any significant increases of
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DO during the flushing effects discussed for the top location at rounds 9 and 10. In
addition, DO did not show any significant increases at any of the three locations after
smaller rainfall events during the program, and relative to the down spikes observed
for the other analytes (see following analyte discussions).
This may be due to the relatively large duration between the sampling rounds
(average interval of 17 days), as in a short time after the presiding water was
replaced by 'fresh' influent, the processes of biodegradation may have acted to
deplete the levels of DO from the middle and bottom locations before the sampling
events were undertaken. This suggests that the processes of biodegradation may
effect DO in a relatively shorter time than the other analytes. However, it is
recommended that future monitoring should obtain more frequent samples, to
observe the depletion of DO from the water column immediately after a rainfall
event.
The clean-out performed between rounds 11 and 12, was performed by ‘eduction’, a
method that removes all of the pollutants in the device, including the presiding water
by a high powered suction truck. Thus, the water that was sampled at round 12, was
stormwater influent, which had a presiding life in HB4a of only five days. DO at
round 12 thus recorded relatively high concentrations of 5.3, 2.5, and 2.9 mg/L for
the top, middle and bottom locations respectively. These concentrations, however,
were not as high as expected, relative to the baseline concentrations (taken as round
2). One explanation for this may be the possible microbial activity that may have
depleted some of the DO in the water column during the five days between the cleanout and the sampling event at round 12, as it has been discussed that the processes of
biodegradation may deplete DO in a relatively short time. Further to this, although
the amount of accumulated pollutants was low at this stage, the microbial activity
may have occurred from the residual layer of dark semi-solid material that was
observed to be established on the walls of the catchment sump after the clean-out.
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This material has been found to be present along the walls and inner linings of
wastewater infrastructure, and has been found to have significant microbial activity
(Cao 1994). Future studies should investigate the accumulation of this material.
Another observation to note is that DO showed some signs of stratification during the
program with lower concentrations of DO at the middle and bottom locations. This
indicates that there is a source of depletion of DO from the lower areas of HB4a and
thus provides further indication of the biodegradation of organic matter in the
catchment sump.
With regards to the method of determining DO concentrations in the water column of
HB4a, it is important to note that the analysis of DO concentrations in water bodies
is best obtained in-situ by a probe, as sampling and transportation procedures may
affect the oxygen levels of the sample (EPA NSW 1995). However, due to
budgetary constraints, and as the objective of the project was to observe the
fluctuations of DO and not to characterise the actual DO concentrations of the water
column of HB4a, it was determined that DO could be analysed from samples at a
laboratory. In addition, strict sampling and chain of custody procedures were
implemented to minimise any variance in the effects from sampling and
transportation. This is confirmed by Quality Assurance procedures that were
undertaken (see APPENDIX B - DETAILED RESULTS OF SAMPLING
PROGRAM).
BOD – Biological Oxygen Demand, and COD - Chemical Oxygen Demand
(Figure 5-3 to Figure 5-5):
BOD and COD are strong indicators of biodegradation (Wong 2000). Consequently,
the instances of high levels and increases of BOD in the water column of HB4a, can
be attributed to the demand for DO from the microbial activity that decomposes
organic matter in the catchment sump (see Figure 5-3). This demand for DO from
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biological activity is correlated by the previously discussed decreases of DO during
the course of the program. In addition, the instances of high levels and increases of
COD in the water column of HB4a, can be attributed to the demand for DO by the
chemical oxidation of nutrients that are transformed as a result of the biodegradation
of organic matter in the catchment sump (see Figure 5-4). This demand for DO from
the chemical oxidation of nutrients is correlated by the production and instances of
high levels of PO4-3 and NH3- in the water column of HB4a (see 5.1.3).
The baseline concentrations at round 1 were relatively low at all locations as
expected, ranging from 0-20 mg/L for BOD and 40 – 50 mg/L for COD. The
concentrations of BOD and COD showed some variability during the program,
although the two analytes showed strongly correlated fluctuations with COD levels
being consistently higher than BOD (see Figure 5-5). This correlation between BOD
and COD can be expected, as it has been established by Eaton that for samples of a
given source, COD can be related empirically to BOD (Wong et al. 2000). The time
series graphs of BOD and COD (see Figure 5-5) show three notable and consecutive
patterns during the program, which are discussed below.
The first pattern was a relatively small up-spike at round 2 for the bottom location
only. The increasing part of the spike, which was relatively small compared to the
other increases during the program, can be attributed to a slightly higher demand for
DO from the early stages of microbial activity in the catchment sump also evidenced
by the low amount of organics in HB4a at this round (18% - see Figure 5-15). The
decreasing part of the spike to low levels at round 3 can be attributed to flushing
effects, as the samples were taken a day after a rainfall event and the influent would
have had a much lower concentration of BOD and COD than the presiding water in
HB4a.
The second pattern, also for the bottom location only, was an 'arch' shaped pattern of
high concentrations of BOD and COD from rounds 4 to 6 with a peak at round 5.
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The large increase of BOD and COD at round 4, directly correlates with the
previously discussed large decrease of DO at round 4 (see Figure 5-1). The
continuance of the high levels with a peak at round 5, also correlates with the
ongoing decreases of DO. Thus, the high levels of BOD and COD at the bottom
location can be attributed to the high demand for DO by the biodegradation of
organic matter in the catchment sump. These high levels of BOD and COD also
coincide with a period of very low rainfall during September 2000, which suggests
that in the absence of significant flushing, the demand for DO in the water column is
much more significant compared to the demand for DO in the presence of rainfall
events. The large decrease at round 7 can be attributed to flushing effects from
rainfall events that occurred preceding round 7, as the influent would have a much
higher BOD and COD concentrations than the presiding water in HB4a.
The third pattern was a series of increases of BOD and COD at all locations from
rounds 8 to 11, with a peak at round 11. These increases were highest at the bottom
location, with the middle location relatively similar to the bottom and in some
instances higher than the bottom location. The top location showed much lower
increases than the middle and bottom locations. Notably during rounds 8 to 10 of
this pattern, were the gradual and relatively small increases, with some instances of
decreases, which coincided with a period of relatively large amounts of rainfall.
Also notable was a significantly larger increase of BOD and COD concentrations at
round 11, which coincided with a period of very low rainfall.
As DO was depleted to very low levels during all of the rounds of this pattern, the
gradual increases of BOD and COD at all locations can thus be attributed to the
continuing processes of biodegradation from the catchment sump. In addition, as the
increases of BOD and COD were apparent at all locations during rounds 8 to 10 as
opposed to only the bottom location observed for the first two patterns (rounds 1 to
7), this suggests that the processes of biodegradation in the catchment sump are
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much more significant or advanced during the latter rounds of the program. It should
be noted, however, that the concentrations of BOD and COD during rounds 8 to 10
were actually lower than the levels during rounds 4 to 6. One explanation for this
could be the large amounts of rainfall that preceded rounds 8 to 10, may have acted
to flush or discharge these effects downstream. The fresh influent may also have had
an oxygenating or dilutionary effect on both the water column of HB4a and the
solids layer in the catchment sump due to the fact that the influent was likely to have
had a much higher level of DO than the presiding water in HB4a, thus lowering the
biological and chemical demand for DO in the water column of HB4a.
Following the relatively small increases in BOD and COD during rounds 8 to 10,
was the large increase of BOD and COD at round 11, which occurred during a period
of relatively minimal rainfall. This increase can thus be attributed to the effects of
biodegradation in the absence of significant flushing, oxygenation, and dilution.
Samples collected at round 12 showed very low concentrations of BOD and COD as
expected because the device was cleaned after round 11.
The assumptions that the effects of flushing may discharge the effects of
biodegradation downstream of a CDS device, is confirmed by Kurupu (1999), whom
found a 6 % increase of BOD downstream of a CDS device during rainfall events
and inferred that this may be due to the processes of biodegradation in the catchment
sump. In this regard, it is recommended that future monitoring should analyse
samples taken from upstream and downstream of a 'wet sump' device for BOD and
COD concentrations, during both wet and dry weather conditions, to provide further
evidence that these effects are being discharged downstream.
Similarly to DO, BOD and COD showed signs of stratification during the program,
where the bottom and middle locations had relatively similar concentrations and
were consistently higher than the BOD and COD concentrations at the top location.
Similarly to the assumption discussed for DO, stratification of BOD and COD
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indicates that there is a source of demand for DO from the lower areas of HB4a,
which can be assumed to be from the biodegradation of organic matter retained in the
catchment sump.
pH – Acid-Base Indicator (Figure 5-6 to Figure 5-7):
An early review of the program determined that the analysis of pH was to be
included in the program at round 3, as pH has been found to affect other water
quality parameters and chemical reactions in solution (Wong 2000). In addition, pH
is a relatively simple and inexpensive test.
At round 3, pH levels were in the range of 7.2 - 7.5, which is relatively close to the
neutral level of 7 and within the range of 6.5 - 8.5 that is found in most raw water
sources (Wong 2000) (see Figure 5-6). pH at all locations stayed within this range
for most of the project except for two acidic troughs (periods of low pH levels), the
first of which occurred at the bottom location over the rounds 4, 5, and 6, and the
second trough occurred for the bottom and middle locations at round 11. The lowest
pH levels of these troughs were 5.8 at round 5, and 6.0 at round 11, which correlate
directly with the previously discussed peaks of BOD and COD at rounds 5 and 11
(see Figure 5-7). Thus, the results from this investigation confirms a relationship
between pH and the biochemical processes of biodegradation. Hence, the decreases
in pH can be attributed to the processes of microbial activity and the biodegradation
of organic matter.
Similarly to DO, BOD, and COD, pH showed signs of stratification during the
program, where the pH levels at the bottom location were consistently higher than
the middle and top locations. Similarly to the conclusions discussed for DO, BOD
and COD, this indicates that there is a ‘source’ of effect on pH from the lower areas
of HB4a. This ‘source’ based on the results of this study can be concluded to be
from the biodegradation of organic matter retained in the catchment sump.
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In addition to these findings, ANZECC (1992) infers that changes of 0.5 pH units
may be significant and recommends that such changes in pH should be investigated
for ancillary effects to other water quality parameters and chemical reactions in
solution. In particular, low or acidic levels of pH may negatively effect the
durability of the structural components of HB4a, such as concrete and reinforcement
components, screens, and connections (bolts, welds, and epoxy joints etc.) (AS:3600
2001; AS:3735 2001). Thus, the environment created in the catchment sump of
HB4a from the prolonged biodegradation of organic matter may create a more severe
environment than what was originally anticipated during design and may
significantly reduce the life expectancy of the device structures. For this reason
future designs of 'wet sump' SQIDs should investigate the use of a more conservative
durability exposure classification with regard to the presence of aerobic
biodegradation, anaerobic biodegradation, and an acidic environment (AS:3600
2001; AS:3735 2001).
Further more, pH has been found to be of particular significance in its effect on the
solubility of metallic contaminants, which are predominantly attached to the
sediments that are transported in urban stormwater (Ball, Wojcik and Tiley 2000;
Wong 2000). This is an important note, as the environmental toxicity of heavy
metals, which can be significantly detrimental due to bioaccumulation, is largely
dependent on their concentration in solution (Connell 1993; Ball et al. 2000). Thus,
due to the low pH levels caused by the biodegradation of organic matter, there is a
potential for heavy metals attached to the sediments in the catchment sump to
speciate to solution and to be discharged to receiving waters by flushing effects. For
this reason it is recommended that future monitoring should analyse samples taken
from upstream and downstream of a 'wet sump' SQID for concentrations of heavy
metals in solution, to investigate the possibility of the speciation of heavy metals and
discharge to receiving waters.
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TSS – Total Suspended Solids (Figure 5-8)
The baseline concentrations of TSS at round 1 were relatively low ranging from 8–67
mg/L, which was expected for this stage of the program. However, this range was
actually higher than the concentrations at round 12 (after the clean-out), which
ranged from 6-10 mg/L. This higher concentration of TSS at round 1, as compared
with round 12, can be attributed to the amount of sediments that accumulated in the
device prior to the commencement of the sampling program. The structure of HB4a
was installed and connected to the drainage system on 21 June 2000, approximately
3 weeks before the installation of the screens (see Section 5.2). The TSS that
accumulated in HB4a were also likely to be coarse and medium sediments, rather
than gross pollutants and organics (as the screens were not installed) causing a higher
concentration of suspended solids being recorded at round 1 than round 12.
TSS at the bottom location showed high variability, with relatively large up-spikes at
rounds 2 and 4. TSS at the bottom location was also consistently higher than the
other two locations during the program, except at rounds 10 and 11, where TSS at the
middle location was actually higher than the TSS at the bottom location. These
instances of variability may be attributed to mixing effects subjected to the pollutants
in the device as the sampling events at rounds 10 and 11 were taken less than a day
after rainfall. This can be assumed, because the energies of the influent stormwater
produced from a rainfall event is likely to be able to displace and re-suspend some of
the solids that have previously settled in the catchment sump. Combined with the
buoyancy effects on the smaller particles, there is thus a potential for small solids to
re-suspend to higher levels in the water column of a CDS device after certain rainfall
events.
Some signs of stratification were evident, although this was not as prominent as that
found by the CRCCH study (Allison et al. 1998; and Walker et al. 1999). One
reason for this may be the different pollutant loading characteristics of the two
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catchments being investigated. At this stage however, this can only be speculated as
investigations into the pollutant loading and particle size distribution analyses of both
catchments would be required to make realistic conclusions.
In summary, TSS within the water column a CDS device is thus more likely to be
associated to physical processes rather than biological or chemical processes.
Importantly, it should be noted that mixing effects from stormwater influent can
provide a potential for previously settled solids that are smaller than the screen
apertures to be flushed or discharged from the device. Thus, Allison’s et al. (1998)
assumption that increases of TSS downstream of a CDS device during the CRCCH
field study were due to sampling errors, may actually be attributed to the resuspension and discharge of previously settled solids that are smaller than the screen
apertures (see APPENDIX A - LITERATURE REVIEW). In this regard, it is
recommended that future monitoring should analyse samples taken upstream and
downstream of a ‘wet sump’ SQID for TSS to investigate the possibility of mixing,
re-suspension, and discharge of previously settled solids.
5.1.3

Inorganic chemicals (TP, PO4-3, TN, NH3-, NOx, and TKN)

TP – Total Phosphorus , and PO4-3- Orthophosphate (Figure 5-9 to Figure
5-10):
PO4-3 is a sub-analyte of TP, which is a typical by-product from the aerobic
biodegradation of organic matter (Wong et al. 2000) (see APPENDIX A LITERATURE REVIEW).
The baseline concentrations of TP and PO4-3 at round 1 were relatively low as
expected at the commencement of the program. During the subsequent rounds of the
program TP concentrations showed high variability, however each of the three
locations showed strongly similar patterns of increases and decreases, with
consistently higher concentrations at the bottom location at each round.

37

Mosman Council

CDS Monitoring Project – Final Report: Monitoring the
Biodegradation of Organics Retained in a CDS device

Prominent up-spikes of TP at the bottom location were apparent during rounds 2, 4,
6, 8, and 11, with the most prominent at round 6. As PO4-3 is a major constituent of
TP, the results show that the up-spikes of TP during rounds 6, 8, and 11 are
predominantly comprised of PO4-3 (see Figure 5-9). Thus, as PO4-3 is a typical byproduct of the biodegradation of organic matter, the up-spikes of TP during these
rounds can be attributed to the processes of biodegradation (Connell et al. 1993;
Wong 2000). This confirms Walker's et al. (1999) assumption, that increases of TP
found in the CRCCH study were attributable to the biodegradation of organic matter.
During rounds 2 and 4, however, the proportion of PO4-3 to TP is much smaller,
although PO4-3 does increase slightly. The low production of PO4-3 at these rounds
correlates with the relatively low level of pollutants and thus organics, in the
catchment sump - 18 % and 25 % respectively (Figure 5-15). Further to this, the upspikes of TP at rounds 2 and 4 also correlate directly with the previously discussed
up-spikes of TSS at these rounds. In addition, as the other major constituent of TP is
the organic insoluble fraction, which are attached to solids and thus associated with
the measure of suspended solids, the increase of TP at rounds 2 and 4 is attributable
to the mixing effects as discussed previously for TSS. Thus, the insoluble fraction of
TP increased in the water column due to the fact that they were attached to resuspended solids (Wong 2000). However, it is recommended that future monitoring
should analyse samples taken from upstream and downstream of a 'wet sump' SQID
for TP and PO4-3, to determine if PO4-3 is being discharged downstream. The effects
of the clean-out that was undertaken after round 11, resulted in very low
concentrations of TP and PO4- at round 12, as expected.
Similarly to the physico-chemical analytes, PO4-3 showed signs of stratification
during the program, where the bottom concentrations were consistently the highest,
followed by the middle and top locations, although the distribution of this
stratification during the program is variable (Figure 5-10). As PO4-3 is a soluble
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compound and thus not largely associated with sediment stratification, the higher
concentrations at the bottom suggests that the source of the production of PO4-3 is
from the lower areas of HB4a, and thus from the aerobic biodegradation of organic
matter retained in the catchment sump.
TN - Total Nitrogen, NH3- - Ammonia, NOx, - Nitrates/Nitrites, and TKN –
Total Kjeldahl Nitrogen (Figure 5-11 to Figure 5-13):
The baseline concentrations of the nitrogen analytes at round 1 were relatively low as
expected for the commencement of the program. During the subsequent rounds of
the program, the nitrogen analytes showed high variability. However, the
fluctuations of the nitrogen analytes were closely correlated with the fluctuations of
the phosphorus analytes except for the absence of up-spikes at rounds 2 and 4. As it
was discussed previously that the up-spikes of TP and PO4-3 during rounds 2 and 4,
were attributable to the mixing effects on TSS, the absence of the up-spikes of the
nitrogen analytes during these rounds can be attributed to the fact that nitrogen
compounds are least associated with sediment and thus the physical affects of mixing
(Walker et al. 1999).
The sub-analytes of TN that are typical by-products of aerobic biodegradation are
NH3- and NOx, where NH3- is also a by-product of anaerobic biodegradation (Connell
1993). TKN is a measure that is obtained by the addition of NH3- and organic N, of
which organic N is not a by-product of biodegradation (Wong et al. 2000).
The results show that TKN makes up the highest proportion of TN in the water
column of HB4a during the program (see Figure 5-11). The results also show that
TKN is predominantly comprised of NH3- (see Figure 5-13). Thus, the increases of
TN can be attributed to the production of NH3-, and thus the processes of
biodegradation.
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Microbiota

FC - Faecal coliforms, and FS - Faecal streptococci FS (Figure 5-14):
An early review of the program determined that the analysis of FC (faecal coliforms)
and FS (faecal streptococci) was to be included in the program at round 2, to observe
the fluctuations of microbial populations. This was because the decomposition of
organic compounds to inorganic compounds by micro-organisms such as bacteria,
forms the process of biodegradation and may thus result in the high growth of
bacteria levels (see APPENDIX A - LITERATURE REVIEW).
FC and FS showed high variability during the program, however, as opposed to the
variability observed for the other analytes, this included variability across the three
sampling locations or a weak correlation of patterns between the three locations.
This may be due to the difficulty in sampling and analysing microorganisms, which
may be subjected to fatalities during sampling, transport and analysis.
Nevertheless, the up-spikes during rounds 4 and 6, and the high levels over rounds 8,
9, 10, and 11 coincide with periods of high biodegradation activity as previously
discussed for BOD and COD. Thus, the high levels of bacteria found in the water
column of HB4a during these rounds can be attributed to the high growth of bacteria
from the prolonged biodegradation of organic matter in the catchment sump of
HB4a. The high levels between rounds 8 and 11, which are more prominent than the
up-spikes of round 4 and 6, also coincide with the spring and summer months of
2000 and 2001, which indicates that temperature or season may have an effect on the
subsequent growth of bacteria populations from the biodegradation of organic matter.
The down-spikes at rounds 3, 5, 7, and 11, can be attributed the flushing effects of
rainfall events that preceded these sampling events or the deaths of microbial
populations in the water samples during sampling and transport.
The instances of very high concentrations of FC and FS (>100,000 cfu/100 ml) found
during rounds 8 and 9 the program is of concern as these levels are at least four
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orders of magnitude higher than the levels recommended for the production of edible
fish, crustacea, and shellfish (ANZECC 1992). The potential for these high levels of
bacteria to be discharged to receiving waters by the previously discussed flushing
effects is of even more concern.
It should be noted however, that the extremely high levels of bacteria found in HB4a
may also be attributed to an external source such as an upstream leak in the sewerage
system. It is thus recommended that future monitoring should analyse samples taken
from upstream and downstream of a 'wet sump' SQID to determine if bacteria is
being discharged downstream and to determine if the high levels of bacteria are from
a source other than growth from microbial activity from the catchment sump of
HB4a.
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Figure 5-1 DO and rainfall
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Figure 5-2 DO and pollutant accumulation
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Figure 5-3 BOD and rainfall
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Figure 5-4 COD and rainfall
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Figure 5-5 BOD, COD, and rainfall
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Figure 5-6 pH and rainfall
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Figure 5-7 BOD, COD, pH, and rainfall
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Figure 5-8 TSS and rainfall

50

Mosman Council

CDS Monitoring Project – Final Report: Monitoring the Biodegradation of Organics Retained in a CDS device

Figure 5-9 TP and PO43-and rainfall
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Figure 5-10 PO43-and rainfall
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Figure 5-11 Nitrogens - TN, TKN, NH3-N, NOx-N, and rainfall
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Figure 5-12 TN, NH3-N, NOx-N, and rainfall
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Figure 5-13 TKN, NH3-N and rainfall
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Figure 5-14 FC, FS, and rainfall

56

Mosman Council

5.2

CDS Monitoring Project – Final Report: Monitoring the Biodegradation of
Organics Retained in a CDS device

Pollutant Accumulation Monitoring

The data from the monitoring of pollutant accumulation in the catchment sump of HB4a is
displayed on time series graphs against total daily rainfall and cumulative daily rainfall (see Figure
5-15 and Figure 5-16). The detailed tabulated results are included in APPENDIX D - DETAILED
RESULTS: POLLUTANT ACCUMULATION MONITORING PROGRAM.
The data showed a gradual accumulation of pollutants with time and rainfall events. However,
some variability in the results was evident with notable instances of decreases, which can be
attributed to the uncompacted and buoyant nature of the solid pollutants that are retained in the
catchment sump. This is because the layer of the settled pollutants in the catchment sump are
predominantly uncompacted and 'waterlogged' solids, which can vary in height due to the physical
'mixing' effects from the stormwater influent produced from rainfall events.
Measurement errors may have also contributed to the variability, as the methodology involved
waiting for the measurement staff to come to rest by self weight on top of the solids layer in the
catchment sump, which could vary depending on the make of the solids layer under the staff at the
time of measuring.
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Figure 5-15 % full and total daily rainfall
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Figure 5-16 % full and cumulative daily rainfall
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Rainfall Data Collection

Data from all rainfall events during the sampling program are displayed on a time series graph
showing total daily rainfall and cumulative daily rainfall (see Figure 5-17). The detailed tabulated
results are included as APPENDIX E - DETAILED RESULTS: RAINFALL .
5.3.1

Double Mass Curve

The data obtained from the automatic rainfall gauge at Rawson Oval (66148) was correlated with
data obtained from the rainfall gauge at Bapaume Rd (66042) on a ‘double mass curve’ (see Figure
5-18) (UTS n.d. b). The graph shows close correlation between the two rain gauges. Thus, the
rainfall data obtained from 66184 is acceptable for use in this project.
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Figure 5-17 total daily and cumulative daily Rainfall at 66184
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Figure 5-18 Double Mass Curve (66184 vs 66042)
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CONCLUSIONS AND RECOMMENDATIONS

Variability in results was expected due to the complex influences subjected to CDS
devices such as pollutant accumulation and composition, biodegradation, rainfall and
runoff characteristics, influent flushing, influent mixing, temperature, season, and
clean-out method and timing. The relatively large interval between sampling rounds
may also have prevented the complete fluctuations of analyte concentrations to be
observed, especially directly after the effects of flushing from rainfall events. Errors
caused by sampling methods, transport, and analysis of samples may have also
contributed to the variability.
However, the results of DO, BOD, COD, PO4-3, NH3-, FC, and FS provide strong
evidence that significant and extended periods of aerobic biodegradation occurred in
the catchment sump of HB4a during the sampling program. In addition, the
instances of correlation of DO with BOD and COD, pH with BOD and COD, and
PO4-3 with NH3- provides further support for this conclusion.
Furthermore, it can be concluded from the extremely low levels of DO in the water
column of HB4a during the latter sampling rounds, that anaerobic biodegradation
was occurring in the catchment sump of HB4a during the latter weeks of the program
(rounds 8 to 10).
It was also observed that the effects of flushing by rainfall events significantly
affected the results of the program, and it was thus concluded that the effects of
biodegradation produced in the water column of a CDS device can be discharged to
downstream receiving waters by these flushing effects.
Further ancillary effects were also evident, as low pH levels were found to be caused
by the processes of biodegradation. These low pH levels, may effect other chemical
reactions in solution, including the effect on the durability of the device structures,
and creating a potential for the speciation of heavy metals that are attached to

63

Mosman Council

CDS Monitoring Project – Final Report: Monitoring the
Biodegradation of Organics Retained in a CDS device

sediments that have accumulated in the catchment sump.
The biodegradation of organics within a CDS device or a 'wet sump' SQID is
therefore a cause for concern towards the subsequent negative effects that may occur
to the downstream environment and their effect on the device structures. However, it
should be noted that the potential for a CDS device to contribute to detrimental
environmental impacts must also be considered with their highly beneficial effect of
reducing gross pollutant and sediment loads.
By expanding on the analytes monitored by the CRCCH field study, the observations
and results obtained in this study have improved the understanding of the
biodegradation of organic material retained in a wet sump SQID and provided a
further insight into the associated ancillary effects. These observations, together with
the CRCCH field study on a CDS device, will provide valuable information for the
better management of wet sump SQIDs and provide a basis for future investigations.
6.1

Recommendations for further monitoring

Analysis for DO should be obtained by the use of a probe rather than from samples
to minimise sampling error, in particular where fluctuations in DO are being
investigated.
If a similar study was to be undertaken, it is suggested that the sampling frequency
should be increased to observe all fluctuations, particularly directly after a rainfall
event. Additionally, it would be beneficial if the results from inside a wet sump
could be correlated with analyses of samples taken upstream and downstream of the
SQID to determine the effects of flushing and pollutant load. In this regard, the
effects on receiving water quality from the flushing of a wet sump SQID should also
be investigated.
The potential for the speciation of heavy metals which were originally attached to the
sediments in wet sump SQIDs and their possible discharge effects into receiving
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waters should also be investigated due to their high toxicity and detrimental effect to
downstream ecosystems (Connell 1999; Ball et al. 2000).
Finally, the mixing, re-suspension, and subsequent discharge of previously settled
TSS in the catchment sump of a wet sump SQID should also be investigated.
6.2

Recommendations for SQID Clean-outs

It is recommended that wet sump SQIDs should be cleaned on a routine basis
determined by time in addition to pollutant accumulation. Further monitoring would
provide more data that could be used to estimate the maximum timeframe to allow
pollutants to accumulate in a wet sump SQID so as to minimise the detrimental
effects biodegradation of organic material in the device may have on receiving water
quality.
However, until further studies can be undertaken on the topic, it is recommended to
clean-out SQIDs closely prior to, or as soon as possible, after they have reached
pollutant holding capacity. In addition, if a number of wet sump SQIDs are owned,
it may be beneficial to clean SQIDs well prior to the pollutant holding capacity being
reached, and it may be cost effective to do this by cleaning a number of SQIDs
together.
6.3

Recommendations for SQID design for durability

As the results show that the environment within a CDS device may provide for a
more severe environment than originally anticipated in relation to acidity and aerobic
and anaerobic conditions, consideration must be given to the use of an appropriate
exposure classification that adequately reflects the effects of the biodegradation of
organic matter when designing SQID structures for durability (AS:3600 2001;
AS:3735 2001).
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APPENDIX A - LITERATURE REVIEW
The Biodegradation of Organic Matter
Overview
The decomposition of organic compounds to inorganic compounds by
microorganisms forms the process of biodegradation (Connell 1993; Peirce, Weiner
and Vesilind 1998). This is because, organic matter essentially consists of
carbohydrate and proteinaceous substances that provides a food source for decay
microorganisms or decomposers that are present in water (Connell 1993; Peirce, et
al. 1998). Decay microorganisms metabolise these organics to fuel growth and
survival, forming energy and waste by-products in the form of inorganic compounds
such as phosphates and nitrates (Connell 1993; Peirce et al. 1998).
Microorganisms can metabolise organics in two distinctly different ways: aerobically
and anaerobically, and are described below (Peirce et al. 1998).
Aerobic biodegradation
Aerobic biodegradation in water bodies exist where free oxygen is available in the
form of dissolved oxygen (DO), and where it is consumed by microorganisms to
metabolise organic matter (Connell 1993). The oxidative biodegradation of organics
results in the production of carbon dioxide (CO2), water (H2O), and other
transformations of sulphur, phosphorus, and nitrogen (Connell 1997). These
transformations include the oxidisation of sulphur to sulphate (SO42-), the oxidation
of phosphorus to orthophosphate (PO43-), and the oxidation of nitrogen through a
series of ammonia (NH3-) and nitrite (NO2-), that ultimately ends in nitrates (NO3-)
(Peirce et al. 1998).
Anaerobic biodegradation
Anaerobic biodegradation in water bodies exist where DO is reduced, usually by
excessive aerobic biodegradation, to zero or a concentration level where the
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microorganisms that do not require free oxygen become active (Connell 1993). As
free oxygen is not used, the by-products are different from aerobic biodegradation,
and many of them are biologically unstable (Peirce et al. 1998). These by-products
include methane (CH4), ammonia (NH3-), hydrogen sulphide (H2S), and a variety of
organic and inorganic compounds (Connell 1993). H2S is a highly toxic compound
and responsible for the notorious ‘rotten egg’ smell (Connell 1993; Peirce et al.
1998).
Effects of biodegradation
The biodegradation of organic matter in limited quantities is a natural and essential
process between the producers, consumers, and decomposers of aquatic and
terrestrial ecosystems (Peirce et al. 1998). However, excessive amounts may be
extremely harmful to the environment due to the reduction of DO levels, and the
transformation of unstable and more readily available nutrients. In addition,
excessive aerobic biodegradation may also lead to the potential for anaerobic
biodegradation and consequently the production of highly toxic compounds (Connell
1993).
Previous Monitoring Of CDS Devices
Overview
An extensive field-study by the CRCCH of a CDS device located in Coburg,
Melbourne, has been described in several reports. Two reports of particular interest
by Allison et al. (1998) and Walker et al. (1999) are reviewed below. Three other
CDS field studies by Strynchuk, Royal and England (1998), Kurupu (1999), and
Ignacio (2000) were also included in the review.
Efficiency of a CDS device at reducing gross pollutant loads
Allison et al. (1998) estimated that the Coburg device removed 99 % of all gross
pollutants from the stormwater flow during 12 months of the field study. However,
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this estimate was not obtained from analysing the inflow and outflow concentrations
of gross pollutants, as "it was not feasible to locate a gross pollutant sampler
downstream of the device because of limited access" (Allison et al. 1998, p. 63). The
estimate was instead obtained by monitoring the proportion of stormwater flow
bypassing the device during 12 months of operation.
Allison’s et al. (1998) methodology used the assumption that gross pollutants, since
by definition are larger than 5 mm (nom. diameter), are not physically able to pass
through the CDS screen apertures, which are elliptically shaped with typical
dimensions of 4.7 mm (horizontal) by 10 mm (vertical). Allison et al. (1998)
therefore argued that, if the screen was not damaged, that of the stormwater that was
diverted into the device (influent) all of the gross pollutants would be captured by the
device. Consequently, Allison et al. (1998) monitored the proportion of the
stormwater flows entering and bypassing the device and found that 1 % of the
stormwater flow bypassed the device, providing the 99 % estimate for a CDS device
at removing gross pollutants.
However, it should be noted that as Allison et al.’s (1998) methodology did not
involve any sampling for gross pollutant concentrations, the possibility for gross
pollutants initially retained by the screen to be reduced in size by biodegradation
and/or dissolution effects as the are retained in the device were not taken into
account. These pollutants may then be re-suspended from mixing effects in the
device and emitted through the screen apertures during subsequent flows into the
device. Future monitoring programs utilising this methodology should thus
incorporate sampling downstream of the device or at the outlet of the catchment to
confirm Allison's et al. (1998) assumptions or to determine the appropriate
adjustments to the estimate.
In addition, as Allison’s et al. (1998) methodology is highly dependent on the
amount of stormwater that was diverted into the Coburg device during the field
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study, the rainfall and runoff data used for the study should be analysed to determine
if it is statistically valid for such a methodology. This is because the types of ARI
rainfall events that occurred during the study would strongly determine how much of
the stormwater was diverted into the Coburg device. Further to this, the hydraulic
design of the Coburg device should be investigated to ensure that the device was
designed to treat a typical amount of stormwater flow (3 month ARI), and not ‘over
engineered’. New SQIDs or CDS device installations should also provide great
attention towards the hydraulic design of the devices to ensure that it will be treating
the required amount of stormwater flow.
Clean-out analyses of CDS devices
The composition of gross pollutants retained by the Coburg device was analysed
during the CRCCH field study by sorting all of the gross pollutants taken from all of
the clean-outs during the study into pollutant categories and obtaining dry masses
(Allison et al. 1998). Allison et al. (1998) found that organic matter was consistently
the largest proportion of the gross pollutants with an average of 77 %, ranging from
64 - 87 %.
Another field study of a CDS device located in Drummoyne, Sydney, analysed the
composition by volume of all of the material taken from the clean-outs (Ignacio
2000). Analysis of Ignacio’s (2000) data shows an average of 85 % of organic
matter, ranging from 84 - 86 %.
These studies suggest that organic matter can comprise a large proportion of what is
retained by a CDS device, although this would depend on a particular catchment’s
pollutant loading characteristics. However, in urban catchments, organic matter has
been found to represent the largest proportion of gross pollutant loads in some
studies (Chiew 1997; Allison et al. 1998; Duncan et al. 1999). This combined with
the estimation that CDS devices are very efficient (99 %) at retaining gross
pollutants, suggests that a high proportion of organic matter can be expected to be
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retained by a CDS device (Allison et al. 1998) (see Efficiency of a CDS device at
reducing gross pollutant loads).
Efficiency of a CDS device at reducing TSS loads
Walker et al. (1999) estimated TSS removal by the Coburg CDS device to be 70 %
during rainfall events. The methodology to obtain this estimate was to ignore data
that had concentrations below a selected background concentration level. Walker et
al. (1999) selected the background level of 75 mg/L on the basis that the data below
it showed no removal effect for TSS, and in some instances, downstream
concentrations of TSS were higher. Thus, data with inflow concentrations of less
than 75 mg/L were ignored, which may have produced a biased estimate. In
comparison, two independent field studies that did not select a background
concentration level, both estimated that a CDS device is capable of removing 50 %
of TSS during rainfall events (Strynchuk et al. 1998; Kurupu 1999). Future
monitoring programs should thus be careful in selecting the most appropriate
methods of analysis.
During dry weather analysis, Walker et al. (1999) found that of TSS actually
increased by 22 % downstream of the Coburg unit, but attributed this increase to
possible sampling errors. However, the increase in TSS may have been due to the
discharge of solids that had been previously retained in the catchment sump of the
device from re-suspension, biodegradation, or dissolution effects.
Efficiency of a CDS device at reducing TP loads
Walker et al. (1999) estimated TP removal by the Coburg CDS device to be 30 %
during rainfall events above a chosen background concentration level of 0.5 mg/L.
Thus, data with inflow concentrations of less than 0.5 mg/L were ignored on the
basis that the data below it showed no removal effect for TP, and in some instances,
downstream concentrations of TP were higher. Walker et al. (1999) attributed these
increases of TP to the ‘flushing’ of biodegradation effects that had previously
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occurred during dry weather (discussed further below). Walker et al. (1999) also
acknowledged that the selected background level of 0.5 mg/L level was high, as it is
an order of magnitude higher than the desired TP concentrations for receiving waters
(ANZECC 1992; ANZECC 1999). In comparison, two other independent field
studies, by Strynchuk et al. (1998) and Kurupu (1999) found 30 % and 18 % of TP
removal by a CDS device respectively, and without the selection of a background
concentration level.
During dry weather analysis, Walker et al. (1999) found that TP actually increased
by 23 % downstream of the Coburg device and concluded that this increase was due
to the production of PO43-, which is a typical by-product of the aerobic
biodegradation (see Aerobic biodegradation). Walker et al. (1999) explained that
this occurred when particulate phosphorus, which is attached to solid organic matter,
was transformed to a soluble and dissolved form of phosphorus (PO43)) by
biodegradation, thereby increasing the levels of TP in the water column. Walker et
al. (1999) supports this conclusion by stating that the reduced DO levels and redox
potentials in the catchment sump were likely to provide a potential for this
biodegradation, however no scientific testing for DO or redox potentials was
undertaken (Walker et al. 1999).
Efficiency of a CDS device at reducing TN loads
Walker et al. (1999) did not provide an estimate for TN removal by the Coburg CDS
device during rainfall events due to the broad scatter of data, which was attributed to
“the fact that TN is conveyed in urban stormwater in a number of particulate and
soluble forms and is least associated with suspended sediment” (Walker et al. 1999,
p. 30). In comparison, another independent field study by Kurupu (1999) estimated
15 % of TN removal by a CDS device during rainfall events.
Dry weather monitoring of effect on TSS, TP, and TN by a CDS device
A 21 month sampling program by the CRCCH that aimed to monitor the influence
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that the Coburg device had on downstream concentrations of TSS, TP, and TN,
during dry weather is described by Allison et al. (1998) for the first 12 months, and
Walker et al. (1999) for the entire 21 months.
The sampling program undertook 53 rounds of sampling (Walker et al. 1999). The
methodology involved taking manual grab samples of stormwater during dry weather
from the following locations of the device: upstream, downstream, and at three
depths within the device (1.0 m, 2.5 m, and at the bottom). The samples were
subsequently analysed for TSS, TN and TP concentrations (Allison et al. 1998;
Walker et al. 1999).
By analysing plots of downstream against upstream concentrations, Allison et al.
(1998) concluded that the Coburg device had little effect on the downstream
concentrations of TSS, TP, and TN. To obtain this conclusion, Allison et al. (1998)
ignored data that showed high concentrations and data that deviated from the 1:1 line
as ‘outliers’. The ignored data, however, may actually be reflecting incidental
impacts that a CDS device provides under certain conditions (i.e. higher downstream
concentrations of TSS, TP and TN resulting from the discharge of biodegradation
effects produced during a long antecedent dry period).
Walker’s et al. (1999) analysis of the data, however, correlated the upstream and
downstream concentration data with the concentrations obtained within the device (at
depths of 1 m, 2.5 m, and at the bottom). Walker et al. (1999, p. 23) thus a found
“weak, but apparent” correlation between concentrations of both TP and TN at the 1
m depth with downstream TP and TN concentrations. Walker et al. (1999) attributed
this finding to the nutrient biochemical transformation from the effects of organic
biodegradation in the catchment sump of the Coburg device.
Dry weather monitoring within a CDS device for TSS, TP, and TN
Data from the same sampling program that was described in the previous section was

74

Mosman Council

CDS Monitoring Project – Final Report: Monitoring the
Biodegradation of Organics Retained in a CDS device

also used by Allison et al. (1998) and Walker et al. (1999) to provide an "insight"
into the breakdown of pollutants within the Coburg CDS device.
Allison et al. (1998) concluded that, as the concentrations were highest at the bottom
of the device, that there was limited mixing and "breakdown" near the bottom.
Walker et al. (1999), however, analysed the data on time series plots and concluded
that the vertical profiles of stratification indicate that the following processes were
occurring: sedimentation and limited mixing from higher TSS at bottom, and organic
biodegradation and biochemical transformation from higher TP and TN at bottom.
However, the limited mixing during dry weather conditions can be expected, due to
the low rate of inflows and the comparatively large volume of the device (4 m in
diameter and approximately 5 m deep).
The instances of high concentrations of TP in the water column of the Coburg device
was attributed by Walker et al. (1999) to the desorption of particulate phosphorus
attached to sediments to the soluble orthophosphate (PO43-). This was further
attributed to organic biodegradation, however there was no analysis for PO43- to
verify this assumption. Thus, biodegradation may be better indicated by other
parameters within TP and TN, namely the by-products that are produced from
biodegradation such as PO43-, NH3-, NO2-, and NO3-. In addition, the sampling
program was undertaken during dry weather conditions only, and Kurupu (1999)
suggests that samples should also be taken within the device prior to and after a
rainfall event, as Kurupu (1999) found higher levels of downstream BOD (6 %)
during rainfall events.
Walker's et al. (1999) discusses that the effectiveness of a CDS device is reduced by
the effects of organic biodegradation and clean-out frequency. Walker et al. (1999)
also suggests that constructing a wetland downstream of a CDS device may alleviate
these effects by ‘polishing’ the exported nutrient load. However, when 'retrofitting' a
CDS device in an urban catchment, site and cost constraints are likely to prevent the
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feasibility of constructing an additional wetland.
In regards to the detailed results of the sampling program (Allison et al. 1998;
Walker et al. 1999), it should be noted that after the first 2½ months there is a 6
month gap where no sampling is undertaken, after which the program continues for
the final 12 months. No explanation is provided for this, but it is possible that the
first 2½ months was a ‘pilot’ or preliminary study prior to a 12 months longer term
study.
It should also be noted that for the first 2½ months, there was no data for the 2.5 m
depth, and various other missing data to a lesser degree. In addition, sampling for
the final 12 months only showed missing data from the 2.5 m depth and on the same
dates, except for the 30-May-97 date, which may be a data entry error. Thus, most of
the missing data was at the 2.5 m depth, which comprised approximately half of all
missing data. No explanation is provided for missing data, but it is possible that
sampling difficulties arose, particularly at the 2.5 m depth.
It should also be noted that the first six months of the sampling program was
undertaken in conjunction with the gross pollutant monitoring program that was
described earlier (Allison et al. 1998) (see Clean-out analyses of CDS devices).
Where, to provide the desired gross pollutant data, the Coburg device was cleaned
after every rainfall event that produced 2-3 mm of rainfall on the catchment (Allison
et al. 1998). Analysis of the clean-out dates showed that 10 clean-outs were
undertaken during the first six months, with an average time interval of 8.7 days,
ranging from 2 - 28 days. The method used to clean the device was 'eduction', which
is a method that removes all of the materials retained by the device including the
stormwater by a high powered suction truck. Eduction, however, is rarely
undertaken in practice for devices comparable in size to the Coburg device, due to
the complexities and costs associated with disposing the vast amounts of stormwater
(more than 45,000 L). In addition, a typical clean-out would only occur when the
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pollutant holding capacity is reached, and involve removing only the solids in the
device by a collection basket or excavation by a clam-shell attachment. Thus, the
water that is retained in the device would normally remain during and after a typical
clean-out.
Thus, the frequency and methods of the clean-outs during the CRCCH field study
may have significantly affected the ambient water quality within the Coburg device,
in particular during the first 6 months. Hence, the effect that a CDS device has on
downstream concentrations of TSS, TP, and TN and the breakdown of pollutants
within the device may have been underestimated during the studies by Allison et al.
(1998) and Walker et al. (1999).
Summary of literature review
The environment within a CDS device provides for the accumulation of large
amounts of organic matter under water. As the organics are accumulated and
retained over time, they may provide an abundant source of food for decay
microorganisms such as faecal bacteria, which are commonly present in stormwater
(Duncan 1999). The environment within a CDS device is also devoid of the
producers and consumers of the food chain. Consequently, a largely unbalanced
ecosystem exists in a CDS device, where decay microorganisms have a high
potential to grow to very large populations. This environment may result in
excessive aerobic biodegradation, and during prolonged periods between clean-outs,
possible anaerobic biodegradation.
The excessive amounts of biodegradation in a CDS device may thus result in the
increase of decay microorganisms, the transformation of stable nutrients to more
biologically available compounds, the depletion and increase on the demand of DO,
and if anaerobic conditions occur, the production of highly toxic compounds.
The discharge of these effects to receiving waters, may then result in nutrient
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enrichment, the increase of decay microorganisms, the increase on the demand for
DO, the reduction of DO levels, and the introduction of toxic compounds.
Consequently, these effects may provide greater potential for detrimental
environmental phenomena such as ‘environmental shock’, ‘eutrophication’ or algal
blooms, and the reduction of biodiversity through ‘species kills’ (Connell 1993).
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APPENDIX B - DETAILED RESULTS OF SAMPLING PROGRAM
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0.17
0.36
0.17
0.38
0.15
3.20
0.80
3.10
2.80
3.30
3.70
1
<0.1
0.7
0.3
0.6
0.57
0.2
<0.1
<0.1
<0.1
<0.1
<0.1
3
0.8
3.1
2.8
3.3
3.7
>100000 10000
0
>100000 50000

11
12
10/01/01 16/01/
01
23
6
140
7
61
10
25
<2
130
3
200
8
0.6
5.3
0.7
2.5
0.8
2.9
56
<2
160
14
220
20
6.6
7.2
6.1
7.2
6
6.8
0.43
0.22
1.4
0.33
1.8
0.15
0.18
0.19
0.89
0.14
1.5
<0.1
2.80
5.70
8.20
6.50
9.70
4.30
1.2
0.7
1.8
1.6
1.6
2.8
<0.1
1.8
<0.1
2.1
<0.1
0.94
2.8
3.9
8.2
4.4
9.7
3.4
63000
2400
42000

1500

>100000 80000 24000

3600

24000
22000
20000

1300
600
800

60000 <10
24000 3000
18000 3000

06/10/00
190
2.6
6.0
270
4.9
3.30
16.0
16.0
<0.1
8.6
100
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APPENDIX C - SAMPLE CHAIN OF CUSTODY FORM
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APPENDIX D - DETAILED RESULTS: POLLUTANT ACCUMULATION
MONITORING PROGRAM
Date
14/07/00
18/07/00
19/07/00
24/07/00
25/07/00
10/08/00
15/08/00
17/08/00
24/08/00
30/08/00
4/09/00
13/09/00
20/09/00
26/09/00
27/09/00
3/10/00
6/10/00
12/10/00
18/10/00
24/10/00
25/10/00
31/10/00
10/11/00
18/11/00
27/11/00
11/12/00
18/12/00
29/12/00
10/01/01
11/01/01
16/01/01

% full
18%
18%
18%
18%
18%
25%
25%
25%
28%
18%
21%
40%
46%
46%
57%
57%
53%
67%
74%
82%
67%
67%
82%
87%
89%
106%
124%
74%
82%
0%
0%
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APPENDIX E - DETAILED RESULTS: RAINFALL DATA
14/07/2000
15/07/2000
16/07/2000
17/07/2000
18/07/2000
19/07/2000
20/07/2000
21/07/2000
22/07/2000
23/07/2000
24/07/2000
25/07/2000
26/07/2000
27/07/2000
28/07/2000
29/07/2000
30/07/2000
31/07/2000
01/08/2000
02/08/2000
03/08/2000
04/08/2000
05/08/2000
06/08/2000
07/08/2000
08/08/2000
09/08/2000
10/08/2000
11/08/2000
12/08/2000
13/08/2000
14/08/2000
15/08/2000
16/08/2000
17/08/2000
18/08/2000
19/08/2000
20/08/2000
21/08/2000
22/08/2000
23/08/2000
24/08/2000
25/08/2000
26/08/2000
27/08/2000
28/08/2000
29/08/2000
30/08/2000
31/08/2000
01/09/2000
02/09/2000
03/09/2000
04/09/2000
05/09/2000

0
0
0.8
0.2
0.2
0.2
0.2
0
0
0
0
4.8
0.4
11.2
13.6
0
0
0
0
0
0
0
1.2
1
0.8
0.6
0.6
0
0
0.4
9.4
1.8
0.2
5.8
0.2
0
0.2
0
0
0
0
0
0
0
0
7
0.2
0
0.6
0
7.2
0
0
0

0
0
0.8
1
1.2
1.4
1.6
1.6
1.6
1.6
1.6
6.4
6.8
18
31.6
31.6
31.6
31.6
31.6
31.6
31.6
31.6
32.8
33.8
34.6
35.2
35.8
35.8
35.8
36.2
45.6
47.4
47.6
53.4
53.6
53.6
53.8
53.8
53.8
53.8
53.8
53.8
53.8
53.8
53.8
60.8
61
61
61.6
61.6
68.8
68.8
68.8
68.8
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06/09/2000
07/09/2000
08/09/2000
09/09/2000
10/09/2000
11/09/2000
12/09/2000
13/09/2000
14/09/2000
15/09/2000
16/09/2000
17/09/2000
18/09/2000
19/09/2000
20/09/2000
21/09/2000
22/09/2000
23/09/2000
24/09/2000
25/09/2000
26/09/2000
27/09/2000
28/09/2000
29/09/2000
30/09/2000
01/10/2000
02/10/2000
03/10/2000
04/10/2000
05/10/2000
06/10/2000
07/10/2000
08/10/2000
09/10/2000
10/10/2000
11/10/2000
12/10/2000
13/10/2000
14/10/2000
15/10/2000
16/10/2000
17/10/2000
18/10/2000
19/10/2000
20/10/2000
21/10/2000
22/10/2000
23/10/2000
24/10/2000
25/10/2000
26/10/2000
27/10/2000
28/10/2000
29/10/2000
30/10/2000
31/10/2000

0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.8
1
6
7.2
5.2
0
0
0
0
0
0
0
0
0
1.2
37.2
0
3.8
0
12.2
4
0
0
9.2
0.2
12.2
0
0
0
0
3
0.2
0
0
0
0
0
0

68.8
69.8
69.8
69.8
69.8
69.8
69.8
69.8
69.8
69.8
69.8
69.8
69.8
69.8
69.8
69.8
69.8
69.8
70.6
71.6
77.6
84.8
90
90
90
90
90
90
90
90
90
90
91.2
128.4
128.4
132.2
132.2
144.4
148.4
148.4
148.4
157.6
157.8
170
170
170
170
170
173
173.2
173.2
173.2
173.2
173.2
173.2
173.2
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01/11/2000
02/11/2000
03/11/2000
04/11/2000
05/11/2000
06/11/2000
07/11/2000
08/11/2000
09/11/2000
10/11/2000
11/11/2000
12/11/2000
13/11/2000
14/11/2000
15/11/2000
16/11/2000
17/11/2000
18/11/2000
19/11/2000
20/11/2000
21/11/2000
22/11/2000
23/11/2000
24/11/2000
25/11/2000
26/11/2000
27/11/2000
28/11/2000
29/11/2000
30/11/2000
01/12/2000
02/12/2000
03/12/2000
04/12/2000
05/12/2000
06/12/2000
07/12/2000
08/12/2000
09/12/2000
10/12/2000
11/12/2000
12/12/2000
13/12/2000
14/12/2000
15/12/2000
16/12/2000
17/12/2000
18/12/2000
19/12/2000
20/12/2000
21/12/2000
22/12/2000
23/12/2000
24/12/2000
25/12/2000
26/12/2000

0
0
3.6
0.2
0
0.6
8.8
0
0
0.2
0
1
8.4
43.6
50.4
19.2
0.8
9.4
0.8
2.2
6
0
0
0
0.2
4.4
0.2
0
5
10
22.8
0.2
0
0
0
0
3.6
1.8
3.4
0
0
0
1.2
1.6
0.4
0.8
0
0
1
0.2
0
0
0
3.2
0
0

173.2
173.2
176.8
177
177
177.6
186.4
186.4
186.4
186.6
186.6
187.6
196
239.6
290
309.2
310
319.4
320.2
322.4
328.4
328.4
328.4
328.4
328.6
333
333.2
333.2
338.2
348.2
371
371.2
371.2
371.2
371.2
371.2
374.8
376.6
380
380
380
380
381.2
382.8
383.2
384
384
384
385
385.2
385.2
385.2
385.2
388.4
388.4
388.4
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27/12/2000
28/12/2000
29/12/2000
30/12/2000
31/12/2000
01/01/2001
02/01/2001
03/01/2001
04/01/2001
05/01/2001
06/01/2001
07/01/2001
08/01/2001
09/01/2001
10/01/2001
11/01/2001
12/01/2001
13/01/2001
14/01/2001
15/01/2001
16/01/2001

0
0
0
0.6
0.2
0
0
0
0
0
0
0
2.4
1.8
0.2
0
0
0
0
0
0

388.4
388.4
388.4
389
389.2
389.2
389.2
389.2
389.2
389.2
389.2
389.2
391.6
393.4
393.6
393.6
393.6
393.6
393.6
393.6
393.6
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